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EXECUTIVE SUMMARY 
 
� Background and Objectives 
 
In 1991, and again in 2002, BC Hydro conducted an in-depth analysis of where, how and at what 
cost electricity demand in British Columbia could be reduced. These analyses are contained in 
two separate documents, known as Conservation Potential Reviews (CPR).  
 
Since completing the CPR 2002, new pressures in the electricity industry and on the environment 
have led to a renewed interest in conservation, load management and demand-side management 
(DSM). In addition, the performance efficiency of major energy-using technologies has 
continued to improve, technology prices have changed, new products have become available and 
additional technologies, based largely on advances in information technology (IT) and materials 
science, are under development.  
 
Given these conditions, BC Hydro initiated the current study – CPR 2007 – to assist its DSM 
planners in designing and implementing a new set of initiatives. Stemming from CPR 2002, CPR 
2007 provides an updated and expanded assessment of the electrical energy and peak load 
savings potential from:  
 
� Changes in existing and emerging technologies and operation and maintenance 
� Behavioural activities and lifestyle 
� Adopting renewable energy sources on the customer side of the meter 
� Changes in fuel choice. 
 
� Scope and Organization  
 
The scope of CPR 2007 is significantly expanded from CPR 2002. It covers a 20-year study 
period, rather than the 15-year time frame used in the previous CPR. It expands its sector 
coverage to include street lighting in addition to the three core sectors (Residential, Commercial 
and Industrial). The CPR 2007 reviews all electrical efficiency technologies or measures that are 
expected to be commercially viable by the year 2011 but, in addition, also reviews emerging 
technologies, behavioural and lifestyle changes, customer-supplied renewable energies and fuel 
switching to natural gas. 
 
The CPR 2007 has been organized into five Analysis Areas. The results are presented in 11 
individual reports. Exhibit E1 below provides an overview of each Analysis Area. 
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Exhibit E1: Overview of CPR 2007 Organization – Analysis Areas and Reports 
 

CPR 2007 Analysis Areas

CPR 2007 Reports

Behaviour 
Report (5)

Commercial Sector 
Report (2)

Residential Sector 
Report (1)

Analysis Area 1
Energy Efficiency & Peak Load 

Technologies and O & M

Analysis Area 2 
Customer Supplied 

Renewable Energies

Analysis Area 3
Behaviour

Analysis Area 4
Lifestyle

Analysis Area 5
Fuel Switching

Customer Supplied 
Renewable Energies 

Report (4)

Lifestyle
 Report (7)

Industrial Sector 
Report (3)

Residential Sector 
Report (8)

Commercial Sector 
Report (9)

Industrial Sector 
Report (10)

Combined Energy 
Savings Potential 

Report (6)
 - Combined Results -

Summary Report (11)

 
 

 
This Report 
 
This report presents the results of Analysis Area 1 for BC Hydro’s Residential sector customers 
(Report 1 in Exhibit E1, above). This report addresses all commercially available electric energy 
efficiency and peak load reduction measures that are applicable to B.C.’s Residential sector. It 
also provides an overview of emerging technologies that have the potential to affect residential 
electricity consumption in later periods of this study.  
 
� Approach  
 
The detailed end-use analysis of electrical efficiency opportunities in the Residential sector 
employed two linked modelling platforms: HOT-2000, a commercially supported, residential 
building energy-use simulation software, and RSEEM (Residential Sector Energy End-use 
Model), a Marbek in-house spreadsheet-based macro model. Peak load savings were modelled 
using Applied Energy Group’s Cross-Sector Load Shape Library Model (LOADLIB). 
 
The major steps involved in the analysis are shown in Exhibit E2 and are discussed in greater 
detail in Chapter 1 of the Residential sector report, Introduction to CPR 2007. As illustrated, the 
results of CPR 2007, and in particular the estimation of Achievable Potential, support on-going 
DSM planning and management. However, the estimates of Achievable Potential are not DSM 
targets. Rather, they inform the selection and design of DSM initiatives, along with other inputs. 
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Exhibit E2: Study Approach Major Analytical Steps 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
� Overall Study Findings 
 
As in any study of this type, the results presented in this report are based on a number of 
important assumptions. Assumptions such as those related to the current penetration of efficient 
technologies and the rate of future growth in the stock of residential buildings are particularly 
influential. Wherever possible, the assumptions used in this study are consistent with those used 
by BC Hydro. However, the reader is referred to a number of caveats throughout the main text of 
the report. Given these assumptions, the CPR 2007 findings confirm the existence of significant 
potential cost effective opportunities for electric energy and peak load savings in B.C.’s 
Residential sector. 
 
Electric energy savings from electrical efficiency improvements would provide between 3,173 
and 2,295 GWh/yr of electricity savings by F2026 in, respectively, the Upper and Lower 
achievable scenarios. The most significant Achievable Savings opportunities were in the actions 
that addressed lighting, space heating and household electronics (e.g., computers and peripherals, 
televisions and television peripherals). 
 
Two sources of electric peak load savings were assessed1: peak load savings from the electric 
energy savings (noted above), and peak load savings from capacity-only measures.  
 
� Electric energy savings would provide peak load savings of approximately 805 to 582 

MW during BC Hydro’s Annual System Peak Hour by F2026 in, respectively, the Upper 
and Lower achievable scenarios.  

 
� Capacity-only measures would provide peak load savings of approximately 722 to 557 

MW during BC Hydro’s Annual System Peak Hour by F2026 in, respectively, the Upper 

                                                 
 
1
 Peak load savings from the two sources are not directly additive; details are provided in the main report. 

Base Year Calibration

Reference Case

Technology Assessment

Capacity Impacts

Achievable Potential

Economic Potential

Detailed Program Design

DSM Targets

2007 CPR Study

On-going Power Smart Work
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and Lower achievable scenarios. The most significant Achievable Savings opportunities 
were from 1-way, switch-based utility control of space heating, lighting and plug loads. 

 
� Summary of Electric Energy Savings 
 
A summary of the levels of annual electricity consumption contained in each of the forecasts 
addressed by the CPR 2007 is presented in Exhibits E3 and E4, by milestone year, and discussed 
briefly in the paragraphs below. 

 
Exhibit E3: Summary of Forecast Results – Annual Electric Energy Consumption,  

Residential Sector (GWh/yr) 

Upper Lower Upper Lower
F2006 16,106 16,106
F2011 17,843 15,248 17,107 17,547 2,595 735 296
F2016 19,359 15,730 17,840 18,596 3,628 1,519 762
F2021 20,821 16,001 18,455 19,228 4,820 2,366 1,593
F2026 22,156 16,635 18,983 19,861 5,521 3,173 2,295

Base Year
Milestone 

Year
Economic

Annual Consumption (GWh/yr.)
Residential Sector

Potential Annual Savings
(GWh/yr.)

Achievable Achievable
Economic

Reference 
Case

 
*Results are measured at the customer’s point of use and do not include line losses. 
 

Exhibit E4: Graphic of Forecast Results – Annual Electric Energy Consumption, 
Residential Sector (GWh/yr) 
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Base Year Electricity Use  
 
In the Base Year of F2006, BC Hydro’s Residential sector consumed about 16,100 GWh. Exhibit 
E5 shows that space heating accounts for about 24% of total residential electricity use.2 Kitchen 
appliances (i.e., refrigeration, freezers, cooking, microwave ovens and dishwashers) account for 
approximately 19% of the total electricity use, followed by lighting (16%). Household 
electronics (i.e., computers and peripherals, televisions and television peripherals) and domestic 
hot water (DHW) each account for about 9% of the total electricity use.  

  
Exhibit E5: Base Year Electricity Use by End Use, Residential Sector 

 
 
 
  
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Exhibit E6 shows the distribution of Base Year electricity consumption by dwelling type. As 
illustrated, single-family detached (SFD)/duplex dwellings account for the largest share (69%) of 
residential Base Year electricity use.  

 

                                                 
 
2
 Values are for all residential dwellings. Space heating share is much higher in electrically heated homes. 
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Exhibit E6: Base Year Electricity Use by Dwelling Type, Residential Sector  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reference Case – Electric Energy 
 
In the absence of new DSM initiatives, CPR 2007 estimates that electricity consumption in the 
Residential sector will grow from 16,100 GWh/yr in F2006 to about 22,100 GWh/yr by F2026. 
This represents an overall growth of about 38% in the period and compares very closely with BC 
Hydro’s December 2006 forecast, which also included consideration of the impacts of “natural 
conservation.”  
 
Economic Potential Forecast – Electric Energy 
 
Under the conditions of the Economic Potential forecast,3 the study estimated that electricity 
consumption in the Residential sector would grow to about 16,600 GWh/yr by F2026. Annual 
savings relative to the Reference Case are 5,500 GWh/yr or about 25%. The Economic Potential 
annual savings in the intermediate milestone years are 2,600 GWh/yr in F2011, 3,600 GWh/yr in 
F2016, and 4,800 GWh/yr in F2021.  
 
Achievable Potential – Electric Energy 
 
The Achievable Potential is the proportion of the economic electric energy savings (as noted 
above) that could realistically be achieved within the study period. In the Residential sector, the 
Achievable Potential for electric energy savings through technology adoption was estimated to 
be 3,173 GWh/yr and 2,295 GWh/yr by F2026 in, respectively, the Upper and Lower scenarios. 
  
Consistent with the results in the Economic Potential forecast, the most significant Achievable 
savings opportunities were in the actions that addressed lighting, space heating and household 
electronics (e.g., computers and peripherals, televisions and television peripherals). 
 

                                                 
 
3
 The level of electricity consumption that would occur if all equipment and building envelopes were upgraded to the level that is 

cost effective against future avoided electricity costs. 
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� Summary of Peak Load Savings 
 
The CPR 2007 defined four peak periods (detailed in Chapter 3 of the Residential sector report, 
Base Year Electric Peak Load Profile):  
 
� Peak Period 1: Annual System Peak Hour – For BC Hydro, this has traditionally been 

the hour ending at 6 pm on a day in December or January; highly correlated with the 
coldest day of the year. 

 
� Peak Period 2: System Critical Peak Days – The 4 to 9 pm period on the four highest 

System Peak Days; totals 20 hours. 
 
� Peak Period 3: Typical Winter Peak Day – This adds the morning peak 8 am to 1 pm to 

the System Critical Peak Days definition; totals 40 hours per year. 
 
� Peak Period 4: Winter Peak Energy – This uses the Typical Winter Peak Day hour 

definition (8 am to 1 pm and 4 to 9 pm) for all winter weekdays when minimum daily 
temperature is below 0ºC. Typically, this consists of 45 days or 450 hours per year.  

 
The CPR 2007 assessed two sources of peak load savings and their affect on each of the four 
peak periods: 
 
� Peak load savings from electric energy savings 
� Peak load savings from capacity-only measures. 
 
Exhibit E7 provides a summary of the peak load savings potential from each source. For the 
purpose of this summary, the results of Peak Period 1 are highlighted below; details for the other 
three peak periods are provided in the main body of the report. In each case the reductions are an 
average value over the peak period and are defined relative to the Reference Case. 
 

Exhibit E7: Residential Peak Load Savings from Electric Energy Savings and Capacity-
only Measures – Reference Case vs Achievable Potential for the Total BC Hydro Service 

Area 
 

Average Peak Load (MW) 
Residential Sector 

Peak Load Savings from 
Electric Energy Savings 

(MW) 

Peak Load Savings from 
Capacity-only Measures 

(MW) 
Milestone 

Year 
Base 
Year 

Reference 
Case 

Upper 
Achievable 

Lower 
Achievable 

Upper 
Achievable 

Lower 
Achievable 

F2006 4,812 4,812     
F2011  5,244 220 89 273 138 
F2016  5,632 417 209 559 333 
F2021  6,007 608 409 778 468 
F2026  6,335 805 582 908 557 

Note: Electric peak load reductions from “electric energy savings and from capacity-only measures presented in Exhibit E7 are 
not directly additive. For example, if the electric peak load reductions due to electric energy efficiency measures applied to 
domestic hot water use provide a 5% saving, the capacity-only measure for electric peak reductions should be discounted by that 
same 5% to reflect the new lower consumption level. Further detail is provided in the main body of the report. 
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Highlights of the peak load savings shown in Exhibit E7 are presented below: 
 
� In the Base Year F2006, the peak load for BC Hydro’s total Residential sector was 

approximately 4,810 MW for Peak Period 1. 
 
� In the absence of new DSM initiatives, the study estimates that the Residential sector 

peak load in Peak Period 1 will grow to about 6,335 MW by F2026, an increase of about 
31%.  

 
� Electric energy savings would provide peak load savings of approximately 805 to 582 

MW during BC Hydro’s Annual System Peak Hour by F2026 in, respectively, the Upper 
and Lower Achievable scenarios.  

 
� Capacity-only measures would provide peak load savings of approximately 908 to 557 

MW by F2026 in, respectively, the Upper and Lower Achievable scenarios. The most 
significant Achievable Savings opportunities were from 1-way, switch-based utility 
control of space heating, lighting and plug loads. 
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1. INTRODUCTION TO CPR 2007 
 
1.1 BACKGROUND AND OBJECTIVES 
 
In 1991 and again in 2002, BC Hydro conducted an in-depth technical end use analysis of where, 
how and at what cost electricity demand in British Columbia could be reduced. These analyses 
are contained in two separate documents, known as Conservation Potential Reviews (CPR).  
 
Since completing the CPR 2002, new pressures in the electricity industry and on the environment 
have led to a renewed interest in conservation, load management and demand-side management 
(DSM). In addition, the performance efficiency of major energy-using technologies has 
continued to improve, technology prices have changed, new products have become available, 
and additional technologies, based largely on advances in information technology (IT) and 
materials science, are under development.  
 
In June 2006, BC Hydro initiated a third Conservation Potential Review study that was carried 
out in cooperation with an External Review Panel (ERP), a panel of representatives from 
community groups and sectors from across B.C. This study investigates new and different ways 
for B.C.’s industries, businesses and households to save energy as provincial electricity demand 
continues to grow.  
 

The purpose of the CPR 2007 is to develop estimates of electricity conservation potential in BC 
Hydro’s service area to the year 2026. This included analysing a broad range of energy-saving 
technologies, behaviour and lifestyle changes, small-scale renewable energies and fuel 
switching. This information will be used for: 

� Providing input to the Demand-side Management (DSM) Plan for BC Hydro’s Energy 
Conservation and Efficiency long-term goal 

� Developing new conservation programs and modifying existing ones 
� Providing estimates for future Integrated Electricity Plans 
� Providing input for load forecasts 
� Developing new capacity programs to meet the needs of the British Columbia 

Transmission Corporation (BCTC) and BC Hydro Distribution Planning 
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1.2 SCOPE AND ORGANIZATION  
 
The scope of CPR 2007 is expanded from CPR 2002. It covers a 20-year study period, rather 
than the 15-year time frame used in the previous CPR. It expanded its sector coverage to include 
street lighting in addition to the three core sectors (Residential, Commercial and Industrial). The 
CPR 2007 encompasses current and emerging electrical efficiency technologies or measures that 
are expected to be commercially viable by the year 2011. It also considers behavioural and 
lifestyle changes, customer-supplied renewable energies in the Residential and Commercial 
sectors, and fuel switching to natural gas.  
 
While the scope of the CPR is expanded, as with any study there are limitations to the scope. For 
example, the study did not include supply-side efficiency improvements within BC Hydro and 
BCTC’s systems and savings from emerging technologies beyond 2011 or step-changes in 
energy-efficient technologies. In addition, electricity savings from lifestyle changes were not 
included in the combined Upper Achievable Potential but could contribute substantially to 
meeting the BC Energy Plan target. 
 
The CPR 2007 has been organized into five Analysis Areas. The results are presented in 11 
individual reports. Exhibit 1.1 provides an overview of each Analysis Area. 

 
Exhibit 1.1: Overview of CPR 2007 Organization – Analysis Areas and Reports 

 

CPR 2007 Analysis Areas

CPR 2007 Reports

Behaviour 
Report (5)

Commercial Sector 
Report (2)

Residential Sector 
Report (1)

Analysis Area 1
Energy Efficiency & Peak Load 

Technologies and O & M

Analysis Area 2 
Customer Supplied 

Renewable Energies

Analysis Area 3
Behaviour

Analysis Area 4
Lifestyle

Analysis Area 5
Fuel Switching

Customer Supplied 
Renewable Energies 

Report (4)

Lifestyle
 Report (7)

Industrial Sector 
Report (3)

Residential Sector 
Report (8)

Commercial Sector 
Report (9)

Industrial Sector 
Report (10)

Combined Energy 
Savings Potential 

Report (6)
 - Combined Results -

Summary Report (11)
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� Analysis Area 1 – Energy Efficiency and Peak Load Technologies and O&M 
 
This area of the CPR 2007 assesses electricity and peak load reduction opportunities that could 
be provided by electrical efficiency and peak load reduction technologies that are expected to be 
commercially viable by the year 2011; operation and maintenance (O&M) practices are also 
addressed. The Analysis Area also includes an assessment of the potential impacts of emerging 
technologies in the latter portion of the study period. The results of this Analysis Area are 
presented in three individual sector reports. In addition, as shown in Exhibit 1.2, the Analysis 
Area 1 results are included in a set of combined results that also include their potential impacts 
when combined with the results of Analysis Areas 2 and 3. 
 
� Analysis Area 2 – Customer Supplied Renewable Energies 
 
This area of the CPR 2007 assesses electricity and peak load reduction opportunities that could 
be provided by customer supplied renewable energies. The results of this Analysis Area are 
presented in a single report. In addition, as shown in Exhibit 1.2, the Analysis Area 2 results are 
included in a set of combined results that also include their potential impacts when combined 
with the results of Analysis Areas 1 and 3. 
 
� Analysis Area 3 – Behaviour 
 
This area of the CPR 2007 assesses electricity and peak load reduction opportunities that could 
be provided by the actions of customers who habitually save energy within their daily routines. 
In addition, as shown in Exhibit 1.2, the Analysis Area 3 results are included in a set of 
combined results that also include their potential impacts when combined with the results of 
Analysis Areas 1 and 2. 
 
� Analysis Area 4 – Lifestyle 
 
This area of the CPR 2007 assesses electricity and peak load reduction opportunities that could 
be provided by customer choices related to the energy consuming systems that they purchase or 
use, e.g., purchasing a refrigerator that is not only efficient but also smaller in size. As shown in 
Exhibit 1.2, the Analysis Area 4 results are contained in separate, stand-alone report. 
 
� Analysis Area 5 – Fuel Switching 
 
This area of the CPR 2007 assesses electricity and peak load reduction opportunities that could 
be provided by switching selected end uses, such as space or water heating, from electricity to 
natural gas. As shown in Exhibit 1.2, the Analysis Area 5 results are contained in separate, stand-
alone report. 
 
1.3 APPROACH 
 
Exhibit 1.2 summarizes the major steps involved in the analysis. They are defined and discussed 
in the following paragraphs. As illustrated, the results of CPR 2007, and in particular the 
estimation of Achievable Potential, support on-going DSM planning and management. However, 
the estimates of Achievable Potential are not DSM targets. Rather, they inform the selection and 
design of DSM initiatives, along with other inputs.  
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Exhibit 1.2: Study Approach – Major Analytical Steps 

Base Year Calibration

Reference Case

Technology Assessment

Capacity Impacts

Achievable Potential

Economic Potential

Detailed Program Design

DSM Targets

2007 CPR Study

On-going DSM Planning

 
1.4 THIS REPORT 
 
This report presents the results of Analysis Area 1 for BC Hydro’s Residential sector customers 
(Report 1 in Exhibit 1.2, above). The remainder of this section provides: 
 
� Scope of technologies and measures addressed in this report  
� Definitions of key terms that are used throughout this report 
� An overview of the steps employed in completing Analysis Area 1 
� A description of the models used in the completing the Residential sector portion of 

Analysis Area 1 
� Report presentation. 
 
1.4.1 Scope of Technologies and Measures Addressed in this Report 
 

This report addresses all commercially available electric energy-efficiency and peak load 
reduction measures that are applicable to B.C.’s Residential sector. It also provides an 
overview of emerging technologies that have the potential to affect residential electricity 
consumption in later periods of this study. The specific measures are listed in a series of 
exhibits contained in the main body of the report: Exhibit 6.1 (Electrical Efficiency 
Technologies), Exhibit 8.2 (Peak Load Reduction Measures), and Exhibit 10.1 (Emerging 
Technologies). 

 
1.4.2 Definitions – Analysis Area 1 
 

The CPR 2007 uses numerous terms that are unique to analyses such as this one and 
consequently it is important to ensure that readers have a clear understanding of what 
each term means when applied to this study. A brief description of some of the most 
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important terms is included below and the reader is also referred to the Glossary of 
Terms, found in Section 13 of this report.  

 
Base Year Electric 
Energy Calibration 

The Base Year is the starting point for the analysis. It provides a 
detailed description of “where” and “how” electrical energy is 
currently used in the existing Residential sector building stock. 
Building electricity use simulations were undertaken for each of 
the major dwelling types and calibrated to actual BC Hydro 
customer billing data for the Base Year.  
 

Base Year Electric 
Peak Load Profile 
 

Electric peak load profiles refer to specific time periods 
throughout the year when BC Hydro’s generation, transmission 
and distribution system experiences particularly high levels of 
electricity demand. These periods are of particular interest to BC 
Hydro system planners; improved management of electricity 
demand during these peak periods may enable deferral of costly 
system expansion. This study addresses four specific peak 
periods, as outlined in the main text.  
 

Reference Case 
Electric Energy Use 
(includes Natural 
Conservation) 

The Reference Case Electric Energy Use estimates the expected 
level of electrical energy consumption that would occur over the 
study period in the absence of new (post F2006) DSM initiatives. 
It provides the point of comparison for the subsequent calculation 
of “Economic” and “Achievable” electrical energy potentials. 
Creation of the Reference Case required the development of 
detailed profiles for new buildings in each of the dwelling types, 
estimation of the expected growth in building stock and 
appliances, and, finally an estimation of “natural” changes 
affecting electricity consumption over the study period. The 
Reference Case aligns well with BC Hydro’s December 2006 load 
forecast, which also incorporates “natural conservation” but no 
new DSM initiatives. 

 
Reference Case 
Electric Peak Load 
Profile 

The Reference Case Peak Load Profile estimates the expected 
electric peak loads in each of the four defined peak periods over 
the study period in the absence of new (post F2006) DSM 
initiatives. It provides the point of comparison for the subsequent 
calculation of “Economic” and “Achievable” potentials for peak 
load reduction. 
 

The Cost of 
Conserved Energy 
(CCE) 

The CCE is calculated for each energy-efficiency measure and 
O&M practice. The CCE is the annualized incremental capital 
and O&M cost of the upgrade measure divided by the annual 
savings achieved, excluding any administrative or program costs. 
The CCE represents the cost of conserving one kWh of 
electricity; it can be compared directly to the cost of supplying 
one new kWh of electricity. 
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Energy-Efficiency 
Measures 
 

Energy-efficiency measures were identified that met the criteria, 
as outlined in Section 1.4.1. Technology cost and performance 
data were compiled relative to the baseline technology; as 
applicable, “market mature” product prices were estimated for 
new technologies currently entering the market. The CCE was 
then calculated for each energy-efficiency measure.  
 

The Cost of Electric 
Peak Reduction 
(CEPR) 
 

The CEPR for a peak load reduction measure is defined as the 
annualized incremental capital and O&M cost of the measure 
divided by the annual peak reduction achieved, excluding any 
administrative or program costs. The CEPR represents the cost of 
reducing one kW of electricity during a peak period; it can be 
compared to the cost of supplying one new kW of electric 
capacity during the same period. 
 

Electric Capacity-
Only Peak Load 
Reduction Measures 

Capacity-only measures are technologies or activities that result 
in the shifting of certain electrical loads from periods of peak 
system demand to periods of lower system demand. 
 
For all measures contained within the scope of this study, 
technology cost and performance data are compiled relative to the 
base line technology; as applicable, “market mature” product 
prices were estimated for new technologies currently entering the 
market.  

 
Economic Potential 
Electric Energy 
Forecast 

The Economic Potential Electric Energy Forecast is the level of 
electricity consumption that would occur if all equipment and 
building envelopes were upgraded to the level that is cost 
effective against the future avoided cost of electricity in the BC 
Hydro service area (for the CPR 2007, this was set at 
$0.13/kWh). All the electric energy-efficient upgrades included 
in the technology assessment that had a CCE equal to, or less 
than, the avoided cost of new electricity supply ($0.13/kWh) 
were incorporated into the Economic Potential forecast. 
 

Economic Potential 
Electric Peak Load 
forecast 

The Economic Potential Electric Peak Load Forecast is the 
expected electric peak loads that would occur in each of the 
four defined peak periods if all peak load reduction measures 
that are cost effective against the future avoided cost of new 
capacity in the BC Hydro service area were fully implemented.  
For the CPR 2007, this value was set at $170/kW/yr. 
 

Emerging 
Technologies 
 

Emerging technologies, as defined in this study, refers to 
interesting new initiatives occurring today throughout North 
America and Europe that have the potential to significantly 
change future energy use patterns and consumption levels. In 
most cases, these initiatives tend to apply an approach that 
emphasizes the overall energy using system rather than a series 
of isolated parts.  
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It is difficult to confidently predict today which new 
technologies or approaches may become commercially viable 
over the next 10 to 15 years and to predict their potential effect 
on B.C.’s electricity use in the latter portions of the study 
period. However, this study provides a scan of selected major 
new developments, together with a “high level” indication of 
their potential future impact on electricity use. 
 

Achievable Potential The Achievable Potential is the proportion of the savings 
identified in the Economic Potential forecast that could 
realistically be achieved within the study period. Achievable 
Potential recognizes that it is difficult to induce customers to 
purchase and install all the electrical efficiency technologies 
that meet the criteria defined by the Economic Potential 
forecast. The results are presented as a range, defined as 
“upper” and “lower”.  
 
Estimates provided were developed in collaboration with DSM 
program personnel, External Review Panel members and 
industry experts. They are based on a combination of empirical 
results from earlier DSM initiatives, results in other 
jurisdictions and a qualitative assessment of current market and 
customer receptivity to electrical efficiency investments. The 
range of estimates also recognizes that in addition to factors 
within BC Hydro’s control (e.g., program design), factors 
external to the utility (e.g., state of economy, Kyoto 
implications, etc.) could significantly influence the Achievable 
Potential. 
 

1.4.3 Overview of Approach to Analysis Area 1 
 

To meet the objectives outlined above, the study was conducted within a highly iterative 
process that involved a number of well-defined steps. At the completion of each step, the 
client reviewed the results and, as applicable, revisions were identified and incorporated 
into the interim results. The study then progressed to the next step. A summary of the 
steps is presented below. 
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Step 1: Develop Base Year Electric Energy and Peak Load Calibration Using Actual BC 
Hydro Billing Data 
� Compile and analyze available data on B.C.’s existing building stock.  
� Develop detailed technical descriptions of the existing building stock. 
� Undertake computer simulations of electricity use in each building type and compare 

these with actual building billing and audit data. 
� Compile actual BC Hydro billing data. 
� Create sector model inputs and generate results. 
� Calibrate sector model results using actual utility billing data. 
� Use end-use load shape data to convert electric energy use to electric demand in each 

selected peak period 
 

Step 2: Develop Reference Case Electric Energy Use and Peak Load Profile 
� Compile and analyze building design, equipment and operations data and develop 

detailed technical descriptions of the new building stock.  
� Develop computer simulations of electricity use in each new building type. 
� Compile data on forecast levels of building stock growth and “natural” changes in 

equipment efficiency levels and/or practices. 
� Define sector model inputs and create forecasts of electricity use for each of the 

milestone years. 
� Compare sector model results with BC Hydro’s “basic” forecast for the study period.  
� Use end-use load shape data to convert electric energy use to electric demand in each 

selected peak period over the study period. 
 
Step 3: Identify and Assess Efficiency and Peak Load Reduction Measures 

� Develop list of electrical efficiency upgrades and peak load reduction measures. 
� Compile detailed cost and performance data for each measure. 
� For energy efficiency measures, identify the baseline technologies employed in the 

Reference Case, develop energy efficiency upgrade options and associated electricity 
savings for each option, and determine the Cost of Conserved Energy (CCE) for each 
upgrade option. 

� For each peak load reduction measure, identify the affected end use, the potential load 
reduction or off-peak shifting and determine the Cost of Electric Peak Reduction 
(CEPR). 

 
Step 4: Estimate “Unbundled” Electric Energy and Peak Load Reduction Potential 

� Apply the most energy-efficient measures from Step 3, regardless of cost, within the 
energy use simulation model developed previously for the Reference Case. 

� Determine annual “unbundled”4 electricity savings in each building type and end use 
when the most efficient measures are employed.  

� Based on the above results, prepare summary tables that show the amount of potential 
electricity savings provided by each measure and at what cost ($/kWh). Organize the 
same data into a “supply curve” that shows the same results graphically. 

� Apply each peak load reduction measure to the affected end use, regardless of cost, 
and determine total peak reduction. 

                                                 
 
4
 “Unbundled” means that no attempt has been made at this point to account for the fact that some double counting of measure 

impacts may be present. 
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� Based on the above results, prepare summary tables that show the amount of potential 
peak load reduction provided by each measure and at what cost ($/kW/yr). Organize 
the same data into a “supply curve” that shows the same results graphically. 

 
Step 5: Estimate Economic Electric Energy Savings Potential 

� Compile utility economic data on the forecast cost of new electricity generation; a 
cost of $0.13/kWh was selected as the economic screen.  

� Screen the identified energy efficiency upgrade options from Step 3 against the utility 
economic data. 

� Identify the combinations of energy efficiency upgrade options and building types 
where the cost of saving one kilowatt of electricity is equal to, or less than, the cost of 
new electricity generation. 

� Apply the economically attractive electrical efficiency measures from Step 3 within 
the energy use simulation model developed previously for the Reference Case. 

� Determine annual electricity consumption in each building type and end use when the 
economic efficiency measures are employed. 

� Compare the electricity consumption levels when all economic efficiency measures 
are used with the Reference Case consumption levels and calculate the electricity 
savings.  

 
Step 6: Estimate Economic Electric Peak Load Reduction Potential  

� Compile utility economic data on the forecast cost of new electricity capacity; a cost 
of $170/kW/yr was selected as the economic screen.  

� Screen the identified peak load reduction measures from Step 3 against the utility 
economic data. 

� Identify the measures where the cost of reducing one kilowatt of demand is equal to, 
or less than, the cost of new electric capacity. 

� Determine the aggregate level of peak load reduction provided by the economic 
measures.  

 
Step 7: Estimate Achievable Potential Electric Energy and Peak Load Savings 

� “Bundle” the electric energy and peak load reduction opportunities identified in the 
Economic Potential forecasts into a set of opportunities. 

� For each of the identified opportunities, create an Opportunity Profile that provides a 
“high-level” implementation framework, including measure description, cost and 
savings profile, target subsectors, potential delivery allies, barriers and possible 
synergies.  

� Review historical achievable program results and prepare preliminary Assessment 
Worksheets. 

� Conduct a full-day workshop involving the consultant team, technical experts, 
members of the External Review Panel, and DSM program personnel to reach general 
agreement on Upper and Lower range of Achievable Potential 
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1.4.4 Analytical Models 
 

The analysis of the Residential sector employed two linked modelling platforms: 
 

� HOT2000, a commercially supported, residential building energy-use simulation 
software  

� RSEEM (Residential Sector Energy End-use Model), a Marbek in-house spreadsheet-
based macro model 

 
HOT2000 was used to define household heating, cooling and domestic hot water (DHW) 
electricity use for each of the residential building archetypes. HOT2000 uses state-of-the-
art heat loss/gain and system modelling algorithms to calculate household electricity use. 
It addresses: 

 
� Electric, natural gas, oil, propane and wood space heating systems 
� DHW systems from conventional to high-efficiency condensing systems 
� The interaction effect between space heating appliances and non-space heating 

appliances, such as lights and refrigerators 
 

The outputs from HOT2000 provide the space heating/cooling energy-use intensity (EUI) 
inputs for the Thermal Archetype module of RSEEM.  

 
RSEEM consists of three modules:  

 
� A General Parameters module that contains general sector data (e.g., number of 

dwellings, growth rates, etc.) 
� A Thermal Archetype module, as noted above, which contains data on the heating 

and cooling loads in each archetype  
� An Appliance Module that contains data on appliance saturation levels, fuel shares, 

unit electricity use, etc.  
 

RSEEM combines the data from each of the modules and provides total use of electricity 
by service region, dwelling type and end use. RSEEM also enables the analyst to estimate 
the impacts of the electrical efficiency measures on the utility’s on-peak system demand. 
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1.4.5 Report Presentation 
 

The remainder of this report is organized as follows: 
 

� Section 2 presents a profile of Residential sector Base Year electric energy use in 
British Columbia, including a discussion of the major steps involved and the data 
sources employed. 

 
� Section 3 presents a profile of Residential sector Base Year electric peak load, 

including the definition of peak periods that are included in this study and the 
methodology employed. 

 
� Section 4 presents a profile of Residential sector Reference Case electric energy use 

in British Columbia, including a discussion of the major steps involved. 
 

� Section 5 presents a profile of Residential sector Reference Case electric peak loads. 
 

� Section 6 identifies and assesses the economic attractiveness of the selected energy 
efficiency technology measures for the Residential sector. 

 
� Section 7 presents the Residential sector Economic Potential electric energy forecast 

for the study period F2006 to F2026. 
 

� Section 8 identifies and assesses the economic attractiveness of selected Residential 
sector electric capacity-only peak load reduction measures, which in this study are 
defined as those measures that affect electric peak but have minimal or no impact on 
daily, seasonal or annual energy use.  

 
� Section 9 presents the Residential sector Economic Potential capacity forecast for the 

study period F2006 to F2026.  
 

� Section 10 identifies and briefly discusses selected emerging technologies and 
developments affecting the Residential sector built environment that have the 
potential to significantly affect BC Hydro’s longer-term generation and distribution 
requirements.  

 
� Section 11 presents the estimated Upper and Lower Achievable Potential for electric 

energy savings for the study period F2006 to F2026.  
 

� Section 12 presents the estimated Upper and Lower Achievable Potential for electric 
peak load reductions for the study period F2006 to F2026.  

 
� Section 13 lists sources and references. 

 
� Section 14 is the Glossary.  
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2. BASE YEAR (F2006) ELECTRIC ENERGY USE 
 
2.1 INTRODUCTION 
 
This section provides a profile of Base Year (F2006) electric energy use in the Residential sector 
within BC Hydro’s service area. The discussion is organized into the following subsections: 
 
� Segmentation of Base Year housing stock  
� Definition of end uses  
� Estimation of net space heating loads 
� Development of thermal archetypes 
� Annual appliance electricity use 
� Appliance saturation 
� Electricity fuel share 
� Average electricity use per unit 
� Summary of model results  
� Comparison to BC Hydro billing data. 
 
2.2 SEGMENTATION OF BASE YEAR HOUSING STOCK 
 
The first major task in developing the Base Year electricity calibration involved the 
segmentation of the residential building stock on the basis of four factors: 
 
� Dwelling type 
� Service region 
� Vintage 
� Heating category (electrically heated versus non-electrically heated). 
 
The dwelling types used in this analysis are the same as in the previous CPR, with two 
exceptions: the non-electrically heated houses (both detached/duplex and row) have been divided 
into two vintages, and First Nations housing units are now addressed separately.  
 
The additional division of non-electrically heated houses has been made because the recent CPR 
study undertaken for Terasen Gas5 permitted the consultant team to develop data at this more 
detailed level. The added detail will improve the analysis, particularly for the Fuel Switching 
analysis portion of this study. 
 
It was originally planned that the First Nations housing would be broken out separately in 
response to a request from the External Review Panel (ERP). Unfortunately, at this time the 
available data are not sufficient to quantify differences in energy consumption between First 
Nations housing and other housing in British Columbia. Accordingly, for this study the First 
Nations housing is shown as part of the Single-family Detached/Duplex group. 
 

                                                 
 
5
 Marbek Resource Consultants Ltd., Terasen Gas Conservation Potential Review, April 2006. 
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The dwelling types used in this study are: 
 
� Single-family detached/duplex (including all detached single-family dwellings and 

duplexes) 
� Row (including all row houses and townhouses) 
� Low-rise apartment (four storeys, or fewer) 
� High-rise apartment (five storeys or more) 
� Mobile/other 
 
BC Hydro customer billing data was used to develop a breakdown of the Residential sector into 
the above dwelling types. The same customer data was also used to further divide the total 
population of each dwelling type by service region, vintage6 and primary heating type. A 
summary is provided in Exhibit 2.1 and highlights are presented below:  
 
� BC Hydro currently services about 1.5 million residential dwelling units.7  
 
� Approximately 58% of the residential units are single-family or duplex, followed by 15% 

high-rise apartment units, 11% low-rise and 9% row units. The remaining percentage 
(7%) is made up of mobile homes and other miscellaneous housing units.  

 
� Approximately 58% of BC Hydro’s residential customers are in the Lower Mainland 

region, 21% are in the Vancouver Island region, 12% are in the Southern Interior region 
and 9% are in the Northern Region. 

 
� Electricity is the primary space heating fuel in approximately 36% of the provincial 

housing stock. However, in the Vancouver Island region, electric space heating serves 
51% of the stock. The Northern Region has the lowest percentage of electric space 
heating at 27% of all dwellings.8 

 
Estimating the number of dwelling units shown in Exhibit 2.1 was relatively straightforward for 
single, row and mobile homes, as BC Hydro customer account data correspond quite well to the 
number of units. However, estimating the number of apartment units is more difficult, as there 
are a significant number of “single-meter” apartment buildings. 
 
The challenges posed by the single-metered apartment buildings were also encountered during 
the CPR 2002. In response to this challenge, BC Hydro has undertaken extensive research work 
in the interim period related to apartment buildings. They have identified most of the apartment 
buildings in the province, even the approximately 250 with single meters, and have established 
suite counts, heating types, air conditioning codes, and common area consumption information 

                                                 
 
6
 Accurate estimates of vintage are not available. Those provided are based primarily on billing data with confirmation from the 

Residential End-Use Survey (REUS). Dates in the BC Hydro billing data are based on the installation date of the electricity 
meter, not construction dates, leading to possible underestimation of the age of homes.  
7
 In this study, dwelling units are defined on the basis of BC Hydro customer account data; minor variations may exist with other 

housing data sources. 
8
 There are some shifts in the distribution of dwellings between “electric” and “non-electric” heating relative to the CPR 2002. 

These are the result of additional conditional demand analysis of customer sales data undertaken by BC Hydro. 



BC Hydro Conservation Potential Review 2007  –Residential Sector– 

Marbek Resource Consultants Ltd.  Page 14 

for these locations. Similarly, the BC Hydro research efforts have also identified high-rise and 
low-rise apartments separately.9  

 
Exhibit 2.1: Existing Residential Units for Total BC Hydro Service Area by Dwelling 

Type, Vintage and Primary Heating Source, F2006 

Lower 
Mainland

Vancouver 
Island

Southern 
Interior

Northern 
Region

Total

Single-family/Duplex Dwelling, Pre 1976, Electric Heating 20,440 24,385 6,883 6,051 57,759

Single-family/Duplex Dwelling, Post 1976, Electric Heating 46,883 80,053 13,506 11,699 152,141

Single-family/Duplex Dwelling, Pre 1976, Non-Electric Heating 116,928 35,508 30,062 24,323 206,821

Single-family/Duplex Dwelling, Post 1976, Non-Electric Heating 258,440 58,502 57,134 46,136 420,212

Row, Pre 1976, Electric Heating 5,065 2,763 1,685 729 10,242

Row, Post 1976, Electric Heating 55,819 11,951 5,185 907 73,862

Row, Pre 1976, Non-Electric Heating 6,569 826 1,127 556 9,078

Row, Post 1976, Non-Electric Heating 29,142 3,815 3,661 1,417 38,035

First Nations, Electric Heat 305 662 707 524 2,198

First Nations, Non-Electric Heat 1,363 499 1,584 780 4,226

Low-rise Apartment Units, Electric Heating, Suite 41,311 23,066 7,608 7,526 79,511

Low-rise Apartment Units, Non-electric Heating, Suite 62,266 11,242 4,332 4,349 82,189

High-rise Apartment Units, Electric Heating, Suite 86,518 16,991 5,543 2,694 111,746

High-rise Apartment Units, Non-electric Heating, Suite 88,532 12,985 2,151 889 104,557

Mobile, Electric Heating 12,723 13,681 9,816 5,094 41,314

Mobile, Non-electric Heating 12,597 15,056 21,155 20,483 69,291

Subtotal 844,900 311,985 172,140 134,157 1,463,182

Dwelling Type
Units

 
Source: BC Hydro customer billing data. 
Note: Any differences in totals are due to rounding. 

 
2.3 DEFINITION OF END USES 
 
Electricity use within each of the dwelling types noted above is further defined on the basis of 
specific end uses. In this study, an end use is defined as, “the final application or final use to 
which energy is applied. End uses are the services of economic value to the users of energy.”10  
 
A summary of the major Residential sector end uses used in this study is provided in Exhibit 2.2, 
together with a brief description of each. 
 

                                                 
 
9
 Some data gaps continue to exist as there are apartment units that do not fall into either category. For example, some apartment 

suites are part of mixed buildings (i.e., with commercial space). Similarly, some suites look like isolated sets of one to three units, 
which should belong to some commercial building, but the address of that building is slightly different so the small group of 
suites has not been connected to it. 
10

See Glossary in Section 14.  
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Exhibit 2.2: Residential Electric End Uses 

 
 
2.4 ESTIMATION OF NET SPACE HEATING AND COOLING LOA DS  
 

The net space heating and cooling loads for each combination of dwelling type and service 
region were developed based on the following combination of data sources: 
 
� BC Hydro’s Conditional Demand Analysis of Residential Energy Consumption11 
� BC Hydro’s 2006 Residential End-use Study 12 
� Customer sales data contained in the Terasen Gas CPR study13  
� B.C. EnerGuide for Houses database 
� Current sales data for BC Hydro, combined with knowledge of the energy consumption 

and saturation of other end uses 
 
Further discussion is provided below. 
 

                                                 
 
11

 BC Hydro Power Smart, Conditional Demand Analysis of Residential Energy Consumption (CDA), May 29, 2006. 
12

 BC Hydro Power Smart Evaluation, 2006 Residential End-Use Study (REUS), August 2006. 
13

 Marbek Resource Consultants Ltd., Terasen Gas Conservation Potential Review, April 2006. 

End Use Description 
Space heating All space heating, including both central heating and supplementary heating. 

Also includes fireplaces, electric, natural gas and wood 
Space cooling All space cooling, including both central air conditioning (AC) and room or 

portable AC 
Ventilation Primarily the furnace fan, but also includes the fan in heat recovery 

ventilators as well as kitchen and bathroom fans 
Domestic Hot Water (DHW) Heating of water for domestic hot water (DHW) use. Does not include 

hydronic space heating 
Cooking Includes ranges, separate ovens and cook tops and microwave ovens 
Refrigerator  
Freezer  
Dishwasher  
Clothes washer  
Clothes dryer  
Lighting Includes interior, exterior and holiday lighting 
Computer and peripherals Printers, scanners, modems, faxes, PDA and cell phone chargers 
Television  
Television peripherals Set-topes, including digital cable converters and satellite converters  
Other electronics Stereos, DVD players, VCRs, boom boxes, radios, video gaming systems, 

security systems  
Swimming pools and spas  
Elevators Also includes stair lifts  
Small Appliance and Other  There are hundreds of additional items within this category, each accounting 

for a fraction of a percent of household energy use, e.g., hair dryer, 
doorbells, garage door openers, block heaters, home medical equipment, 
electric lawnmowers, etc. 
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2.4.1 Net Space Heating Loads 
 

Net space heating load is the space heating load of a building that must be met by the 
space heating system, including both the primary heating appliance and any auxiliary 
heating. This is equal to the total heat loss through the building envelope minus solar and 
internal gains.  
 
The net space heating load for each dwelling type is given by the following equation: 
 
NetHL1 = HL1 + ai,1

 * si,1 
 
Where:  NetHL1 = Net heating load for Dwelling Type 1 
HL1 = Load on primary heating appliance for Dwelling Type 1 
ai,1 = Average consumption for supplementary heating in Dwelling Type 1 
si,1 = Saturation of supplementary heating in Dwelling Type 1 

 
2.4.2 Net Space Cooling Loads 
 

Net space cooling load is the space cooling load of a building that must be met by the air 
conditioning system, including both central air and any cooling for individual rooms. Net 
space cooling load is equal to the total heat gains through the building envelope as well as 
those from solar and internal gains, minus the building heat loss during the cooling 
season.14  
 
The net space cooling values for each dwelling type and service region were calculated in 
a similar manner as for the space heating load calculation. Some B.C. homes also have 
room air conditioners; this study assumes room air conditioners are used only in homes 
without central air conditioning.  

 
2.4.3 Results 
 

The net space heating and cooling loads are presented in Exhibit 2.3 by dwelling type and 
service region. In general, these space heating loads remain consistent with the results of 
the previous CPR. However, there are a few refinements and observations that warrant 
mention: 
 
Recent analysis of customer sales data show that electric space heating loads in post-1976 
dwellings are closer to those for pre-1976 dwellings than was estimated in the earlier 
CPR. Consequently, electric space heating loads in post-1976 dwellings have been 
moderately increased. 
 
It is recognized that the reported differences in space heating loads for electrically and 
non-electrically heated dwellings appears to be too large, particularly in Lower Mainland. 
This apparent inconsistency has been noted in previous B.C. analyses, but efforts to date 
have not reconciled the issue. The values shown in Exhibit 2.3 for electric and non-

                                                 
 
14

 The net space cooling load is relatively modest in most of BC Hydro’s service area, except in the Southern Interior. As a 
result, in previous BC Hydro CPR studies space cooling was included within the “Other” category.  
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electric (primarily natural gas) space heating are both derived from actual sales data 
provided by, respectively, BC Hydro and Terasen Gas. Additional data collection and 
analysis has been initiated, but reconciliation of this issue is beyond the scope of this 
CPR. Since this portion of the CPR focuses on energy efficiency as it affects electricity 
consumption, and the models are carefully calibrated to actual electrical sales data, this 
discrepancy will have little effect on the results. It will have a more significant impact on 
the analysis of the potential for fuel switching, later in the study. It is likely that the 
additional data collection and analysis will provide some insights into the issue by that 
time. 
 
Space heating loads in high-rise apartment units, especially in the Lower Mainland and 
Vancouver Island regions and to a lesser extent in the Southern Interior and Northern 
regions, are lower than corresponding units in low-rise apartments. It is assumed that the 
combination of less exterior wall area per suite in high-rise apartments and greater 
contribution from the make-up air units accounts for most of this difference.  
 
Non-electric (primarily natural gas) space heating values are expressed as kilowatt hours 
(kWh) to enable easier comparison among fuel types (1GJ = 278 kWh). The tertiary load 
numbers for non-electrically heated homes are taken from the unit energy consumption 
(UEC) values developed for the Terasen Gas CPR 2006, converted to net space heating 
load using an assumed average efficiency of 80%. 
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Exhibit 2.3: Net Space Heating and Cooling Loads for Existing Residential Units, by Dwelling Type, F2006 (kWh/yr)15 
 

Space 
Heating

Space 
Cooling

Space 
Heating

Space 
Cooling

Space 
Heating

Space 
Cooling

Space 
Heating

Space 
Cooling

Single-family/Duplex Dwelling, Pre 1976, Electric Heating 13,105 576 12,466 301 11,934 2,778 13,250 264
Single-family/Duplex Dwelling, Post 1976, Electric Heating 12,391 464 12,042 246 11,402 2,350 12,942 224
Single-family/Duplex Dwelling, Pre 1976, Non-Electric Heating 21,174 552 18,844 278 17,422 2,597 18,253 247
Single-family/Duplex Dwelling, Post 1976, Non-Electric Heating 17,058 552 15,378 278 14,733 2,597 15,503 247
Row, Pre 1976, Electric Heating 5,762 247 5,359 140 5,230 1,202 6,673 114
Row, Post 1976, Electric Heating 5,108 201 5,334 115 4,769 1,065 4,990 101
Row, Pre 1976, Non-Electric Heating 10,860 300 8,400 165 9,089 1,385 10,117 132
Row, Post 1976, Non-Electric Heating 8,820 300 6,867 165 8,067 1,385 9,060 132
First Nations, Electric Heat 13,105 576 16,877 301 16,877 2,778 16,877 264
First Nations, Non-Electric Heat 21,174 552 18,844 278 17,422 2,597 18,253 247
Low-rise Apartment Units, Electric Heating, Suite 3,080 122 2,970 68 3,000 577 3,300 55
Low-rise Apartment Units, Electric Heating, Common Areas 17,259 684 22,702 519 16,182 3,112 16,459 274
Low-rise Apartment Units, Non-electric Heating, Suite 3,080 122 2,970 69 3,000 577 3,300 55
Low-rise Apartment Units, Non-electric Heating, Common Areas 28,956 1,147 29,690 691 16,878 3,246 16,016 266
High-rise Apartment Units, Electric Heating, Suite 1,890 118 1,820 65 2,200 529 3,025 50
High-rise Apartment Units, Electric Heating, Common Areas 200,259 12,470 74,436 2,673 118,489 28,487 122,156 2,032
High-rise Apartment Units, Non-electric Heating, Suite 1,890 118 1,820 68 2,200 529 3,025 50
High-rise Apartment Units, Non-electric Heating, Common Areas 166,295 10,355 99,293 3,703 115,458 27,758 133,611 2,223
Mobile, Electric Heating 7,094 305 7,124 176 6,341 1,627 7,078 155
Mobile, Non-electric Heating 14,844 305 10,844 176 9,228 1,627 10,319 155

Northern Region
Dwelling Type

Lower Mainland Vancouver Island Southern Interior

 
Note: The figures in this table represent estimated “tertiary loads” for space heating and cooling. In other words, this is the estimated energy required to meet the net space heating 
and cooling loads for these dwellings, regardless of the fuel used. Most homes in British Columbia heat with a mix of fuels. In these cases, the average electricity used for heating 
in a given dwelling type is added to the average energy from other fuels multiplied by an assumed efficiency for combustion. Figures for consumption of natural gas for space 
heating come from the load research of Terasen Gas. The space cooling figures do not account for the saturation of cooling in BC dwellings. To arrive at an average cooling 
electricity consumption per dwelling, these figures would have to be multiplied by the percentage of dwellings with air conditioning. 

                                                 
 
15

 See notes listed in Section 2.4.3.  
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2.5 DEVELOPMENT OF THERMAL ARCHETYPES – EXISTING ST OCK 
 
The next major step involved the development of a thermal archetype for each of the dwelling 
types using HOT2000. Each HOT2000 file contains a comprehensive physical description of the 
size, layout and thermal characteristics of each dwelling type. HOT2000 then uses these inputs to 
create a full computer model of the residence, calculating loads, interactive effects and energy 
consumption. In each case, the net heating and cooling loads simulated by HOT2000 were 
calibrated to the values shown in Exhibit 2.3, which had been established on the basis of the 
sources described above. The process of calibrating simulation models to the loads estimated 
from available data served to further confirm the estimated loads. Adjustments were made to the 
estimates as required. 
 
The physical and operating characteristics of each residential thermal archetype were researched 
from a number of sources, including:  
 
� Database of EnerGuide for Houses evaluations in British Columbia 
� Building Check-up database 
� End-use data supplied by Sheltair 
� Audit and simulation studies of high- and low-rise apartment buildings conducted over 

time by the consultant team. 
 
A brief description of each thermal archetype is presented below. 
 
2.5.1 Single Family Dwellings 
 

In the Lower Mainland, the most common single-family dwelling (SFD) older than 1976 
is a 1.5 storey house with 214 m2 (2,303 ft2) of floor space, including a basement. This 
home has 23.1 m2 (249 ft2) of windows with about 61% single and 39% double glazing, 
mostly with metal frames. Walls are represented by RSI-1.8 (R-10)16 insulation values, 
ceilings RSI-3.5 (R-20), and the basement insulation value is RSI-1.1 (R-6) (all reflecting 
composites of different insulation values). The houses are typically not very airtight with 
about 10 air changes per hour (ac/h) at 50 Pascal (Pa) depressurization17. Typically, there 
is no central ventilation system (about 14% have central fan systems). 
 
The post-1976 homes are larger, typically a two-storey house of 251 m2 (2,700 ft2) with 
an uninsulated slab on grade or with a crawlspace foundation having RSI-1.1 (R-6) wall 
insulation. There are more windows, typically 28.1 m2 (302 ft2), with 88% of them 
double glazed, mostly metal frame. Insulation in post-1976 homes is improved compared 
to pre-1976 homes. Walls are represented by RSI-2.1 (R-12) insulation values, ceilings 
RSI-5 (R-28) (both reflecting composites of different insulation values). Air tightness is 

                                                 
 
16

 RSI stands for R-value Système International, the metric measure of thermal resistance which is given in units of ºK.m2/W. 
The imperial R-value (also given) is measured in units of ºF.hr·ft2 /BTU.  
17 The number of air changes per hour (ac/h) is tested using a standard pressure difference of 50 Pa between the inside and 
outside of the dwelling. This pressure difference allows any effects from outside wind conditions to be masked. The ac/h in a 
dwelling under normal living conditions will be lower than the number quoted under a standard test pressure.  
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somewhat improved with about 8 ac/h at 50 Pa depressurization. Typically there is no 
central ventilation system (about 24% have central fan systems).  
 
The houses are grouped into electrically-heated homes and non-electrically heated 
homes. In the homes with electric heat, heating is a combination of electric baseboard 
heaters (over 85%) and forced air furnaces, along with some heat pumps (less than 5%). 
The archetype uses baseboards for most of the heating load. The electrically-heated 
homes are slightly better insulated and slightly more airtight than the non-electrically 
heated homes. The non-electrically heated homes are heated primarily by natural gas 
forced air furnaces.  
 
Duplexes are also included in this category but account for only a small percentage 
relative to the single-family detached homes. The archetype is adjusted modestly 
downward in size to account for the inclusion of duplexes. 
 
There is some regional variation. Houses in the Northern Region are better insulated and 
more airtight. For example, the post-1976 houses typically have RSI-2.8 (R-14) in the 
walls (a composite of 2x4 RSI-2.1 (R-12) and 2x6 RSI-3.5 (R-20) walls) instead of the R-
2.1 (R-12) typically found in the Lower Mainland. Northern Region houses are typically 
more airtight with about 5 ac/h at 50 Pa depressurization for post-1976 houses. 
 
Houses in all three of the other regions are smaller, on average, than those in the Lower 
Mainland. Variation in such factors as the fraction of homes heated by electricity was 
reported in the BC Hydro 2006 Residential End-use Study (REUS), and is reflected in the 
house models for each region. 

 
2.5.2 Row Housing/Townhouses/Multifamily 
 

In the Lower Mainland, the most common row house older than 1976 is a two-storey unit 
with 155 m2 (1,668 ft2) of floor space, including a basement. This home has 19 m2 (204 
ft2) of windows with about 69% single and 31% double glazing, mostly with metal 
frames. Walls are represented by RSI-1.8 (R-10) insulation values, ceilings RSI-3.5 (R-
20), and the basement insulation value is RSI-1.1 (R-6) (all reflecting composites of 
different insulation values). The houses are typically not very airtight with about 10 ac/h 
at 50 Pa depressurization. Typically there is no central ventilation system. 
 
The post-1976 homes are larger, typically 167 m2 (1,793 ft2) of floor space with an 
uninsulated slab on grade. There are more windows, typically 22.7 m2 (244 ft2), mostly 
double glazed, with metal frames. Insulation in post-1976 homes is improved compared 
to pre-1976 homes. Walls are represented by RSI-2.1 (R-12) insulation values, ceilings 
RSI-5 (R-28) (both reflecting composites of different insulation values). Airtightness is 
somewhat improved with about 8 ac/h at 50 Pa depressurization. Typically there is no 
central ventilation system.  
 
The row houses are grouped into electrically-heated homes and non-electrically heated 
homes. In the homes with electric heat, heating is typically electric baseboard. The 
electrically-heated homes are slightly better insulated and slightly more airtight than the 
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non-electrically heated homes. The non-electrically heated homes are heated primarily by 
natural gas forced air furnaces.  
 
There is some regional variation. Houses in the Northern Region, particularly, are better 
insulated and more airtight. For example, the post-1976 houses typically have RSI-2.8 
(R-14) in the walls (a composite of 2x4 RSI-2.1 (R-12) and 2x6 RSI-3.5 (R-20) walls) 
instead of the RSI-2.1 (R-12) typically found in the Lower Mainland.  

 
Houses in all three of the other regions are smaller, on average, than those in the Lower 
Mainland. Variation in such factors as the fraction of homes heated by electricity was 
reported in the BC Hydro REUS, and is reflected in the house models for each region. 

 
2.5.3 High-rise Apartments 
 

As noted previously, BC Hydro data on apartment suites and numbers of buildings have 
been enhanced since the 2002 CPR, permitting a refinement in the characterization of 
high-rise buildings. The average building characteristics used to define all high-rise 
buildings in the Lower Mainland and Vancouver Island are as follows: 

 
� Average number of suites is 65 at 70 m²/suite (750 ft²/suite)  
� Average building size is 5,500 m² (59,000 ft²) (assumes 20% additional floor space 

for corridors). 
� Average footprint is 650 m² (7,000 ft²) (assumes 8 suites per floor, except first floor 

retail). 
� Average height is 9 stories. 
 
Walls are typically represented by RSI-1.6 (R-9) insulation values, roof RSI-3.1 (R-18), 
and windows have a U value of 3.75 W/m²·°C (0.66 Btu/hr·ft² ·°F). The window-to-wall 
ratio is typically 0.25.  

 
High-rise buildings in the Southern Interior and Northern Region are characterized as 
follows: 

 
� Average number of suites is 50 at 70 m²/suite (750 ft²/suite).  
� Average building size is 4,200m² (45,000 ft²) (assumes 20% additional floor space for 

corridors). 
� Average footprint is 650 m² (7,000 ft²) (assumes 8 suites per floor, except first floor 

retail). 
� Average height is 6 stories. 

 
Walls are typically represented by RSI-1.8 (R-10) insulation values, roof RSI-3.1 (R-18), 
and windows have a U value of 3.75 W/m²·°C (0.66 Btu/hr·ft² ·°F). The window-to-wall 
ratio is typically 0.25. 
 
The high-rise buildings are grouped into electrically-heated and non-electrically heated 
suites and corridors. Buildings classified as electrically heated may have some secondary 
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gas or other fuel heating in the suites, such as fireplaces.18 Use of supplemental non-
electric heating is more common in the Southern Interior and Northern regions. Non-
electrically heated buildings may have some electric baseboard heating, again most often 
found in suites.  

 
2.5.4 Low-rise Apartments 
 

The typical low-rise apartment building is very similar to a high rise in terms of thermal 
performance characteristics. The main difference is the size of the building. Individual 
suites are similar in size to those in high rises.  
 
The low-rise buildings are grouped into electrically-heated and non-electrically heated 
suites and corridors. Like high-rise buildings, the proportion of secondary heating in 
electrically-heated buildings tends to be higher in suites rather than corridors due to the 
use of gas fireplaces. Use of supplemental non-electric heating is more common in the 
Southern Interior and Northern Region. The presence of electric baseboard heating in 
suites of non-electrically heated buildings is more prevalent in low-rise buildings than in 
high-rise buildings. 

 
2.5.5 Mobile Homes 
 

The most common mobile home older than 1976 is 168 m2 (1,808 ft2) in size and has a 
crawlspace. Walls are RSI-1.8 (R-10) insulation, ceilings RSI-2.9 (R-16), and the floor 
insulation is RSI-1.1 (R-6) (all reflecting composites of different insulation values). The 
houses are typically not airtight with about 14 ac/h at 50 Pa depressurization. Typically 
there is no central ventilation system. 
 
The post-1976 homes are also 168 m2 (1,808 ft2) in size and have a crawlspace. Walls are 
RSI-2.1 (R-12), ceilings RSI-4.2 (R-25) and floor RSI-2.1 (R-12) (all reflecting 
composites of different insulation values). Airtightness is somewhat improved with about 
10 ac/h at 50 Pa depressurization. Typically there is no central ventilation system.  
 
The mobile homes are grouped into electrically-heated homes and non-electrically heated 
homes. In the homes with electric heat, heating is typically electric baseboard. The non-
electrically heated homes are heated primarily by natural gas forced air furnaces. 

 
2.6 ANNUAL APPLIANCE ELECTRICITY USE 
 
The next major task involved the development of estimated average annual unit electricity 
consumption (UEC) values for each of the major residential appliances.  
 
While most appliances have increased in efficiency over time there is no evident “improvement” 
in UECs for the single-family dwellings between homes built prior to 1976 and those built after 
1976. This is due to the fact that the age of the home does not correlate with the age of the 
appliance. Older homes likely have had major appliances replaced several times and newer 

                                                 
 
18

 The common areas of these electrically-heated apartments almost always have gas-fired make-up units. 
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homes can have old appliances transferred from previous residences. Lacking any definite 
relation between the age of the home and the age of an appliance, an average value for all in-
place appliances was used for all existing vintages. 
 
Exhibit 2.4 summarizes the estimated average annual UEC for major end-use appliances for the 
Lower Mainland. The values shown in Exhibit 2.4 apply to the current “stock mix” in the Lower 
Mainland. UECs vary slightly by service region, in some cases because of differences in 
occupancy rates. A brief discussion is provided below for each end-use appliance shown in 
Exhibit 2.4. Appendix A provides annual appliance UEC values for the other service regions. 
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Exhibit 2.4: Annual Appliance Electricity Use (UEC) for the Lower Mainland in F2006 (kWh/yr) 
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Single-family/Duplex Dwelling, Pre 1976, Electric Heating 294 3,321 773 830 650 92 78 1,000 1,847 394 178 226 160 6,530 1,242 25
Single-family/Duplex Dwelling, Post 1976, Electric Heating 306 3,321 773 830 650 92 78 1,000 1,847 394 178 226 160 6,530 1,242 25
Single-family/Duplex Dwelling, Pre 1976, Non-Electric Heating 600 3,321 773 830 650 92 78 1,000 1,847 394 178 226 160 6,530 1,242 25
Single-family/Duplex Dwelling, Post 1976, Non-Electric Heating 800 3,321 773 830 650 92 78 1,000 1,847 394 178 226 160 6,530 1,242 25
Row, Pre 1976, Electric Heating 189 2,773 600 830 650 71 59 772 1,400 394 178 226 160 6,530 837 25
Row, Post 1976, Electric Heating 189 2,773 600 830 650 71 59 772 1,400 394 178 226 160 6,530 837 25
Row, Pre 1976, Non-Electric Heating 400 2,773 600 830 650 71 59 772 1,400 394 178 226 160 6,530 837 25
Row, Post 1976, Non-Electric Heating 400 2,773 600 830 650 71 59 772 1,400 394 178 226 160 6,530 837 25
Low-rise Apartment Units, Electric Heating, Suite 31 1,852 417 560 370 51 43 560 693 394 178 226 160 0 173 0
Low-rise Apartment Units, Electric Heating, Common Areas 1,899 11,994 0 0 0 0 278 3,627 7,857 0 0 0 0 13,060 0 777
Low-rise Apartment Units, Non-electric Heating, Suite 31 1,852 417 560 370 51 43 560 693 394 178 226 160 0 173 0
Low-rise Apartment Units, Non-electric Heating, Common Areas 2,548 21,534 0 0 0 0 500 6,511 13,876 0 0 0 0 13,060 0 1,395
High-rise Apartment Units, Electric Heating, Suite 28 1,852 417 560 370 51 43 560 693 394 178 226 160 0 173 0
High-rise Apartment Units, Electric Heating, Common Areas 22,048132,313 0 0 0 0 3,072 40,008127,632 0 0 0 0 32,650 0 10,717
High-rise Apartment Units, Non-electric Heating, Suite 28 1,852 417 560 370 51 43 560 693 394 178 226 160 0 173 0
High-rise Apartment Units, Non-electric Heating, Common Areas 18,308129,922 0 0 0 3,017 39,285131,563 0 0 0 0 32,650 0 10,523
Mobile, Electric Heating 196 2,538 585 830 650 76 59 760 1,010 394 178 226 160 6,530 837 25
Mobile, Non-electric Heating 500 2,538 585 830 650 76 59 760 1,010 394 178 226 160 6,530 837 25

 
 
Note: Values shown represent average annual electricity consumption per single appliance. The number of appliances typically found in each dwelling type is reported in Exhibit 
2.12, Appliance Saturation Levels.  

 
 
 
 
 
 

 



BC Hydro Conservation Potential Review 2007  –Residential Sector– 

Marbek Resource Consultants Ltd.  Page 25 

� Occupancy 
 
Occupancy rates19 for each dwelling type were developed from BC Hydro’s REUS data. They 
are used, as applicable, to estimate electricity use for occupant-sensitive end uses, such as 
domestic hot water (DHW), laundry and lighting. Exhibits 2.5 and 2.6 summarize the occupancy 
rates. 
 

Exhibit 2.5: Occupancy Rates by Region 

Source: BC Hydro Residential End-Use Study (REUS), 2006. 

 
 

Exhibit 2.6: Occupancy Rates by Detachment 

Note: Separate data for low-rise and high-rise apartments was not available. 
Source: BC Hydro Residential End-Use Study (REUS), 2006. 

 
� Ventilation 
 
Ventilation electricity is associated with fan/blower electricity in heating systems, kitchen fans, 
bathroom fans and heat recovery ventilators. A furnace fan UEC of 500 kWh is assumed for 
single-family dwellings that operate in heat mode only. This value is in the lower range of 
Canadian end-use metered data, as reported in a recent study conducted for Natural Resources 
Canada (NRCan).20 A lower range value was selected in recognition of the relatively lower space 
heating load found in most of the regions of B.C. The value is also consistent with electricity 
consumption outputs from the thermal simulation model (HOT2000). A somewhat higher value 
is used for furnace fans that operate continuously – a more common pattern in newer homes.  
 
For the purpose of estimating kitchen and bathroom fan electricity, it was assumed that a typical 
exhaust fan is rated at 75 watts and operates, on average, for two hours per day. In homes with 
heat supplied by baseboard electric or by hydronic systems, these exhaust fans are the 
predominant ventilation load.  
 

                                                 
 
19

 Electricity use related to personal consumption increases with the number of occupants in a dwelling. 
20

 This area is the focus of extensive research efforts. See: Gusdorf, John, Final Report on the Project to Measure the Effects of 
ECM Furnace Motors on Gas Use at the CCHT Research Facility, Natural Resources Canada, January 2003. Current estimates 
of fan energy use vary widely; upper range estimates (heat mode only) exceed 1,000 kWh/yr. Continuous ventilation or use with 
space cooling equipment would increase fan motor consumption. 
 

Occupants
Lower 

Mainland
Vancouver 

Island
Southern 
Interior

Northern 
Region

1 26% 29% 22% 23%
2 40% 44% 52% 45%

3+ 34% 27% 56% 31%

Occupants SFD Row Apt Other

1 12% 27% 54% 34%
2 42% 40% 35% 47%

3+ 46% 33% 12% 19%



BC Hydro Conservation Potential Review 2007  –Residential Sector– 

Marbek Resource Consultants Ltd.  Page 26 

Data in the REUS were used to estimate the percentage of electrically-heated homes that use 
baseboard electric and the percentage that use forced air systems (electric furnaces or heat 
pumps). REUS data were also used to estimate the percentage of non-electrically heated homes 
that use forced air systems and the percentage that have hydronic systems. These ratios were 
used to develop weighted average ventilation loads for all the house archetypes. 
 
� Domestic Hot Water  
 
UEC estimates for DHW assume a per capita hot water consumption of 45 litres per person per 
day, a temperature rise of 45oC and the occupancy rates shown in Exhibits 2.5 and 2.6. Based on 
the preceding assumptions, the resulting DHW estimate provides a good match with BC Hydro’s 
billing data. Exhibit 2.7 shows the distribution of DHW load by major end use. 
 
Exhibit 2.7: Distribution of DHW Electricity Use by  End Use in Existing Stock (kWh/yr) 

 

End Use 

Sample 
Electricity Use 

Single Family Detached 
(kWh/yr) 

% 

Personal Use 1,162 35 
Dishwashing 764 23 
Clothes Washing 897 27 
Standby Losses 498 15 

Total 3,321 100 

 
Note: Any differences in totals are due to rounding. 

 
These DHW consumption values are consistent with available data from other jurisdictions, and 
with NRCan studies, The End Use Energy Data Handbook.21 The values shown in Exhibit 2.4 
reflect the above distribution, and therefore already include standby losses. They do not include 
combustion efficiency; therefore, if the water is heated using gas, oil or propane, the on-site 
energy consumption would be higher than shown in Exhibits 2.4 and 2.7. 

 
� Cooking Appliances, Refrigerator, Freezer and Dishwasher 
 
UEC estimates for the existing stock of this group of food preparation and storage appliances 
were obtained from The End Use Energy Data Handbook. The values shown for dishwashers are 
for mechanical electricity only; hot water use is included with the DHW UEC. 
 
� Clothes Washer and Dryer  
 
Appliance UEC data was obtained from The End Use Energy Data Handbook and adjusted by 
region and dwelling type based on previous data. The values shown for clothes washers are for 
mechanical electricity only; hot water use is included with the DHW UEC. 
 

                                                 
 
21

 Natural Resources Canada (NRCan), The End Use Energy Data Handbook, 2005.  
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� Computers 
 
UEC data for computers was obtained from Residential Miscellaneous Electricity Use.22 UEC 
varies with occupancy rate by region and dwelling type. 
 
� Lighting 
 
The lighting loads shown in Exhibit 2.8 were developed from several sources, including: 
 
� REUS data on lighting types and usage patterns for each dwelling type 
� Estimates contained in the current BC Hydro Residential Electricity End-Use Planning 

(REEP) model 
� The End Use Energy Data Handbook. 
 
Exhibit 2.8 shows the derivation of lighting UECs. 
 

Exhibit 2.8: Derivation of Lighting UECs 

Note: Linear fluorescent lamp refers to “typical” 4-ft tubes; CFL refers to compact fluorescent lamps. 

                                                 
 
22

 Lawrence Berkeley Laboratory (LBL), 1997. 

Lower Vancouver 
Mainland

Incandescent 
Number of regularly used bulbs

SFD/Duplex 17 14 13 12
Row 13 12 11 10
Apt 7 7 7 6

Mobile/Other 9 9 8 7

Average wattage 60 60 60 60
Average Hours/year 1,200 1,200 1,200 1,200
Fluorescent Linear Linear Linear Linear
Number of regularly used lamps/CFLs Lamp CFL Lamp CFL Lamp CFL Lamp CFL

SFD/Duplex 4 4 3 3 3 3 3 3
Row 3 3 2 1 2 1 2 2
Apt 1 1 1 1 1 1 1 2

Mobile/Other 2 1 1 1 1 1 1 2

Average wattage (including ballast) 48 15 48 15 48 15 48 15
Average Hours/year 1,200 1,200 1,200 1,200 1,200 1,200 1,200
Torchieres
Number of regularly used bulbs

SFD/Duplex 2 2 2 2
Row 2 1 1 1
Apt 1 1 1 1

Mobile/Other 1 1 1 1

Average wattage 90 90 90 90
Average Hours/year 1,200 1,200 1,200 1,200
Holiday/Other Lighting
Average wattage

SFD/Duplex 400 325 325 325
Row 325 250 250 250
Apt 0 0 0 0

Mobile/Other 300 225 225 225
Average Hours/year 300 300 300 300
Total Base Year Energy Use

SFD/Duplex 1,850 1,500 1,500 1,500
Row 1,400 1,200 1,000 1,000
Apt 700 600 650 650

Mobile/Other 1,010 850 850 850

Interior North
Island
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� Television  
 
UEC data for televisions was obtained from Technology and Market Profile: Consumer 
Electronics (Marbek, 2006) and Residential Miscellaneous Electricity Use23 and adjusted for 
occupancy rates and BC Hydro housing numbers. 
 
� Television Peripherals 
 
UECs, saturations and numbers per household for television peripherals were obtained from 
Technology and Market Profile: Consumer Electronics,24 Residential Miscellaneous Electricity 
Use25 and other published data. A weighted UEC for the end use as a whole was generated from 
these numbers as shown in Exhibit 2.9. UEC varies with occupancy rate by dwelling type and 
region. 
 

Exhibit 2.9: Derivation of UEC for Television Peripherals 

� Other Electronics 
 
Due to the large presence of electronic entertainment devices in many residential dwellings, this 
end use was separated from the general “Other” category. UECs were obtained from Technology 
and Market Profile: Consumer Electronics,26 Residential Miscellaneous Electricity Use27 and 
other published data. A weighted UEC for the end use as a whole was then generated based on 
penetration rates and average numbers per household obtained from the REUS. Exhibit 2.10 
demonstrates the derivation of the other electronics UECs for the Lower Mainland. Penetrations 
and numbers per household vary according to region, and UECs for individual appliances vary 
with occupancy rate by region and dwelling type. 
 

                                                 
 
23

 LBL, 1997.  
24

 Marbek, 2006. 
25

 LBL, 1997. 
26

 Marbek, 2006. 
27

 LBL, 1997. 

% of TV 
households 

UEC kWh/yr

Digital  Cable Service 17%
Digital Adaptor 17% 80
Standard Digital STB 14% 190
Advanced Digital STB 3% 325

290
Satellite Service 21%
 Standard Satellite STB 17% 140
Advanced Satellite STB 4% 275

165
225

Average UEC

Average UEC
Total Weighted UEC
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Exhibit 2.10: Derivation of UECs for Other Electronics 

 
� Pools and Hot tubs 
 
Pool and hot tub UEC data were a combination of data from Conditional Demand Analysis of 
Residential Energy Consumption (CDA),28 from the Terasen Gas 2006 CPR study29 and from 
manufacturers’ literature. As the UEC from those sources was not broken down by dwelling type 
or region, the distribution was estimated. 
 
� Elevators 
 
UEC data for elevators in high-rise and low-rise buildings were generated using an elevator 
energy consumption model used in the Commercial sector Base Year analysis. This end use also 
includes stair lifts in non-apartment homes. 
 
� Other  
 
Other end uses include a wide range of appliances and equipment found in most homes. Reliable 
data is not available on the actual annual electricity use of this collection of appliances and 
equipment within B.C.  
 
Exhibit 2.11 shows the types of appliances that are included in this end use. Sample UEC data 
are also presented and are drawn from earlier work undertaken by Lawrence Berkeley 
Laboratory (LBL)30; however it should be emphasized the UEC values shown are for illustration 
purposes only. Actual consumption values may vary significantly and are affected by factors 
such as dwelling type, occupancy rates, service region and appliance age.  
 

                                                 
 
28

 BC Hydro Power Smart, Conditional Demand Analysis of Residential Energy Consumption (CDA), May 29, 2006. 
29

 Marbek, Terasen Gas CPR, April 2006. 
30

 Lawrence Berkeley National Laboratory (LBL). Miscellaneous Electricity Use in the US Residential Sector, LBNL 40295, 
April 1998. 
 

Penetration

Number 
Per 

Household
UEC 

(kWh/yr)

Weighted 
UEC 

(kWh/yr)

DVD 72% 1.2 35 30
VCR 69% 1.3 55 49
Audio System 29% 1.3 55 21
Surround Sound 25% 1 50 13
Compact Audio 79% 1.5 25 30
Game Console 25% 1.3 55 18

160Total Weighted UEC 
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Appliance
UEC 

(kWh/yr)
Appliance

UEC 
(kWh/yr)

Home radio, small/clock 18 Timer 18
Battery Charger 21 Hot Plate 30
Clock 18 Stand Mixers 1
Power Strip 3 Hand-Held Rechargeable 16
Vacuum 31 Hand-Held Electric Vacuum 4
Hand Mixers 2 Air Corn Popper 6
Iron 53 Security System 195
Hair Dryer 36 Perc Coffee 65
Toaster 39 Deep Fryer 20
Auto Coffee Maker 116 Waterbed Heaters 900
Blender 7 Humidifier 100
Heating Pads 3 Hand Held Massager no data

Doorbell 18 Electric Toothbrush 20
Answering Machine 29 Hot Oil Corn Popper 2
Can Opener 3 Women's Shaver 12
Slow Cooker 16 Aquariums 548
Curling Iron 1 Espresso Maker 19
Food Slicer 1 Electric Lawn Mower 100
Garbage Disposer 10 Mounted Air Cleaner no data

Electric Knife 1 Juicer no data

Men's Shaver 13 Multi-fcn Device 41
Floor Fan 8 Heat Tape 100
Waffle Iron/Sandwich Grill 25 Auto Engine Heaters 250
Desk Fan 8 Electric Kettle 75
Electric Blankets 120 Bottled Water Dispenser 300
Stand Fan 8 Central Vacuum 24
Garage Door Opener 30 Grow Lights 800
Hair Setter 10 Home Medical Equipment 400

Exhibit 2.11: “Illustrative” UECs for Selected “Oth er” Appliances 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.7 APPLIANCE SATURATION 
 
Exhibit 2.12 summarizes the saturation levels that are used in the present analysis. The values 
shown are for the Lower Mainland. In each case, the assumed saturation levels are developed 
from the REUS. Saturations were obtained through querying the database, by end use and 
detachment; minor refinements were made in selected cases to assist in calibration.  
 
Appendix B presents appliance saturation levels for the other three service regions.  
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Exhibit 2.12: Appliance Saturation Levels for the Lower Mainland in F2006, (%) 
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Single-family/Duplex Dwelling, Pre 1976, Electric Heating 15% 100% 100% 100% 151% 77% 80% 99% 95% 100% 122% 198% 72% 115% 12% 100% 1%
Single-family/Duplex Dwelling, Post 1976, Electric Heating 15% 100% 100% 100% 151% 77% 80% 99% 95% 100% 122% 198% 72% 115% 12% 100% 1%
Single-family/Duplex Dwelling, Pre 1976, Non-Electric Heating 15% 100% 100% 100% 151% 77% 80% 99% 95% 100% 122% 198% 72% 115% 12% 100% 1%
Single-family/Duplex Dwelling, Post 1976, Non-Electric Heating 15% 100% 100% 100% 151% 77% 80% 99% 95% 100% 122% 198% 72% 115% 12% 100% 1%
Row, Pre 1976, Electric Heating 13% 100% 100% 100% 115% 50% 79% 93% 86% 100% 106% 175% 71% 102% 2% 100% 1%
Row, Post 1976, Electric Heating 13% 100% 100% 100% 115% 50% 79% 93% 86% 100% 106% 175% 71% 102% 2% 100% 1%
Row, Pre 1976, Non-Electric Heating 13% 100% 100% 100% 115% 50% 79% 93% 86% 100% 106% 175% 71% 102% 2% 100% 1%
Row, Post 1976, Non-Electric Heating 13% 100% 100% 100% 115% 50% 79% 93% 86% 100% 106% 175% 71% 102% 2% 100% 1%
Low-rise Apartment Units, Electric Heating, Suite 11% 100% 10% 100% 104% 23% 62% 26% 26% 100% 88% 129% 31% 75% 0% 100% 0%
Low-rise Apartment Units, Electric Heating, Common Areas 11% 100% 90% 0% 0% 0% 0% 26% 26% 100% 0% 0% 0% 0% 10% 100% 50%
Low-rise Apartment Units, Non-electric Heating, Suite 11% 100% 10% 100% 104% 23% 62% 26% 26% 100% 88% 129% 31% 75% 0% 100% 0%
Low-rise Apartment Units, Non-electric Heating, Common Areas 11% 100% 90% 0% 0% 0% 0% 26% 26% 100% 0% 0% 0% 0% 10% 100% 50%
High-rise Apartment Units, Electric Heating, Suite 11% 100% 10% 100% 104% 23% 62% 26% 26% 100% 88% 129% 31% 75% 0% 100% 0%
High-rise Apartment Units, Electric Heating, Common Areas 11% 100% 90% 0% 0% 0% 0% 26% 26% 100% 0% 0% 0% 0% 10% 100% 100%
High-rise Apartment Units, Non-electric Heating, Suite 11% 100% 10% 100% 104% 23% 62% 26% 26% 100% 88% 129% 31% 75% 0% 100% 0%
High-rise Apartment Units, Non-electric Heating, Common Areas 11% 100% 90% 0% 0% 0% 0% 26% 26% 100% 0% 0% 0% 0% 10% 100% 100%
Mobile, Electric Heating 48% 100% 100% 100% 113% 82% 71% 85% 91% 100% 69% 175% 81% 102% 0% 100% 0%
Mobile, Non-electric Heating 48% 100% 100% 100% 113% 82% 71% 85% 91% 100% 69% 175% 81% 102% 0%100% 0%

 
Note: As detailed data were not available, electricity use for laundry appliances located in apartment common areas is included in the “other” end use. 
Source: Residential End-Use Survey, BC Hydro, 2006, along with cross-tabulations (by region and dwelling type) of detailed data collected for that study. 
 
The term “Saturation” in the above table means the percentage of homes in a given dwelling type that have the end use. Thus, for end uses such as ventilation, 
DHW, cooking, lighting and other, which occur in all homes and which are most usefully analyzed on a “per dwelling” basis, the saturation is 100% and it is the 
unit energy consumption (and in some cases the fuel) that varies. For end uses that do not occur in all homes, such as space cooling, a percentage less than 
100% is shown. In some cases, such as large appliances, televisions and the like, it is most useful to analyze consumption on a “per appliance” basis. The 
saturation for those end uses (specifically, refrigerator, freezer, dishwasher, clothes washer, clothes dryer, computer, television, television peripherals, other 
electronics and pools and spas) therefore indicates the average number of such items found in a dwelling. In the above table, the average single-family 
detached/duplex dwelling in the Lower Mainland has nearly two televisions, so the saturation is 198%. The saturation of laundry machines in apartment 
buildings is split evenly between suites and common areas. The data indicated the number of apartments with access to laundry on-site, but did not identify how 
many had machines in the suites and how many in common areas. 
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2.8 ESTIMATION OF FUEL SHARE, BY END USE 
 
Data on fuel shares, for all end uses except space heating, is taken from the REUS. In the case of 
space heating, the starting point was the distribution of space heating appliances, by fuel type, as 
reported in the REUS and in the EnerGuide for Houses database. The REUS and EnerGuide 
sources confirm that natural gas (67%) and electricity (27%) are the primary space heating fuels 
in the Lower Mainland. The same data also confirm that supplemental heating is widespread in 
dwellings heated primarily both by electricity and natural gas. Consequently, the more difficult 
question is the amount of heating load that is met by: 
 
� Electricity in non-electrically heated dwellings (primarily natural gas) 
� Non-electric sources in electrically-heated dwellings. 
 
Exhibit 2.13 summarizes the electricity fuel shares assumed for each of the end uses included in 
the present analysis.31 As in the preceding discussions, the values shown are for the Lower 
Mainland.  
 
The space heating fuel shares presented in Exhibit 2.13 have been selected on the basis that they 
provide a reasonable “fit” with: 
 
� General market description (i.e., known distribution of heating appliances by fuel) 
� Monthly customer billing analysis, by dwelling type, conducted by BC Hydro 
� Conditional demand analysis of customer billing data 
� Results of a database query of the consultant home energy audit database. 
 
Appendix C provides values for the remaining three service regions. 
 

                                                 
 
31 Adjustment of fuel shares for space heating was done in tandem with the adjustment of space heating loads described in 
Section 2.4 above.  
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Exhibit 2.13: Electricity Fuel Shares for the Lower Mainland in F2006 (%) 
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Single-family/Duplex Dwelling, Pre 1976, Electric Heating 70% 100% 100% 98% 85% 100% 100% 100% 100% 99% 100% 100% 100% 100% 100% 50% 100% 100%
Single-family/Duplex Dwelling, Post 1976, Electric Heating 70% 100% 100% 98% 85% 100% 100% 100% 100% 99% 100% 100% 100% 100% 100% 50% 100% 100%
Single-family/Duplex Dwelling, Pre 1976, Non-Electric Heating 3% 100% 100% 1% 82% 100% 100% 100% 100% 94% 100% 100% 100% 100% 100% 50% 100% 100%
Single-family/Duplex Dwelling, Post 1976, Non-Electric Heating 3% 100% 100% 1% 82% 100% 100% 100% 100% 94% 100% 100% 100% 100% 100% 50% 100% 100%
Row, Pre 1976, Electric Heating 70% 100% 100% 54% 97% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 42% 100% 100%
Row, Post 1976, Electric Heating 70% 100% 100% 54% 97% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 42% 100% 100%
Row, Pre 1976, Non-Electric Heating 9% 100% 100% 0% 83% 100% 100% 100% 100% 95% 100% 100% 100% 100% 100% 42% 100% 100%
Row, Post 1976, Non-Electric Heating 11% 100% 100% 0% 83% 100% 100% 100% 100% 95% 100% 100% 100% 100% 100% 42% 100% 100%
Low-rise Apartment Units, Electric Heating, Suite 97% 100% 100% 97% 94% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 42% 100% 100%
Low-rise Apartment Units, Electric Heating, Common Areas 10% 100% 100% 77% 0% 0% 0% 0% 100% 100% 100% 0% 0% 0% 0% 42% 0% 100%
Low-rise Apartment Units, Non-electric Heating, Suite 16% 100% 100% 97% 94% 100% 100% 100% 100% 98% 100% 100% 100% 100% 100% 42% 100% 0%
Low-rise Apartment Units, Non-electric Heating, Common Areas 0% 100% 100% 7% 0% 0% 0% 0% 100% 98% 100% 0% 0% 0% 0% 42% 0% 100%
High-rise Apartment Units, Electric Heating, Suite 99% 100% 100% 97% 94% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 42% 100% 0%
High-rise Apartment Units, Electric Heating, Common Areas 10% 100% 100% 77% 0% 0% 0% 0% 100% 100% 100% 0% 0% 0% 0% 42% 0% 100%
High-rise Apartment Units, Non-electric Heating, Suite 42% 100% 100% 97% 94% 100% 100% 100% 100% 98% 100% 100% 100% 100% 100% 42% 100% 0%
High-rise Apartment Units, Non-electric Heating, Common Areas 0% 100% 100% 7% 0% 0% 0% 0% 100% 98% 100% 0% 0% 0% 0% 42% 0% 100%
Mobile, Electric Heating 67% 100% 100% 100% 100% 100% 100% 100% 100% 99% 100% 100% 100% 100% 100% 42% 100% 0%
Mobile, Non-electric Heating 15% 100% 100% 34% 82% 100% 100% 100% 100% 94% 100% 100% 100% 100% 100% 42% 100% 0%

 
Note: A small number of apartment building common areas are reportedly heated entirely by electricity. 
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2.9 AVERAGE ELECTRICITY USE PER UNIT 
 
Exhibit 2.14 combines the building stock, efficiency, saturation and fuel share data presented in 
the preceding exhibits and shows the resulting electricity use by end use for each dwelling type 
in the Lower Mainland.  
 
Appendix D presents average electricity use data for the remaining three service regions. 
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Exhibit 2.14: Average Electricity Use per Dwelling Unit for the Lower Mainland in F2006 (kWh/yr)  
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Single-family/Duplex Dwelling, Pre 1976, Electric Heating 9,174 87 294 3,267 657 1,252 499 74 77 937 1,847 479 353 163 184 387 1,242 0 20,970
Single-family/Duplex Dwelling, Post 1976, Electric Heating 8,674 70 306 3,267 657 1,252 499 74 77 937 1,847 479 353 163 184 387 1,242 0 20,466
Single-family/Duplex Dwelling, Pre 1976, Non-Electric Heating 931 83 600 46 634 1,252 499 74 77 889 1,847 479 353 163 184 387 1,242 0 9,738
Single-family/Duplex Dwelling, Post 1976, Non-Electric Heating 931 83 800 46 634 1,252 499 74 77 889 1,847 479 353 163 184 387 1,242 0 9,938
Row, Pre 1976, Electric Heating 4,033 33 189 1,507 581 956 323 56 54 664 1,400 419 312 160 163 41 837 0 11,730
Row, Post 1976, Electric Heating 3,576 27 189 1,507 581 956 323 56 54 664 1,400 419 312 160 163 41 837 0 11,266
Row, Pre 1976, Non-Electric Heating 1,915 40 400 0 496 956 323 56 54 630 1,400 419 312 160 163 41 837 0 8,204
Row, Post 1976, Non-Electric Heating 1,962 40 400 0 496 956 323 56 54 630 1,400 419 312 160 163 41 837 0 8,251
Low-rise Apartment Units, Electric Heating, Suite 2,991 13 31 185 392 581 86 32 11 143 693 347 230 70 120 0 173 0 6,097
Low-rise Apartment Units, Electric Heating, Common Areas 1,726 73 1,899 8,313 0 0 0 0 74 925 7,857 0 0 0 0 525 0 389 21,780
Low-rise Apartment Units, Non-electric Heating, Suite 508 13 31 185 392 581 86 32 11 140 693 347 230 70 120 0 173 0 3,611
Low-rise Apartment Units, Non-electric Heating, Common Areas 3 123 2,548 1,262 0 0 0 0 132 1,627 13,876 0 0 0 0 525 0 69820,794
High-rise Apartment Units, Electric Heating, Suite 1,863 13 28 185 392 581 86 32 11 143 693 347 230 70 120 0 173 0 4,966
High-rise Apartment Units, Electric Heating, Common Areas 20,026 1,336 22,048 91,710 0 0 0 0 813 10,200127,632 0 0 0 0 1,312 0 10,717 285,793
High-rise Apartment Units, Non-electric Heating, Suite 790 13 28 185 392 581 86 32 11 140 693 347 230 70 120 0 173 0 3,890
High-rise Apartment Units, Non-electric Heating, Common Areas 24 1,109 18,308 7,617 0 0 0 0 798 9,814 131,563 0 0 0 0 1,312 0 10,523 181,068
Mobile, Electric Heating 4,728 147 196 2,538 585 936 533 54 50 685 1,010 272 312 182 163 0 837 0 13,229
Mobile, Non-electric Heating 2,792 147 500 870 480 936 533 54 50 651 1,010 272 312 182 163 0 8370 9,789
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2.10 SUMMARY OF MODEL RESULTS 
 
This section presents the results of the model runs for the Base Year F2006. The results are 
measured at the customer’s point-of-use and do not include line losses. They are presented in six 
separate exhibits: 
 
� Exhibits 2.15 and 2.16 present the model results for the total BC Hydro service area. The 

results are broken out by dwelling type and end use. 
 
� Exhibits 2.17 to 2.20 present the same results, broken out by dwelling type and end use 

for each of the four service regions defined for this CPR.  
 

Highlights of the results are as follows: 
 
� By Service Region 
 
The Lower Mainland region accounts for approximately 52% of the residential electricity 
consumed in BC Hydro’s service area, followed by Vancouver Island (27%), Southern Interior 
(12%) and Northern Region (9%). 
 
� By Dwelling Type 
 
Single-family detached homes and duplexes account for approximately 67% of residential 
electricity consumed in BC Hydro’s service area, followed by high-rise (10%) and row (8%); 
low-rise and mobile/other each account for about 7%. 
 
� By End Use 
 
The largest end use is space heating, which accounts for about 24% of residential electricity 
consumed in BC Hydro’s service area. Space heating is more dominant as an electric end use in 
the Northern Region and on Vancouver Island. In the case of the Northern Region, this is 
because of the colder climate and consequent higher space heating load. In the case of 
Vancouver Island, this is because electricity has a larger share of the heating market than it does 
elsewhere in the province. 
 
Lighting (16%) is the second largest end use, followed by DHW (9%) and refrigerators (9%). 
The electronic end uses (computers, televisions and peripherals, other electronics) combined, 
account for approximately 9% of residential electricity use.  
 
Residential space cooling, which is addressed as a separate end use for the first time in this CPR, 
is highly concentrated geographically. Approximately 75% of all residential space cooling 
electricity consumption occurs in the Southern Interior. 
 

 



BC Hydro Conservation Potential Review 2007   –Residential Sector– 

Marbek Resource Consultants Ltd.   Page 37 

Exhibit 2.15: Electricity Consumption for the Total BC Hydro Service Area, Modelled by End Use and Dwelling Type in the 
Base Year (F2006) (GWh/yr) 
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F2006 10,766 2,591 195 533 824 507 1,000 473 56 60 705 1,425 380285 154 150 466 962 0

F2006 1,352 411 12 35 141 70 121 45 7 7 83 174 53 41 20 21 10 101 0

F2006 1,192 295 11 48 152 62 94 16 4 3 42 304 51 36 11 19 8 26 9

F2006 1,642 310 11 63 204 84 126 19 6 5 59 520 72 49 15 26 4 37 33

F2006 1,155 301 39 41 179 53 103 58 4 6 71 100 31 30 22 16 22 78 0

F2006 16,106 3,908 268 720 1,500 775 1,443 611 78 81 960 2,522 586 441223 233 510 1,204 43
TOTAL
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Y
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Row 

 
Notes:  
1) Results are measured at the customer’s point-of-use and do not include line losses.  
2) Any differences in totals are due to rounding.  
3) In the above Exhibit a value displays as 0 if it is between 0 and 0.5. Totals are calculated using the actual numerical value. 
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Exhibit 2.16: Distribution of Electricity Consumpti on for the Total BC Hydro Service Area, by End Use in the Base Year 
(F2006) 

Refrigerator, 9%
Cooking, 5% DHW, 9%

Ventilation, 4%

Space Cooling, 2%

Space Heating, 24%Elevators, 0.3%
Small Appliances & Other, 7%

Freezer, 4%

Clothes Dryer, 6%

Clothes Washer, 1%

Dishwasher, 0.5%

Television Peripherals, 1%

Computer and peripherals, 4%

Lighting, 16%

Swimming Pools and Spas, 3%

Other Electronics, 1%

Television, 3%
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Exhibit 2.17: Electricity Consumption for the Lower Mainland, Modelled by End Use and Dwelling Type in the Base Year 
(F2006) (GWh/yr) 
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F2006 5,114 947 36 298 238 283 556 222 33 34 398 821 213 157 72 82 172 5520

F2006 983 290 3 26 92 53 92 31 5 5 63 135 40 30 15 16 4 81 0

F2006 726 166 2 29 78 41 60 9 3 2 29 196 36 24 7 12 6 18 6

F2006 1,348 255 5 55 152 69 102 15 6 4 49 442 61 40 12 21 3 30 26

F2006 292 95 4 9 43 13 24 13 1 1 17 26 7 8 5 4 0 21 0

F2006 8,463 1,754 51 416 604 459 834 290 48 47 557 1,620 357 259 112 135185 702 33
TOTAL
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Notes: 
1) Results are measured at the customer’s point-of-use and do not include line losses.  
2) Any differences in totals are due to rounding 
3) In the above Exhibit a value displays as 0 if it is between 0 and 0.5. Totals are calculated using the actual numerical value. 
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Exhibit 2.18: Electricity Consumption for the Vancouver Island, Modelled by End Use and Dwelling Type in the Base Year 
(F2006) (GWh/yr) 
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F2006 3,249 1,201 6 103 416 114 220 115 12 13 159 302 88 66 33 35 150 213 0

F2006 224 83 0 5 32 10 19 6 1 1 12 23 7 6 2 3 2 12 0

F2006 279 76 0 12 44 12 20 3 1 1 8 71 10 8 2 4 1 5 2

F2006 202 36 0 5 36 11 17 2 1 1 7 55 8 7 2 3 0 4 5

F2006 303 99 1 9 49 14 26 11 1 2 21 25 9 7 4 4 3 19 0

F2006 4,258 1,496 8 134 576 161 302 138 15 17 208 477 122 93 43 49 157 2537

Row 
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Notes:  
1) Results are measured at the customer’s point-of-use and do not include line losses.  
2) Any differences in totals are due to rounding.  
3) In the above Exhibit a value displays as 0 if it is between 0 and 0.5. Totals are calculated using the actual numerical value. 
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Exhibit 2.19: Electricity Consumption for the Southern Interior, Modelled by End Use and Dwelling Type in the Base Year 
(F2006) (GWh/yr) 
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F2006 1,371 196 151 73 90 60 127 75 6 7 82 166 46 35 26 19 96 116 0

F2006 112 28 8 4 14 5 8 6 0 1 6 12 4 3 2 2 4 6 0

F2006 93 22 8 3 16 5 7 2 0 0 3 17 3 3 1 1 0 2 0

F2006 63 10 6 2 11 3 5 1 0 0 2 16 2 2 0 1 0 1 1

F2006 313 50 34 12 52 14 29 18 1 2 18 27 9 8 6 4 14 16 0

F2006 1,952 305 206 95 182 87 176 101 8 9 111 238 63 51 35 27 115 1412

Single-Family/ Duplex
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Notes: 
1) Results are measured at the customer’s point-of-use and do not include line losses.  
2) Any differences in totals are due to rounding.  
3) In the above Exhibit a value displays as 0 if it is between 0 and 0.5. Totals are calculated using the actual numerical value. 
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Exhibit 2.20: Electricity Consumption for the Northern Region, Modelled by End Use and Dwelling Type in the Base Year 
(F2006) (GWh/yr) 
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F2006 1,032 247 2 59 80 49 97 61 5 6 65 136 33 27 23 15 48 81 0

F2006 33 11 0 1 4 2 2 2 0 0 2 4 1 1 1 1 0 2 0

F2006 93 30 0 4 14 4 7 2 0 0 1 20 2 2 1 1 0 2 0

F2006 29 8 0 1 5 1 2 1 0 0 0 7 1 1 0 0 0 0 1

F2006 247 57 1 11 35 12 23 15 1 1 15 22 7 7 8 4 4 23 0

F2006 1,433 354 3 75 138 68 131 81 6 7 84 188 45 39 32 21 52 107 1

Low-rise Apartment

High-rise Apartment

Residential

D
w

el
lin

g 
T

yp
e

M
ile

st
on

e 
Y

ea
r

Single-Family/ Duplex

Row 

TOTAL
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Notes: 
1) Results are measured at the customer’s point-of-use and do not include line losses.  
2) Any differences in totals are due to rounding.  
3) In the above Exhibit a value displays as 0 if it is between 0 and 0.5. Totals are calculated using the actual numerical value. 
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2.11 COMPARISON TO BC HYDRO BILLING DATA 
 
This section provides a comparison between the results of the model runs for the Base Year 
F2006 and BC Hydro’s billing data. The results are presented in five separate exhibits: 
 
� Exhibit 2.21 presents the comparison for the total BC Hydro service area, broken out by 

dwelling type. 
 
� Exhibits 2.22 to 2.25 present the same results, broken out by dwelling type for each of the 

four service regions defined for this CPR.  
 
As shown, the model results compare well with the BC hydro billing data for each region and for 
the service area as a whole.32  
 
Exhibit 2.21: Comparison of Base Year (F2006) Modelled Electricity Use with BC Hydro 

Billing Data for the Total BC Hydro Service (GWh/yr) 

 
 Note: Any differences in totals are due to rounding. 

 

                                                 
 
32

 The Southern Interior model results do not agree as well with BC Hydro billing data as those of the other three regions. 
Consistency with the REUS and with inputs for the other regions has been maintained; a determination of the source of the 
discrepancy in this region would require a more intensive study, beyond the scope of this project. The largest obvious difference 
between the Southern Interior region and the other three is the presence of substantial levels of space cooling, amounting to three-
quarters of the space cooling used in the whole BCH service territory. The energy used for cooling in the region is of the same 
magnitude as the disagreement between the model and the billing data, but the consulting team has confidence that cooling 
energy was estimated with reasonable accuracy. The space cooling load for each region and dwelling type is shown in Exhibit 
2.3. The saturation of space cooling equipment for each territory and dwelling type came from the cross-tabulations of data from 
the Residential End-Use Survey.  

Dwelling Type Milestone Year
Model Generated 

Value
BCH Sales Data % Difference

Single Family/ Duplex F2006 10,766 10,522 2.3%
Row F2006 1,352 1,329 1.7%
Low-rise Apartment F2006 1,192 1,195 -0.2%
High-rise Apartment F2006 1,643 1,641 0.1%
Mobile F2006 1,155 1,242 -7.0%
TOTAL F2006 16,107 15,930 1.1%
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Exhibit 2.22: Comparison of Base Year (F2006) Modelled Electricity Use with BC Hydro 
Billing Data for the Lower Mainland (GWh/yr) 

Note: Any differences in totals are due to rounding. 

 
 

Exhibit 2.23: Comparison of Base Year (F2006) Modelled Electricity Use with BC Hydro 
Billing Data for Vancouver Island (GWh/yr) 

Note: Any differences in totals are due to rounding. 

 
Exhibit 2.24: Comparison of Base Year (F2006) Modelled Electricity Use with BC Hydro 

Billing Data for the Southern Interior (GWh/yr) 

Note: Any differences in totals are due to rounding. 

Dwelling Type Milestone Year
Model Generated 

Value
BCH Sales Data % Difference

Single Family/ Duplex F2006 1,371 1,199 14.3%
Row F2006 112 92 22.3%
Low-rise Apartment F2006 93 93 0.4%
High-rise Apartment F2006 63 63 0.0%
Mobile F2006 313 317 -1.1%
TOTAL F2006 1,952 1,763 10.7%

Dwelling Type Milestone Year
Model Generated 

Value
BCH Sales Data % Difference

Single Family/ Duplex F2006 3,249 3,241 0.2%
Row F2006 224 231 -2.9%
Low-rise Apartment F2006 279 285 -1.8%
High-rise Apartment F2006 202 203 -0.7%
Mobile F2006 303 351 -13.7%
TOTAL F2006 4,258 4,311 -1.2%

Dwelling Type Milestone Year
Model Generated 

Value
BCH Sales Data % Difference

Single Family/ Duplex F2006 5,114 5,070 0.9%
Row F2006 983 975 0.8%
Low-rise Apartment F2006 727 725 0.2%
High-rise Apartment F2006 1,349 1,346 0.2%
Mobile F2006 292 312 -6.4%
TOTAL F2006 8,464 8,428 0.4%
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Exhibit 2.25: Comparison of Base Year (F2006) Modelled Electricity Use with BC Hydro 
Billing Data for the Northern Region (GWh/yr) 

Note: Any differences in totals are due to rounding. 

 

Dwelling Type Milestone Year
Model Generated 

Value
BCH Sales Data % Difference

Single Family/ Duplex F2006 1,032 1,012 2.0%
Row F2006 33 32 3.2%
Low-rise Apartment F2006 93 92 0.6%
High-rise Apartment F2006 29 29 0.5%
Mobile F2006 247 262 -6.0%
TOTAL F2006 1,433 1,427 0.4%
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3. BASE YEAR ELECTRIC PEAK LOAD PROFILE 
 
3.1 INTRODUCTION 
 
This section provides the electric peak load profile for the Base Year (F2006) for the Residential 
sector within BC Hydro’s service area. The discussion is organized into the following 
subsections: 
 
� Peak period definitions 
� Overview of peak load profile methodology 
� Segmentation of residential buildings  
� Residential end uses 
� Comparison with BC Hydro sales data  
� Summary of results. 
 
3.2 PEAK PERIOD DEFINITIONS 
 
Based on discussions with BC Hydro personnel, the following four peak period definitions were 
selected for inclusion in this study: 
 
� Peak Period 1: Annual System Peak Hour – For BC Hydro, this has traditionally been 

the hour ending at 6 pm on a day in December or January; it is highly correlated with the 
coldest day of the year. 

 
� Peak Period 2: System Critical Peak Days – The 4 to 9 pm period on the four highest 

System Peak Days; totals 20 hours. 
 
� Peak Period 3: Typical Winter Peak Day – This adds the morning peak 8 am to 1 pm to 

the System Critical Peak Day definition; totals 40 hours per year. 
 
� Peak Period 4: Winter Peak Energy – This uses the Typical Winter Peak Day 

definition (8 am -1 pm and 4 to 9 pm) for all winter weekdays when minimum daily 
temperature is below 0ºC. Typically, this consists of 45 days, or about the number of 
weekdays in December and January (not counting holidays), or 450 hours per year. 

 
3.3 OVERVIEW OF PEAK LOAD PROFILE METHODOLOGY 
 
The electric peak load profile represents an additional level of detail beyond the annual electric 
energy values shown in Section 2. That is, annual electric energy is broken down into monthly 
electric energy, then average energy use per day, by day type (weekday, weekend day, peak day) 
and, finally, hourly demand (kW) by day type. Exhibit 3.1 below illustrates this progression that 
converts annual electric energy to hourly demand. This method is used for all three sectors.  
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Exhibit 3.1: Overview of Peak Load Profile Methodology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Development of the Electric Peak Load estimates employs four specific factors as outlined 
below:  
 
� Monthly Usage Allocation Factor: This factor represents the percentage of annual 

electric energy usage that is allocated to each month. This set of monthly fractions 
(percentages) reflects the seasonality of the load shape, whether a facility, process or end 
use, and is dictated by weather or other seasonal factors. This allocation factor can be 
obtained from either (in decreasing order of priority): (a) monthly consumption statistics 
from end-use load studies; (b) monthly seasonal sales (preferably weather normalized) 
obtained by subtracting a “base” month from winter and summer heating and cooling 
months; or (c) heating or cooling degree days on an appropriate base.  

 
� Weekend to Weekday Factor: This factor is a ratio that describes the relationship 

between weekends and weekdays, reflecting the degree of weekend activity inherent in 
the facility or end use. This may vary by month or season. Based on this ratio, the 
average electric energy per day type can be computed from the corresponding monthly 
electric energy.  

 
� Peak Day Factor: This factor reflects the degree of daily weather sensitivity associated 

with the load shape, particularly heating or cooling; it compares a peak (e.g., hottest or 
coldest) day to a typical weekday in that month.  
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� Per Unit Hourly Factor : The relationship of load among different hours of the day for 
each day type (weekday, weekend day, peak day) and for each month reflects the 
operating hours of the electric equipment or end use within residences by subsector. For 
example, for lighting, this would be affected by time of day, season (affected by daylight) 
and room type, where applicable. For the Base Year lighting is treated on an aggregate 
basis by total residence. 

 
The four factors (sets of ratios) defined above provide the basis for converting annual energy to 
any hourly demand specified, including the grouping of hours used in the four peak periods 
defined in this study. Exhibit 3.2, below, illustrates how each of the above four factors is applied 
sequentially to a known annual energy value to produce a peak load value, defined as a specific 
peak period. In the example, Peak Period 1 (Annual System Peak Hour) is used. 
 

Exhibit 3.2: Illustrative Application of Annual Ene rgy to Peak Period Value Factors 
 
 
Peak Period 1 (Annual System Peak Hour) is computed based on the January peak day at 6 pm. While the BC Hydro 
peak may not always occur in January, the model assumes that it typically will and the calculations use January 
arbitrarily as the month in which the peak occurs.  
 
The following steps are required: 
 
� Step 1: The monthly usage allocation factor for January is applied to the annual energy use to calculate January 

energy use. 
 
� Step 2: The average weekday in January is calculated based on the formula shown below, which adjusts the 

average day type use to reflect any difference in typical weekend use versus typical weekday use.  
 

1/[Days in Month * (5/7 + 2/7 * Weekend Ratio)]  
 
� Step 3: The peak day factor is then applied to the average weekday electric energy use to determine the peak 

day use (as defined by BC Hydro). 
 
� Step 4: The peak hour is then calculated based on allocating the peak day use according to the per-unit hourly 

load factor for a peak winter (January) day, using the percentage of use in that hour versus the daily usage for 
the January peak day. 

 
 
It should be noted that the methodology shown in Exhibit 3.2 produces aggregate diversified 
average loads33 for all customers or end uses in the defined subsector. As such, the demand 
values will typically be lower than the corresponding end use peaks, which may occur at 
different times than for the peak period (e.g. 6 pm peak day for Peak Period 1), as well as reflect 
diversity across individual customers, who may each peak at different times of the day or even 
different days in the season or year. 
 
Exhibit 3.3 provides a specific numeric example for the calculation of peak hour demand (kW) 
under Peak Period 1 definition. The example presented in Exhibit 3.3 is for an electrically heated 
                                                 
 
33

 Diversified average refers to averages of a large group of customers, reflecting their peaking at different times of the day.  This 
would produce a lower net average peak per customer than the sum of the individual peaks. 
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pre-1976 single-family dwelling (SFD) in the Lower Mainland. The example shows how the 
annual space heating electricity use of 9,174 kWh for a single-family dwelling in the Lower 
Mainland (from Exhibit 2.14) can be converted to a peak demand value for Peak Period 1 by the 
calculation of a corresponding hours-use value. 

Exhibit 3.3: Sample Hours-Use Calculation for Electric Space Heating 
 

 
For other peak periods, different sets of hours are used, with calculations corresponding to the 
above steps. The resulting relationship between annual use and “peak” can be defined in terms of 
an “hours-use” factor, the ratio of the annual energy to the “peak”, for each of the four defined 
peak periods. 
 
Further detail is provided in Appendix E. 
 
3.4 SEGMENTATION OF RESIDENTIAL BUILDINGS 
 
The Residential sector dwelling types and end uses used to generate the electric peak load 
profiles are the same as these used in the preceding section on electric energy use; that is, a load 
profile corresponds to each combination of dwelling type, end use and service region. Since the 
load profile descriptions are applied to each corresponding electric energy value, the overall 
usage level is accounted for; consequently, different load sizes typically do not require different 
load shapes. For example, while average house sizes may vary, resulting in varying electricity 
use per customer, the end uses typically have the same profile and relative statistics, but would 
simply be scaled in proportion to the energy use levels.  
 
Since the end uses are generally aggregated, the available data was not considered sufficient to 
support different load profiles for different dwelling types except for space heating. Analysis was 
done on BC Hydro’s specific monthly sales data by dwelling type to determine if there were 
sufficient differences in seasonality to support different load shapes on that basis.  
 
Exhibit 3.4 shows the combinations of residential dwelling types, vintage and heating fuels that 
were reviewed. Where available, data were compiled to develop distinct load shapes for 
individual end uses as well as for overall consumption levels. In each case, the total demand for 
the four “peak” periods is calculated by dividing the annual energy for each dwelling type end 
use by an hours-use factor developed from the applicable load shape.  
  

 
Peak 1: 6 pm Winter Peak =  
 
Annual kWh * Month Allocation * 1/(Days in Month * (5/7 + 2/7 * Weekend Ratio)) * Peak Day Factor * Peak 
Hour % Daily kWh 
 
6 pm Winter Peak = 9,174 [Annual kWh] * 17.808% [Month Allocation] * 1/(31 * (5/7 + 2/7 * 1.09 [Jan. Weekend 
Ratio Calc])) * 1.50 [Jan. Peak Day Factor] * 0.05573 [Peak Hour % Day kWh] = 4.295 kW 
 
Hours-Use Factor =9,174 [annual kWh] / 4.295 [6 pm Winter Peak] = 2,136 [Peak 1 Hours Use] 
 
This means that any applicable single-family detached (SFD) annual space heating kWh can be converted to demand 
at winter peak hour (6 pm) by dividing by 2,136. 
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Exhibit 3.4: Residential Dwelling Types Used for Electric Peak Load Calculations 
 
 
� Building Type (SFD/ Duplex, Row, Low-rise, High-rise, Mobile) 
� Building Vintage (Pre- vs. Post-1976) 
� Heating Fuel (Electric vs. Non-electric) 
 
 
3.5 RESIDENTIAL END USES 
 
As noted above, a set of four load profile factors – monthly usage allocation (breakdown), 
weekend to weekday ratio, peak day factor and per-unit hourly profiles – was developed for each 
applicable combination of dwelling type, end use and service region, based on best available 
data. Each was then assigned a load shape code for use in the capacity supplement module of the 
Marbek Sector Energy End-use Model (SEEM). For this report, the load shapes represent Base 
Year aggregate end-use load profiles.34  
 
Appendix E describes the assumptions and data sources for each of the four load profile factors 
that were used to develop the hours-use factors corresponding to each of the four peak periods 
defined earlier (e.g. Annual System Peak Hour). To produce a “demand” for a subsector, the 
corresponding annual energy is divided by the hours-use factor for each of the four peak periods 
for the applicable load shape. For certain end uses that are assumed to have no usage during the 
winter months (e.g. cooling), the hours-use values are considered “infinite” (noted by 1E+15 in 
Exhibit 3.5), resulting in virtually zero demand when divided into annual energy. 
 
The load shape “code” in Exhibit 3.5 below represents an identifier for each distinct load shape 
developed for the study, which applies to the noted sector (Residential, Commercial or 
Industrial), subsector, applicable geographic region, end use and measure (for the Reference 
Case, all are for the Base Case measure). For each of the four peak periods defined earlier, an 
hours-use factor is indicated, as generated from the applicable load shape. The hours-use factor 
represents the divisor to convert annual energy (e.g. MWH) to that peak period. For example, 
dividing the annual MWH by the hours-use factor for Peak Period 1 will convert annual MWH to 
demand at the Annual System Peak hour (6 pm). 
 

                                                 
 
34

 Additional load shapes will be developed for specific demand-side management (DSM) measures in later phases of the study, 
where applicable.  
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Exhibit 3.5: Residential Sector Load Shape Hours-Use Factors 

 
 
3.6 COMPARISON WITH BC HYDRO CLASS LOAD PROFILE 
 
Since BC Hydro does not conduct regular end-use load analysis studies, there is no “actual” total 
(or dwelling type) end-use load profile upon which to calibrate the load profile models developed 
for this study. Load studies were performed by rate class for cost-of-service and rate design 
purposes, but end-use data collection has not been performed recently as distinct baseline studies 
applicable to all of BC Hydro or any of the distinct dwelling types. Summing all end uses would 
produce a “total” residential daily load profile, but the BC Hydro class load profile to which it 
would be compared would still only be a statistical estimate and not an “actual,” in the same way 
that the annual kWh energy sales would be for the calibration of total annual kWh. The best 
option for calibrating BC Hydro-specific load profile parameters is the weather-sensitive loads, 
since that is the most area-specific. 
 
For each of the load profile parameters, a potential calibration to BC Hydro-specific data was 
assessed. For monthly breakdowns, weather-sensitive sales data and heating/cooling degree days 
are typical options for this factor for weather-sensitive loads. However, since BC Hydro had 
available the CDA study35 that disaggregated annual consumption into monthly consumption for 
space heating, this was considered the best source for the monthly breakdown statistic. In terms 
of residential dwelling types, analysis of monthly sales data for each of the residential dwelling 
types and regions (Lower Mainland and Vancouver Island) did not demonstrate a significant 
difference in terms of relative monthly breakdown of weather-sensitive winter and summer 
loads, so one monthly breakdown value was considered sufficient. Monthly allocations were 
available for cooling and water heating, as well as other end uses, though the remaining end uses 

                                                 
 
35

 BC Hydro, 2006. 

CODE
Sector 
Type SubSector Region End Use

End Use 
Sub Measure Peak1 Peak2 Peak3 Peak4

1002 Res All All Space Cool All Base 1E+15 1E+15 1E+15 1E+15

1003 Res All All Room A/C All Base 1E+15 1E+15 1E+15 1E+15

1004 Res All All Water Heat All Base 6,450       5,026       3,476       3,476       

1005 Res All All Stove All Base 1,371       3,604       5,042       5,064       

1006 Res All All Refrigerator All Base 9,718       9,440       10,066     9,942       

1007 Res All All Freezer All Base 9,718       9,440       10,066     9,942       

1008 Res All All Dishwasher All Base 3,200       4,738       6,012       6,626       

1009 Res All All Clothes Washer All Base 3,200       4,738       6,012       6,626       

1010 Res All All Dryer All Base 3,200       4,738       6,012       6,626       

1011 Res All All Lighting All Base 3,410       3,156       5,994       5,994       

1012 Res All All Computer All Base 6,757       6,455       7,758       7,758       

1013 Res All All Television All Base 3,410       3,156       5,994       5,994       

1014 Res All All TV Peripherals All Base 6,757       6,455       7,758       7,758       

1015 Res All All General Plug Loads All Base 6,757       6,455       7,758       7,758       

1016 Res SFD All Space Heat All Base 2,136       2,251       2,592       3,736       

1017 Res Row All Space Heat All Base 2,132       2,340       2,517       3,771       

1018 Res All All Pools and Hot tubs All Base 6,540       7,463       7,312       7,312       

Hours Use Values
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were assigned equal values by month in the CDA and better sources of these values were 
available. 
 
Since separately-metered space heating end use load data was not available from BC Hydro, for 
weekend/weekday ratios and per-unit hourly load shapes, total premise hourly load research data 
from BC Hydro for the period November 2004 through October 2005 was analyzed. Average 
hourly demands and daily usage for peak days (three coldest days during that period, whose daily 
average temperatures were below -1.67 degrees C), weekdays and weekend days for the winter 
months of November through February were calculated. A set of baseline average days for 
weekdays and weekend days, for which no heating was assumed (temperatures ranged only 
between 12 and 24 degrees C for weekdays and 11 to 25 degrees C for weekends), was 
developed by averaging 12 weekdays and 6 weekend days during May, June and October. By 
subtracting the total premise weekday baseline from both the peak winter days and the average 
winter weekday, an estimate of hourly peak day and weekday load profiles and daily average 
usages was computed. Similarly, the total premise weekend day baseline was subtracted from the 
winter average weekend day to produce an estimated weekend day heating load profile and daily 
average usage. This was done for both Single Family and Row House subsectors, which have 
distinctly different load shapes. The result was a set of space heat load shape factors – one for 
Single-Family (for detached/duplex and First Nations) and one for other subsectors (Row House, 
Low-rise, High-rise and Mobile), covering weekend/weekday ratio (1.09 for Single Family and 
1.06 for Row Houses) and per-unit load profiles by day type (as described in Appendix E). 
 
For peak day factors, analysis of the past 10 years’ average vs. peak weather conditions (in 
heating degree days) for Vancouver was analyzed to determine typical peak day factors for 
normal weather, which ranged from about 1.4 to 1.5 for winter months. For non weather-
sensitive end uses, a factor of 1.0 was assumed, absent specific load study data. 
 
3.7 SUMMARY OF RESULTS 
 
Exhibit 3.6 presents the model results for the residential sector Base Year (F2006) aggregate 
peak demand. The results are presented for the total BC Hydro service area and for each service 
region. In each case, the results show the contribution of residential sector demand that is 
coincident with the total BC Hydro demand in each of the four peak periods selected for this 
study. 
 

Exhibit 3.6: Residential Sector Base Year (F2006) Aggregate Peak Demand by Service 
Region and Peak Period (MW) 

Period 1
Peak Hour

Period 2
Critical Peak Day

Period 3
Winter Peak Day

Period 4
Winter Peak Energy

Total BCH 4,813 4,360 3,638 3,055
Lower Mainland 2,542 2,280 1,845 1,566
Vancouver Island 1,352 1,250 1,092 891
Southern Interior 489 440 373 322
Northern Region 429 389 329 275

Service Region
Peak Period

 
 
Additional detail is provided in Appendix E. 
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4. REFERENCE CASE ELECTRIC ENERGY USE 
 
4.1 INTRODUCTION 
 
This section presents the Residential sector Reference Case for the study period (F2006 to 
F2026). The Reference Case estimates the expected level of electricity consumption that would 
occur over the study period in the absence of new DSM initiatives or rate changes.36 The 
Reference Case, therefore, provides the point of comparison for the calculation of electric 
energy-savings opportunities associated with each of the scenarios that are assessed within this 
study. 
 
The Reference Case discussion is presented within the following subsections: 
 
� Estimation of net space heating loads – new dwellings 
� “Natural” changes to space heating loads – existing dwellings 
� “Natural” changes to electric appliance UECS 
� Stock growth  
� Fuel shares and saturation levels  
� Summary of model results 
� Comparison with BC Hydro forecast. 
 
4.2 ESTIMATION OF NET SPACE HEATING LOADS – NEW  DWELLINGS 
 
The first task in building the Reference Case involved the development of thermal archetypes for 
the new building stock. As was the case with the existing building stock, the archetypes were 
developed using HOT2000.  
 
Three major data sources were referenced:  
 
� The EnerGuide for Houses database 
� The BC Building Code 
� BC Energy Efficiency Act 2007 Workplan (confidential draft version). 
 
The EnerGuide database was queried for homes constructed after 1998 (those corresponding to 
the last version of the Building Code previous to the latest revision). The database outputs were 
then referenced in developing physical descriptions, such as floor area, window area and air 
leakage rates for new single-family, duplex, row and mobile dwellings.  
                                                 
 
36

 Some limited residual program influences remain from the earlier Power Smart initiatives. EE1 – The original Power Smart 
programs ran from 1989 through to the mid 1990’s. EE1 saved approximately 2500 GWh/yr. All the savings are included in the 
2006 base year number. EE2 – This version of Power Smart began in 2001 and continues today. The savings up to fiscal 2006 are 
included in the 2006 base year numbers. Savings after F2006 are not included in the CPR 2007 Base Year or Reference Case. 
Power Smart savings after F2007 represent an amount of the CPR potential savings that have already been achieved. EE3, EE4, 
EE5 – These are conceptual versions of longer-term Power Smart programs that were included for study purposes in BC Hydro’s 
IEP 2006. These have not been fully developed or implemented. They were derived from CPR 2002 data and are not related to 
the CPR 2007. They will be supplanted by BC Hydro’s new DSM plan in late 2007. 
 
LD1 and LD2 are Power Smart initiatives that provided incentives to its customers for providing generation to displace part of 
BC Hydro’s load. LD1 refers to load displacement projects that occurred at the same time as Power Smart 1 (1988-2001) and 
LD2 refers to those that occurred at the same time as Power Smart 2 (2001 to today). 
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Likely changes to building and retrofitting practices due to new and improving building envelope 
standards and measures were also considered. This included a review of the target residential 
building technologies and performance standards contained in the Province of B.C.’s draft 
Energy Efficiency Act 2007 workplan. It also included a review of the U.S. Energy Star 
buildings standards, which are spreading through the Canadian housing market affecting various 
aspects of building envelope efficiency.  
 
Insulation levels for new single-family dwellings, duplexes and row houses were obtained from 
the current version of the B.C. Building Code. Exhibit 4.1 presents a summary. There are 
proposed changes to the B.C. Energy Efficiency Act directed towards energy-efficient buildings. 
However, those changes affecting new building thermal requirements remain under discussion. It 
is also difficult to estimate how much of the evolution of building codes is related to BC Hydro’s 
influence and the Reference Case is intended to exclude all future BC Hydro activity. 
Consequently, the proposed changes were not included in the assumptions used in the model. 
 
Exhibit 4.1: Minimum Thermal Resistance of Insulation (RSI) for Residential Buildings, 

(W/m2 °C)  
 

Thermal Resistance (RSI)* Required Assembly 
< 4,500 C Degree Days > 4,500 C Degree Days 

Attic Spaces 7.0 7.7 
Roof Joists 4.9 4.9 
Frame Wall 3.5 3.85 
Suspended Floors: 
 Framed 
 Concrete 

 
4.9 
2.1 

 
4.9 
2.1 

Foundation Walls 2.1 2.1 
Unheated Slabs 1.8 2.1 

 * RSI x 5.68 = R-Value  
Note: In areas of 3,500 Celsius degree days and where the building is heated by natural gas not supplied by the 
Vancouver Island natural gas pipeline, the minimum insulation required for frame walls may be reduced to RSI-2.45.  

 
In general, the review concluded that the trends identified in the CPR 2002 remain valid today. 
As noted in the previous CPR, overall, window, wall and roofing thermal efficiency levels have 
increased in new residential buildings in all regions, and air leakage rates have been reduced by 
up to 30% compared to buildings constructed in the 1990s. However, there are a number of 
trends that continue to counteract the thermal improvements in construction standards. They 
include: 
 
� The amount of window area in new houses has increased by up to 20% compared to 

typical existing homes. 
� In the Lower Mainland and Southern Interior regions, the new stock tends to have floor 

areas that are 15% to 20% larger, on average. In the Vancouver Island and Northern 
Region floor space is also increasing, but by roughly 10%. 

� Buildings in all four regions also feature an increase in exterior wall surface area of 
between 5% to 20%. This reflects both the increased floor area and a tendency for homes 
to include architectural features with more corners and details that diverge from the 
standard rectangular shapes. 
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The net effect of the above trends is that, while thermal efficiencies are improving, they are 
being partially or wholly offset by changing construction practices. Based on observations of 
trends in energy consumption in B.C. housing over the last five years, and the resulting estimates 
of per-dwelling consumption provided in the latest BC Hydro forecast, no net change in net 
space heating and cooling loads between the post-1976 dwellings and the new dwellings is 
assumed. Exhibit 4.2 summarizes the resulting new net space heating and cooling loads. 
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Exhibit 4.2: New Residential Units – Net Space Heating and Cooling Loads37 by Dwelling Type and BC Hydro Service 
Region (kWh/yr) 

Space 
Heating

Space 
Cooling

Space 
Heating

Space 
Cooling

Space 
Heating

Space 
Cooling

Space 
Heating

Space 
Cooling

New Single-family/Duplex Dwelling, Electric Heating 12,391 464 12,042 246 11,402 2,350 12,942 224
Single-family/Duplex Dwelling, Non-Electric Heating 17,058 552 15,378 278 14,733 2,597 15,503 247
New Row, Electric Heating 5,108 201 5,334 115 4,769 1,065 4,990 101
New Row, Non-Electric Heating 8,820 300 6,867 165 8,067 1,385 9,060 132
New First Nations, Electric Heat 12,391 576 12,042 301 11,402 2,778 16,877 264
New First Nations, Non-Electric Heat 17,058 552 15,378 278 14,733 2,597 15,503 247
New Low-rise Apartment Units, Electric Heating, Suite 3,080 122 2,970 68 3,000 577 3,300 55
New Low-rise Apartment Units, Electric Heating, Common Areas 17,259 684 22,702 519 16,182 3,112 16,459 274
New Low-rise Apartment Units, Non-electric Heating, Suite 3,080 122 2,970 69 3,000 577 3,300 55
New Low-rise Apartment Units, Non-electric Heating, Common Areas 28,956 1,147 29,690 691 16,878 3,246 16,016 266
New High-rise Apartment Units, Electric Heating, Suite 1,890 118 1,820 65 2,200 529 3,025 50
New High-rise Apartment Units, Electric Heating, Common Areas 200,259 12,470 74,436 2,673 118,489 28,487 122,156 2,032
New High-rise Apartment Units, Non-electric Heating, Suite 1,890 118 1,820 68 2,200 529 3,025 50
New High-rise Apartment Units, Non-electric Heating, Common Areas 166,295 10,355 99,293 3,703 115,458 27,758 133,611 2,223
New Mobile, Electric Heating 7,094 305 7,124 176 6,341 1,627 7,078 155
New Mobile, Non-electric Heating 14,844 305 10,844 176 9,228 1,627 10,319 155

Dwelling Type
Northern RegionSouthern InteriorVancouver IslandLower Mainland

 
Note: The figures in this table represent estimated “tertiary loads” for space heating and cooling. In other words, this is the estimated energy required to meet 
the net space heating and cooling loads for these dwellings, regardless of the fuel used. Most homes in British Columbia heat with a mix of fuels. In these cases, 
the average electricity used for heating in a given dwelling type is added to the average energy from other fuels multiplied by an assumed efficiency for 
combustion. Figures for consumption of natural gas for space heating are derived from the load research of Terasen Gas on existing dwellings. The space 
cooling figures do not account for the expected saturation of cooling in new B.C. dwellings. To arrive at an average cooling electricity consumption per 
dwelling, these figures would have to be multiplied by the percentage of dwellings that will have air conditioning. 

                                                 
 
37

 Net space heating load is the space heating load of a building that must be met by the space heating system over a full year. This is equal to the total heat loss through the 
building envelope minus solar and internal gains. Values shown for non-electrically heating dwellings are shown in kilowatt hours for format consistency. 
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4.3 “NATURAL” CHANGES TO SPACE HEATING AND  COOLING LOADS – 
EXISTING DWELLINGS 

 
In addition to the construction of new buildings, the Reference Case also assumes that a portion 
of the existing building stock is subject to energy retrofits in each period. To provide a 
reasonable estimate of the impact of these “naturally” occurring retrofit activities on the net 
heating and cooling loads, the study reviewed the approach and results of the CPR 2002. The 
earlier CPR employed the following steps: 
 
� A bundle of upgrade measures associated with a “typical” retrofit within each dwelling 

type was defined. 
� The rate at which the bundle of measures is introduced into the existing stock of 

buildings was estimated. 
� The energy impact of these upgrades was estimated using HOT2000. 
 
This study reviewed the available data and concluded that the thermal upgrade trends identified 
in the CPR 2002 remain valid for the current study. Highlights are summarized below. 
 
4.3.1 Energy Retrofit and Activity Levels – Existing Dwellings 
 

Exhibit 4.3 presents a summary of the major energy retrofit measures and the reported 
annual participation rates by dwelling type. The percentages were based on responses to a 
large national survey and indicate the percentage of all respondents who had the retrofit 
measure applied to their dwellings in 1995. It is particularly useful in giving the 
frequency of different retrofit measures relative to each other. 

 
Exhibit 4.3: Annual Energy Retrofit Activity by Dwe lling Type (%) 

 
Dwelling Type and Participation Rate (%) Retrofit Measure 

Single Row Apartment Mobile/Other 
Insulation Improvements 4.20 2.40 2.30 4.10 
Exterior Doors 5.40 5.90 2.80 5.30 
Window Replacements 6.70 7.00 4.10 6.60 
Fireplace Improvements 2.90 1.60 1.20 2.70 
Heating System Conversions 0.90 0.40 0.10 0.90 
Energy Source Conversions 0.90 0.80 0.10 0.90 
Heating Equipment Replacements 2.90 2.10 1.00 2.90 

Averages 3.41 2.89 1.66 3.34 
 

Sources: Home Energy Retrofit Survey – Statistical Report (NRCan, 2000) and BC EnerGuide for Houses 
database, as reported in CPR 2002. 

 
4.3.2 Net Impact on Space Heating and Cooling Loads 
 

Trial energy simulation runs were undertaken in HOT2000, assuming a variety of 
combinations of the retrofit measures shown in Exhibit 4.3. The results varied widely, 
from a 2% to 15% reduction in space heat and cooling loads, depending on assumptions 
related to the number of windows or doors replaced, etc.  
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In the absence of more comprehensive data, this study employs the same assumptions as 
in the CPR 2002. That is, the analysis assumes the retrofit participation rates presented in 
Exhibit 4.3 and assumes that each renovated unit experiences a net space heat reduction 
of 3% and 2% for the pre- and post-1976 units, respectively. 
 
The development of new building codes is expected to play a role in the degree of 
improvement caused by a retrofit or renovation project, but is expected to be gradual, not 
dramatic. It is difficult to estimate how much of the evolution of building codes is related 
to BC Hydro’s influence, and the Reference Case is intended to exclude all future BC 
Hydro activity. The 3% and 2% net space heat reductions (see above) are held constant 
throughout the study period. 
 

4.4 “NATURAL” CHANGES TO ELECTRIC APPLIANCE UECS 
 
This section identifies the annual unit electricity consumption (UEC) for the major household 
appliances and equipment over the study period for both “stock in place” and new sales for the 
period F2006 to F2026.  
 
Exhibits 4.4 and 4.5 show Canadian trend information for both the existing stock and new sales 
of white goods for the period 1990 to 2004.  
 

Exhibit 4.4: Canadian White Goods UECs for Existing Stock  
 

Source: NRCan, Energy Efficiency Trends in Canada 1990 and 1998–2004, August 2006. 
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Exhibit 4.5: Canadian White Goods UECs for New Sales 

Source: NRCan, Energy Efficiency Trends in Canada 1990 and 1998–2004, August 2006. 

 
 
As shown in Exhibit 4.4, the annual UEC for the major household white good type appliances in 
existing stock declined steadily between 1990 and 2000, due to stock turnover and to continuing 
improvements in new stock. However, as shown in Exhibit 4.5, the majority of efficiency 
improvements to large electrical appliances took place in the early to mid 1990s with the trend 
line levelling off after that for most appliances except refrigerators and ranges, which show 
further improvement post 2000. In the future, federal energy efficiency regulations will continue 
to regulate additional appliances and to revise existing regulations, suggesting that additional 
minor improvements in the UECs for new white goods will take place. It is difficult to estimate 
how much of the evolution of appliance efficiency standards is related to BC Hydro’s influence, 
and the Reference Case is intended to exclude all future BC Hydro activity. Further discussion of 
the modelled assumptions applied to each of the major appliances follows. 
 
� Cooking 
 
A UEC of 770 kWh/yr is assumed in the Base Year, adjusted for occupancy and region declining 
to 730 kWh/yr in the final milestone year. In new stock, the UEC was assumed to decrease from 
750 kWh/yr to 700 kWh/yr. 
 
These assumptions are based on both appliance energy use trend data compiled by Natural 
Resources Canada (NRCan)38, and Marbek’s Appliance Replacement Model. 

                                                 
 
38

 Natural Resources Canada, Energy Efficiency Trends in Canada 1990 and 1998–2000, August 2006. 
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� Refrigerator 
 
A UEC of 830 kWh/yr is assumed in the Base Year, adjusted for occupancy and region declining 
to 510 kWh/yr in the final milestone year. In new stock, the UEC was assumed to decrease from 
680 kWh/yr to 450 kWh/yr. 
 
These assumptions are based on both appliance energy use trend data39, and Marbek’s Appliance 
Replacement Model. 
 
� Freezer 
 
A UEC of 650 kWh/yr is assumed in the Base Year, adjusted for occupancy and region declining 
to 480 kWh/yr in the final milestone year. In new stock, the UEC was assumed to decrease from 
560 kWh/yr to 420 kWh/yr. 
 
These assumptions are based on both appliance energy use trend data40, and Marbek’s Appliance 
Replacement Model. 
 
� Dishwasher 
 
A UEC of 92 kWh/yr is assumed in the Base Year, adjusted for occupancy and region declining 
to 83 kWh/yr in the final milestone year. In new stock, the UEC was assumed to decrease from 
88 kWh/yr to 81 kWh/yr. 
 
These assumptions are based on both appliance energy use trend data41, and Marbek’s Appliance 
Replacement Model. The values shown are for mechanical energy only; hot water use is included 
with the DHW UEC.  
 
� Clothes Washer 
 
A UEC of 78 kWh/yr is assumed in the Base Year, adjusted for occupancy and region declining 
to 71 kWh/yr in the final milestone year. In new stock, the UEC was assumed to decrease from 
75 kWh/yr to 68kWh/yr. 
 
These assumptions are based on both appliance energy use trend data42, and Marbek’s Appliance 
Replacement Model. The values shown are for mechanical energy only; hot water use is included 
with the DHW UEC. 
 

                                                 
 
39

 NRCan, Energy Efficiency Trends, 2006. 
40

 NRCan, Energy Efficiency Trends, 2006. 
41

 NRCan, Energy Efficiency Trends, 2006. 
42

 NRCan, Energy Efficiency Trends, 2006. 
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� Clothes Dryer 
 
A UEC of 1,000 kWh/yr is assumed in the Base Year, adjusted for occupancy and region 
declining to 850 kWh/yr in the final milestone year. In new stock, the UEC was assumed to 
decrease from 940 kWh/yr to 800 kWh/yr. 
 
These assumptions are based on both appliance energy use trend data43, and Marbek’s Appliance 
Replacement Model. 
 
� Ventilation 
 
As for the CPR 2002, ventilation energy in existing stock is assumed to remain constant. This 
assumption recognizes that there are a number of competing trends that remain unresolved at this 
time. On the one hand, it is recognized that there is a trend towards manufacturers’ use of larger 
fan motors (1/2 HP versus 1/3 HP) in new furnaces to make them “air-conditioner ready.” This 
means that furnaces replaced in the study period may have a larger furnace fan motor. However, 
the trend towards larger fan motors is at least partially offset by efficiency improvements. For 
example, an earlier study for the Canadian Electricity Association (CEA) noted that improved 
fan design, combined with the use of permanent split capacitor fan motors, had improved furnace 
fan efficiency by between 13% and 19%.44  
 
In new stock, average ventilation energy was assumed to increase to around 450 kWh/yr. This 
value was based on the HOT2000 modelled results and assumes compliance with the B.C. 
Building Code.  

 
� Domestic Hot Water 
 
Exhibit 4.6 summarizes DHW UECs by end use for new dwellings. A comparison with the 
values presented previously for existing dwellings (see Section 2) shows significant reductions 
for hot water use in dishwashing and clothes washing; however, slightly more modest changes 
have been assumed for personal consumption.  

 
This study reviewed the data sources and concluded that the assumptions applied to the DHW 
UECs in the CPR 2002 remain valid. DHW electricity for new and existing appliances is 
obtained from NRCan (NRCan, 2005). For existing and retrofitted buildings, the DHW UEC is 
assumed to decrease by 0.2% per year based on data from NRCan.45 The UEC for DHW in new 
buildings is assumed to be constant. 
 

                                                 
 
43

 NRCan, Energy Efficiency Trends, 2006. 
44

 Phillips, B. Blower, Efficiency in Domestic Heating Systems, CEA Report No. 9202-U-921, 1995; and Canada Mortgage and 
Housing Corporation, Optimizing Heat and Air Distribution Systems when Retrofitting Houses with Energy Efficient Equipment, 
2002. Ventilation UECs will be higher in dwellings that have air conditioning and/or continuous ventilation; these higher values 
are shown in Appendix B. 
45

 Natural Resources Canada. Energy Efficiency Trends in Canada, 1990–2000, June 2002. 
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Exhibit 4.6: Distribution of DHW Electricity Use by  End Use in New Stock (kWh/yr) 
 

End Use Electricity Use 
(kWh/yr) 

% 

Personal Use 932 35 
Dishwashing 590 23 
Clothes Washing 740 27 
Standby Losses 385 15 
Total 2647 100% 

� Lighting  
 
The lighting UEC was assumed to decrease at a rate of 0.2% per year. This value is based on the 
results of analysis undertaken by Natural Resources Canada46.  
 
� Televisions 
 
The North American television industry has announced its commitment to convert all analog 
television to digital broadcasting within the next five years. These broadcast changes are 
occurring at a time when television technology and programming options are also rapidly 
changing. Some television technology changes, such as the introduction of liquid crystal display 
(LCD) and plasma models, may also have significant impacts on household electricity 
consumption. It is also possible that these changes will result in an increased rate of turnover in 
the current stock of televisions to models that are better able to take advantage of the high 
definition (HD) digital signal.  
 
LCD is expected to become the dominant television technology by 2010, capturing 
approximately 57% of sales in that year. Although LCD screens typically use less electricity on a 
per inch basis, consumers typically choose screens that are larger when purchasing an LCD 
screen compared to cathode ray tube screens (CRTs). The most popular television on the market 
today is the 27” CRT, but this is expected to shift within the next five years to the 32” LCD 
television. This trend has the effect of reducing the electricity advantage that would be gained 
from a direct switch from CRT technology to LCD technology.  
 
In addition to the increase in screen size, HD television models typically consume more power 
than equivalent standard definition televisions for all technology types. Since the trend with 
televisions is towards HD sets with greater resolution, television unit electricity use is expected 
to increase in the future.  
 
The growing popularity of larger and higher resolution screens means that by 2010 national 
television electricity consumption is also expected to grow by up to 50%. 
 
In light of these changes, UECs for televisions are assumed to increase from 178 kWh/yr to 250 
kWh/yr over the study period. These assumptions are based on market and energy use data 
collected as part of a 2006 study Technology and Market Profile: Consumer Electronics.47 
 
                                                 
 
46

 NRCan, Energy Use Data Handbook, 2005. 
47

 Marbek Resource Consultants. Technology and Market Profile: Consumer Electronics, September 2006. 
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� Television Peripherals 
 
One implication of the above pending changes towards digital television broadcasting is that new 
signal adaptors, commonly referred to as set-top boxes (STBs), will need to be added to nearly 
two-thirds of Canadian households to receive a television signal.  
 
Industry representatives estimate that each Canadian subscriber household has, on average, 1.5 
set-top boxes.48 They also note that the trend is towards a greater number of STBs per household 
and, by 2010, the industry estimates that the average will have increased to approximately 2 
STBs per subscriber household.  
 
When complete, the switch to digital broadcasting is expected to increase national STB 
electricity consumption by up to four times its current level due to the added requirement for 
STBs among those televisions currently operating on analog cable or over-the-air broadcast 
signals. Moreover, within these STBs the most significant trend is towards greater functionality, 
which is directly associated with further increases in unit electricity consumption. 

 
In light of these changes, UECs for television peripherals are assumed to increase from 220 
kWh/yr to 310 kWh/yr over the study period. These assumptions are based on market and energy 
use data collected as part of a 2006 study49.  

 
� Computers and Peripherals 
 
Electricity consumption for personal computers is expected to increase despite the move to more 
energy-efficient flat-screen technology. Again, this is due in part to the growing preference for 
larger screens but mainly due to a trend towards longer operating hours both in full operating 
mode and in idle mode. There is also a move towards increasing numbers and functionality of 
computer peripherals, increasing consumption further. 
 
UECs for personal computers and their peripherals are assumed to increase from 390 kWh/yr to 
560 kWh/yr over the study period.  
 
� Other Electronics 
 
Other entertainment devices, such as computer games and music systems, are becoming more 
powerful, again as functionality increases. For example, the new Play Station 3 games console 
uses 360 watts compared to its predecessor, which uses only 45 watts. One of the selling features 
of the Nintendo Wii is that it can be left on for 24 hours a day.  
 
UECs for other electronics are assumed to increase from 160 kWh/yr to 190 kWh/yr over the 
study period.  
 

                                                 
 
48

 Marbek. Technology and Market Profile, 2006. 
49

 Marbek. Technology and Market Profile, 2006. 
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� Small Appliances and Other 
 
Based on the changes observed in previous studies, new end uses are constantly emerging, some 
of which are substantial consumers of electricity. An example of a new end use that may emerge 
as a significant user of electricity during the study period is electric vehicle charging. Electric 
cars and plug-in hybrids could achieve substantial penetration during the study period (some 
studies suggest as much as 15% by 2015).50 Much of the charging would likely occur in off-peak 
periods. Charging of a typical electric vehicle would, however, require approximately 7,000 
kWh/yr,51 which would nearly double the annual electricity consumption for a home without 
electric heat.  
 
The UECs for the small appliances and other categories increase over the study period in 
anticipation of new end uses, but there is considerable uncertainty in the amount of this increase.  
 
4.5 APPLIANCE SATURATION TRENDS  
 
To develop estimates of the future saturation of residential equipment, references from BC 
Hydro and the original CPR were reviewed along with data on trends in the increasing use of 
entertainment-based electronics.  
 
A comparison of the saturation levels reported in the original CPR and the current levels reported 
in the REUS show that the saturation of most end-use appliances has remained relatively 
constant, suggesting that further changes to saturations are unlikely within the study period. 
There are exceptions: space cooling, computers and television peripherals. Based on current 
trends and industry data,52 the following assumptions have been incorporated into the Reference 
Case: 
 
� Space cooling saturation levels increase by 30% over the study period 
� Computer saturation levels increase by approximately 60% over the study period 
� Television peripherals saturation levels increase by over 100%. 
 
4.6 STOCK GROWTH 
 
The next step in developing the Reference Case involved the development and application of 
estimated levels of growth in each dwelling type and service region over the study period. The 
stock growth rates employed are the same as those employed in BC Hydro’s most recent load 
forecast; they are derived from data provided by BC Hydro and prepared by The Conference 
Board of Canada.53  
 
Overall growth numbers for a given dwelling type were apportioned between electric and non-
electric dwellings to reflect the distribution identified in previous studies undertaken for Terasen 

                                                 
 
50

 C. Brown (External Review Panel), Personal Correspondence. 
51

 California EPA, Air Resources Board, Fact Sheet: Battery Electric Vehicles, Sacramento, CA: 2003, 
http://www.arb.ca.gov/msprog/zevprog/factsheets/evinformation.pdf.  
52

 Marbek, Technology and Market Profile, 2006. 
53

 Conference Board of Canada, British Columbia Regional Economic Outlook: 2006-2025, April 2006. 
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Gas, and the resulting forecast estimates in the growth of natural gas-heated dwellings. In the 
Lower Mainland, the growth in electrically heated dwellings is expected to be greater than the 
growth in non-electrically heated dwellings. In the other regions, the non-electrically heated 
category is expected to grow faster. Fuel shares for individual end uses within either category 
remain constant in the model, but the overall fuel shares change with time because of the 
different rates of growth between the electrically-heated and non-electrically heated dwellings. 
 
Exhibit 4.7 presents a summary of the rates employed in the model. Exhibit 4.8 presents the 
resulting number of units, by year and dwelling type. 
 

Exhibit 4.7: Annual Growth Rates in Period by Dwelling Type and BC Hydro Service 
Area %  

 
Sources: Growth rates derived from the Conference Board of Canada and BC Hydro Load Forecast.  
Note: Non-electric accounts are BC Hydro accounts for dwellings whose primary heating fuel is not electricity.

Single/
Duplex

Row
Apart
ment

Mobile
Single/
Duplex

Row
Apart
ment

Mobile

Lower Mainland
F2006-F2011 2.1% 3.7% 3.3% 2.6% 1.1% 3.0% 0.5% 1.3%
F2011-F2016 1.8% 3.0% 3.1% 2.6% 1.0% 2.5% 0.6% 1.3%
F2016-F2021 1.5% 3.0% 2.8% 2.6% 0.8% 2.5% 0.6% 1.3%
F2021-F2026 1.3% 1.9% 2.1% 2.6% 0.7% 1.6% 0.4% 1.3%

Vancouver Island
F2006-F2011 0.8% 0.6% 2.1% 2.4% 1.6% 2.8% 0.5% 1.6%
F2011-F2016 0.7% 0.6% 2.0% 2.4% 1.3% 2.2% 0.5% 1.6%
F2016-F2021 0.6% 0.6% 1.8% 2.4% 1.0% 2.2% 0.4% 1.6%
F2021-F2026 0.4% 0.4% 1.3% 2.4% 0.8% 1.4% 0.3% 1.6%

Southern Interior
F2006-F2011 0.9% 1.4% 2.2% 1.9% 1.3% 2.1% 0.9% 1.7%
F2011-F2016 0.7% 1.0% 1.7% 1.9% 1.0% 1.5% 0.8% 1.7%
F2016-F2021 0.5% 0.9% 1.3% 1.9% 0.7% 1.3% 0.6% 1.7%
F2021-F2026 0.3% 0.5% 0.8% 1.9% 0.5% 0.7% 0.4% 1.7%

Northern Region
F2006-F2011 0.6% 1.0% 1.0% 1.9% 0.8% 1.9% 0.4% 1.7%
F2011-F2016 0.5% 0.9% 0.9% 1.9% 0.7% 1.6% 0.4% 1.7%
F2016-F2021 0.4% 1.0% 0.9% 1.9% 0.6% 1.8% 0.4% 1.7%
F2021-F2026 0.4% 0.7% 0.7% 1.9% 0.5% 1.2% 0.3% 1.7%

Electric Accounts Non-Electric Accounts

Region and Period
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Exhibit 4.8: Residential Stock, F2006 and F2026 (Number of Units)  

Lower 
Mainland

Vancouver 
Island

Southern 
Interior

Northern 
Region

Total
Lower 

Mainland
Vancouver 

Island
Southern 
Interior

Northern 
Region

Total

Single-family/Duplex Dwelling, Pre 1976, Electric Heating 20,440 24,385 6,883 6,051 57,759 18,890 22,006 6,258 5,431 52,585
Single-family/Duplex Dwelling, Post 1976, Electric Heating 46,883 80,053 13,506 11,699 152,141 72,920 93,098 15,924 13,215 195,158
Single-family/Duplex Dwelling, Pre 1976, Non-Electric Heating 116,928 35,508 30,062 24,323 206,821 106,607 32,394 27,464 21,906 188,372
Single-family/Duplex Dwelling, Post 1976, Non-Electric Heating 258,440 58,502 57,134 46,136 420,212 328,083 82,153 72,284 54,998 537,518
Row, Pre 1976, Electric Heating 5,065 2,763 1,685 729 10,242 4,807 2,485 1,542 659 9,494
Row, Post 1976, Electric Heating 55,819 11,951 5,185 907 73,862 102,338 13,379 6,584 1,208 123,509
Row, Pre 1976, Non-Electric Heating 6,569 826 1,127 556 9,078 6,212 765 1,040 509 8,527
Row, Post 1976, Non-Electric Heating 29,142 3,815 3,661 1,417 38,035 50,754 6,206 5,178 2,141 64,279
First Nations, Electric Heat 305 662 707 524 2,198 450 710 774 542 2,475
First Nations, Non-Electric Heat 1,363 499 1,584 780 4,226 1,631 652 1,866 854 5,003
Low-rise Apartment Units, Electric Heating, Suite 41,311 23,066 7,608 7,526 79,511 73,686 32,098 10,466 8,995 125,244
Low-rise Apartment Units, Electric Heating, Common Areas 6,379 2,822 1,006 1,223 11,430 11,142 3,903 1,385 1,463 17,894
Low-rise Apartment Units, Non-electric Heating, Suite 62,266 11,242 4,332 4,349 82,189 69,618 12,441 4,868 4,640 91,565
Low-rise Apartment Units, Non-electric Heating, Common Areas 5,355 1,316 552 730 7,953 5,995 1,465 620 779 8,859
High-rise Apartment Units, Electric Heating, Suite 86,518 16,991 5,543 2,694 111,746 150,432 25,015 7,201 3,117 185,765
High-rise Apartment Units, Electric Heating, Common Areas 1,211 315 105 55 1,686 2,190 431 143 65 2,828
High-rise Apartment Units, Non-electric Heating, Suite 88,532 12,985 2,151 889 104,557 98,659 13,822 2,513 969 115,963
High-rise Apartment Units, Non-electric Heating, Common Areas 1,262 190 42 20 1,514 1,403 209 49 22 1,683
Mobile, Electric Heating 12,723 13,681 9,816 5,094 41,314 21,259 21,985 14,303 7,422 64,968
Mobile, Non-electric Heating 12,597 15,056 21,155 20,483 69,291 16,310 20,682 29,637 28,695 95,324
Subtotal 844,900 311,985 172,140 134,157 1,463,182 1,122,656 379,888 207,902 155,302 1,865,748

Dwelling Type
F2006 F2026

 
Note: Any differences in totals are due to rounding.

 

In this study, dwelling units are defined on the basis of BC Hydro customer account data; minor variations may exist with other housing data sources. 
 



BC Hydro Conservation Potential Review 2007  –Residential Sector– 

Marbek Resource Consultants Ltd.  Page 67 

4.7 FUEL SHARES  
 
The only change in fuel shares assumed in the study period is the relative growth in electrically 
heated versus non-electrically heated dwellings, as discussed in Section 4.6 above. No changes 
are assumed in the fuel shares for any of the other end uses. 
 
4.8 SUMMARY OF MODEL RESULTS 
 
This section presents the results of the model runs for the entire study period. The results are 
measured at the customer’s point-of-use and do not include line losses. They are presented in 
five separate exhibits: 
 
� Exhibit 4.9 presents the model results for the total BC Hydro service area. The results are 

broken out by dwelling type and end use. 
 
� Exhibits 4.10 to 4.13 present the same results, broken out by dwelling type and end use 

for each of the four service regions defined for this CPR.  
 

Appendix F provides a monthly breakdown of the F2011 Reference Case results for the total BC 
Hydro service area. 
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Exhibit 4.9: Reference Case Electricity Consumption for the Total BC Hydro Service Area, Modelled by End Use and 
Dwelling Type (GWh/yr) 

 
Notes: 
1) Results are measured at the customer’s point-of-use and do not include line losses.  
2) Any differences in totals are due to rounding. 
3) In the above Exhibit a value displays as 0 if it is between 0 and 0.5. Totals are calculated using the actual numerical value. 
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F2011 11,709 2,711 249 574 851 523 897 456 57 62 695 1,480 541 377 442 164 489 1,141 0
F2016 12,429 2,826 301 612 873 537 827 438 58 63 698 1,529 703 409 519 178 510 1,348 0
F2021 13,090 2,924 349 644 889 547 756 418 59 64 695 1,566 865 439 574 192 526 1,582 0
F2026 13,711 3,005 394 669 898 553 688 396 59 64 687 1,593 1,037 473 603 205 539 1,846 0

F2011 1,608 466 16 42 156 79 117 47 8 8 90 198 81 60 69 26 11 133 0
F2016 1,833 521 20 49 170 87 116 48 8 8 97 221 113 70 89 30 12 172 0
F2021 2,091 585 25 57 186 97 115 49 9 9 105 247 149 82 103 35 14 223 0
F2026 2,295 630 29 63 196 103 109 49 10 10 109 264 186 93 114 39 14 277 0

F2011 1,347 330 14 52 165 66 93 16 5 4 43 326 74 50 38 22 8 32 10
F2016 1,516 367 17 57 178 70 96 16 5 4 44 350 100 56 72 24 9 40 10
F2021 1,665 406 20 61 192 75 98 17 5 4 46 373 127 63 81 27 10 49 11
F2026 1,793 439 22 65 201 78 98 16 5 4 47 391 155 71 88 30 11 59 12

F2011 1,873 349 15 70 226 90 126 20 7 5 61 565 105 68 50 29 4 46 37
F2016 2,131 392 18 78 249 97 131 20 7 5 64 614 141 78 99 34 4 58 40
F2021 2,361 437 22 85 273 104 135 21 8 6 67 664 180 89 112 38 5 72 44
F2026 2,563 475 25 92 292 109 137 21 8 6 69 703 221 99 122 42 5 88 47

F2011 1,306 331 53 46 192 57 96 58 4 6 73 108 48 42 54 19 24 95 0
F2016 1,450 365 65 51 207 61 92 58 5 7 77 117 66 55 61 21 26 115 0
F2021 1,615 403 76 57 223 66 89 59 5 7 81 127 88 63 78 24 29 139 0
F2026 1,794 446 86 64 240 72 86 59 5 8 85 138 115 72 89 28 31 170 0

F2011 17,843 4,187 347 784 1,590 815 1,329 597 81 84 961 2,677 850 598653 259 537 1,447 47
F2016 19,359 4,472 421 847 1,678 853 1,262 581 84 87 981 2,830 1,123 668 840 287 562 1,732 51
F2021 20,821 4,756 491 905 1,763 888 1,193 563 86 90 995 2,977 1,409 736 949 316 583 2,066 56
F2026 22,156 4,995 556 953 1,827 914 1,118 542 88 91 998 3,090 1,714 809 1,017 344 601 2,440 60
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Exhibit 4.10: Reference Case Electricity Consumption for the Lower Mainland, Modelled by End Use and Dwelling Type 
(GWh/yr) 

Notes:  
1) Results are measured at the customer’s point-of-use and do not include line losses.  
2) Any differences in totals are due to rounding. 
3) In the above Exhibit a value displays as 0 if it is between 0 and 0.5. Totals are calculated using the actual numerical value. 
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F2011 5,645 1,016 55 321 254 293 500 215 34 35 394 854 297 208 231 90 181668 0
F2016 6,090 1,085 75 343 269 303 463 208 34 36 398 887 380 227 288 98 190806 0
F2021 6,492 1,148 96 363 281 310 426 199 35 37 399 915 460 246 308 106 198 965 0
F2026 6,894 1,205 118 380 292 316 389 190 35 37 396 936 542 267 326 114 205 1,148 0

F2011 1,207 340 5 32 106 61 91 33 6 6 69 158 63 45 56 19 5 110 0
F2016 1,405 391 7 38 120 69 92 35 7 7 76 179 89 54 69 23 5 145 0
F2021 1,640 450 10 45 135 78 92 37 8 8 84 203 118 65 82 28 6 191 0
F2026 1,825 492 12 50 145 84 89 37 8 8 88 220 147 75 92 31 7 240 0

F2011 832 191 3 32 87 44 60 9 3 2 30 211 52 33 24 14 7 23 7
F2016 952 219 4 35 96 47 62 9 4 3 31 228 69 37 48 16 8 28 7
F2021 1,059 248 5 38 106 50 64 10 4 3 33 245 87 42 53 18 8 35 8
F2026 1,154 273 7 41 113 52 65 10 4 3 34 259 106 48 58 20 9 43 9

F2011 1,546 290 7 61 171 74 102 16 6 4 51 483 89 56 41 24 4 38 29
F2016 1,770 328 9 68 192 80 107 16 6 5 54 527 119 64 82 28 4 49 32
F2021 1,973 368 12 75 213 86 111 17 7 5 57 573 151 74 92 31 4 61 35
F2026 2,152 402 14 81 230 91 113 17 7 5 59 610 185 83 101 35 5 75 38

F2011 334 105 6 10 47 15 22 14 1 1 17 28 10 11 14 5 0 27 0
F2016 373 117 8 11 51 16 21 14 2 1 19 30 14 14 16 5 0 34 0
F2021 417 130 9 12 56 17 21 14 2 2 20 33 17 16 18 6 0 43 0
F2026 467 144 11 14 61 19 20 14 2 2 21 36 22 19 21 7 0 55 0

F2011 9,564 1,943 76 455 665 487 776 287 51 49 562 1,734 511 354 366 152196 865 36
F2016 10,591 2,139 103 495 728 515 746 282 53 52 579 1,852 670 397 503 170 207 1,062 40
F2021 11,580 2,344 132 533 792 542 714 276 55 54 592 1,969 834 443 553 189 217 1,297 44
F2026 12,492 2,516 161 565 842 562 676 268 56 55 598 2,061 1,002 491 598 207 225 1,562 47
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Exhibit 4.11: Reference Case Electricity Consumption for Vancouver Island, Modelled by End Use and Dwelling Type 
(GWh/yr) 

Notes:  
1) Results are measured at the customer’s point-of-use and do not include line losses.  
2) Any differences in totals are due to rounding. 
3) In the above Exhibit a value displays as 0 if it is between 0 and 0.5. Totals are calculated using the actual numerical value. 
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F2011 3,492 1,242 11 112 426 118 198 112 12 14 158 315 127 87 106 38 158 258 0
F2016 3,666 1,280 16 120 433 121 182 107 12 14 158 325 168 95 120 41 165 309 0
F2021 3,826 1,308 21 127 436 123 166 102 13 14 157 331 209 101 136 44 170367 0
F2026 3,968 1,328 26 132 436 124 151 97 12 14 154 336 254 109 142 47 174 431 0

F2011 239 85 1 5 32 10 17 6 1 1 12 24 11 8 5 4 2 15 0
F2016 255 88 1 6 32 10 15 6 1 1 12 25 14 9 11 4 2 18 0
F2021 268 90 2 6 32 10 14 6 1 1 12 26 18 10 12 4 2 22 0
F2026 279 92 2 6 32 11 13 5 1 1 12 26 21 11 12 5 2 26 0

F2011 310 83 0 13 46 13 19 3 1 1 8 76 14 10 8 4 1 6 2
F2016 343 90 1 14 49 14 20 3 1 1 9 81 19 11 15 5 1 7 2
F2021 371 97 1 15 51 15 20 3 1 1 9 86 25 13 17 6 1 9 2
F2026 394 102 1 16 53 15 20 3 1 1 9 89 31 14 18 6 2 11 2

F2011 225 40 0 6 37 11 17 2 1 1 7 58 13 9 7 4 0 6 6
F2016 249 44 0 6 39 12 17 2 1 1 8 61 17 10 13 4 0 7 6
F2021 270 48 0 7 41 13 18 2 1 1 8 64 22 11 15 5 0 8 6
F2026 287 51 1 7 42 13 18 2 1 1 8 66 27 12 16 5 0 10 7

F2011 344 109 2 10 53 15 25 12 1 2 22 27 13 10 13 4 4 24 0
F2016 385 121 3 11 57 16 24 12 1 2 23 30 19 13 15 5 4 30 0
F2021 434 135 4 13 61 18 23 12 1 2 24 32 25 15 21 6 4 38 0
F2026 487 150 5 14 66 19 23 12 1 2 26 35 33 17 24 7 5 48 0

F2011 4,609 1,560 14 146 594 167 276 135 16 18 207 500 178 125 139 55 165308 8
F2016 4,898 1,623 21 158 610 173 259 130 16 18 209 521 237 138 173 60 173371 8
F2021 5,168 1,678 28 168 622 178 241 125 16 19 210 540 299 150 200 65 178443 9
F2026 5,415 1,724 35 176 630 182 224 119 16 19 209 553 367 162 212 70 183 526 9
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Exhibit 4.12: Reference Case Electricity Consumption for the Southern Interior, Modelled by End Use and Dwelling Type 
(GWh/yr) 

Notes: 
1) Results are measured at the customer’s point-of-use and do not include line losses.  
2) Any differences in totals are due to rounding. 
3) In the above Exhibit a value displays as 0 if it is between 0 and 0.5. Totals are calculated using the actual numerical value. 
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F2011 1,495 202 181 80 91 62 114 72 7 7 81 173 69 46 59 20 101 129 0
F2016 1,571 207 207 84 92 63 105 69 7 7 81 178 93 50 63 22 104 140 0
F2021 1,641 210 228 88 92 64 95 65 7 7 80 180 118 53 74 23 107 151 0
F2026 1,693 211 245 90 91 64 85 61 7 7 78 181 146 56 76 25 109 160 0

F2011 126 29 10 4 15 6 7 5 0 1 6 12 6 5 6 2 5 7 0
F2016 134 31 12 4 15 6 7 5 0 1 7 13 8 5 6 2 5 7 0
F2021 143 32 13 5 15 6 6 5 0 1 7 14 10 6 7 2 5 8 0
F2026 148 33 14 5 16 6 6 5 0 1 7 14 12 6 8 3 5 9 0

F2011 105 24 10 3 17 5 7 2 0 0 3 18 4 4 2 2 0 2 0
F2016 117 26 12 4 18 5 7 2 0 0 3 19 6 4 5 2 0 2 1
F2021 126 27 13 4 19 5 7 2 0 0 3 20 8 5 6 2 0 3 1
F2026 132 28 14 4 19 5 7 2 0 0 3 21 10 5 6 2 0 3 1

F2011 71 11 7 2 12 3 5 1 0 0 2 17 3 2 2 1 0 1 1
F2016 79 11 9 2 13 3 5 1 0 0 2 18 4 3 3 1 0 2 1
F2021 85 12 9 3 13 3 5 1 0 0 2 19 5 3 4 1 0 2 2
F2026 89 12 10 3 14 3 4 1 0 0 2 20 7 3 4 1 0 2 2

F2011 355 54 44 14 55 15 27 18 1 2 18 29 14 11 15 5 16 18 0
F2016 393 59 52 16 59 16 26 18 1 2 19 31 19 15 16 6 17 20 0
F2021 435 65 60 17 63 17 25 18 1 2 20 34 26 17 22 6 19 23 0
F2026 479 71 67 19 67 19 24 18 1 2 21 37 35 19 24 7 20 27 0

F2011 2,152 320 253 103 190 91 160 99 9 10 111 250 95 68 84 30 121 157 2
F2016 2,295 334 291 110 197 94 149 95 9 10 112 259 130 76 94 33 127 172 2
F2021 2,429 346 323 116 203 96 138 92 9 10 111 267 168 82 112 35 131187 2
F2026 2,541 356 350 121 207 97 127 87 9 10 110 272 211 89 119 38 135 201 2
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Exhibit 4.13: Reference Case Electricity Consumption for the Northern Region, Modelled by End Use and Dwelling Type 
(GWh/yr) 

Notes:  
1) Results are measured at the customer’s point-of-use and do not include line losses.  
2) Any differences in totals are due to rounding. 
3) In the above Exhibit a value displays as 0 if it is between 0 and 0.5. Totals are calculated using the actual numerical value. 
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F2011 1,078 251 2 61 80 50 85 58 5 6 63 138 48 35 45 16 49 87 0
F2016 1,101 255 3 64 80 50 77 54 4 6 62 139 62 37 48 17 50 93 0
F2021 1,132 258 4 66 80 50 69 51 4 6 60 140 78 40 57 18 51 100 0
F2026 1,156 261 5 68 79 50 62 48 4 6 59 141 95 42 59 19 52 106 0

F2011 36 12 0 1 4 2 2 2 0 0 2 4 2 1 2 1 0 2 0
F2016 38 12 0 1 4 2 2 2 0 0 2 4 3 2 2 1 0 2 0
F2021 41 13 0 2 4 2 2 2 0 0 2 4 3 2 2 1 0 2 0
F2026 43 13 0 2 4 2 2 2 0 0 2 4 4 2 2 1 0 2 0

F2011 100 32 0 4 15 5 6 2 0 0 1 21 4 3 4 1 0 2 0
F2016 105 33 0 4 15 5 6 2 0 0 1 21 5 3 4 2 0 2 0
F2021 110 34 0 4 15 5 6 2 0 0 1 22 6 4 5 2 0 2 0
F2026 114 36 0 4 15 5 6 2 0 0 1 22 7 4 5 2 0 2 0

F2011 31 8 0 1 5 1 2 1 0 0 0 7 1 1 1 0 0 1 1
F2016 33 9 0 1 5 1 2 1 0 0 0 8 1 1 1 0 0 1 1
F2021 34 9 0 1 5 1 2 1 0 0 0 8 2 1 2 0 0 1 1
F2026 35 9 0 1 5 1 2 1 0 0 0 8 2 1 2 1 0 1 1

F2011 273 62 2 12 37 12 22 15 1 1 16 24 10 10 13 4 5 26 0
F2016 299 68 2 13 40 13 21 15 1 1 16 26 15 13 14 5 5 30 0
F2021 329 74 3 15 42 14 20 15 1 2 17 28 19 15 18 6 6 35 0
F2026 361 80 4 17 45 15 19 15 1 2 18 30 25 17 20 6 6 40 0

F2011 1,517 365 4 80 141 70 117 77 6 7 82 193 65 51 65 23 54 117 1
F2016 1,576 376 6 84 144 71 108 74 6 7 82 197 86 57 70 25 55 128 1
F2021 1,645 388 8 88 146 72 99 71 6 8 81 202 108 61 84 27 57 139 1
F2026 1,708 399 9 92 149 73 91 67 6 8 81 205 134 66 89 29 58 151 1
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4.9 COMPARISON WITH BC HYDRO FORECAST 
 
Exhibit 4.14 compares the model results with the BC Hydro (December 2006) forecast. As 
illustrated, the modelled Reference Case matches the BC Hydro forecast closely. 
 

Exhibit 4.14: Comparison of Reference Case Modelled Electricity Use with BC Hydro 
Load Forecast Data for the Total BC Hydro Service Area (GWh/yr) 

F2006 F2011 F2016 F2021 F2026
BCH Load Forecast 16,241 18,426 20,115 21,927 23,508
Net load Removed from Residential Sector 311 438 495 558 618
Adjusted BCH Forecast 15,930 17,988 19,620 21,369 22,890
Model Result 16,106 17,843 19,359 20,821 22,156
% Difference 1.1% -0.8% -1.3% -2.6% -3.2%

Milestone Year

 
Note: Results are measured at the customer’s point of use and do not include line losses. 
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5. REFERENCE CASE PEAK LOAD PROFILE 
 
5.1 INTRODUCTION 
 
This section provides the Residential sector Reference Case electric peak load profile for each of 
the study’s milestone years (F2011, F2016, F2021, F2026). The Reference Case peak load 
profile estimates the expected level of demand in each of the five peak periods that would occur 
over the study period in the absence of new DSM initiatives or rate changes. The Reference 
Case, therefore, provides the point of comparison for the calculation of peak load savings 
associated with each of the subsequent scenarios that are assessed within this study. 
 
The discussion is organized into the following subsections: 
 
� Methodology 
� Summary of model results. 
 
5.2 METHODOLOGY 
 
The electric peak loads for each combination of end use, subsector, service region and milestone 
year are calculated in exactly the same manner as shown in Section 3, which presented the Base 
Year electric peak load profiles.  
 
For this Reference Case, the electric energy consumption (from Section 4) is converted to a 
demand value for each of the four peak period definitions by dividing the applicable electric 
energy value for each subsector by the corresponding Residential sector load shape hours-use 
factors (e.g. 2,136 for Peak Period 1 for Load Shape 1016 – space heating for SFD), as presented 
previously in Exhibit 3.3. Under the assumption that space heating load shapes will not change in 
the Reference Case for future years, electric energy consumption (kWh/yr) for space heating in 
single-family/duplex dwellings in all service regions and all milestone years is converted to MW 
in Peak Period 1 (Annual System Peak Hour) by dividing the electric energy consumption by the 
corresponding hours-use factor presented in Exhibit 3.5.  
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5.3 SUMMARY OF RESULTS 
 
A summary of the Reference Case peak load profiles is presented in Exhibit 5.1. 
 

Exhibit 5.1: Electric Peak Loads, by Milestone Year, Peak Period and Service Region 
(MW) 

Period 1
Peak Hour

Period 2
Critical Peak Day

Period 3
Winter Peak Day

Period 4
Winter Peak Energy

F2006 4,813 4,360 3,638 3,055
F2011 5,244 4,778 3,975 3,348
F2016 5,976 5,464 4,541 3,829
F2021 5,976 5,479 4,554 3,843
F2026 6,802 6,258 5,184 4,386

F2006 2,542 2,280 1,845 1,566
F2011 2,826 2,554 2,065 1,758
F2016 3,317 3,012 2,440 2,077
F2021 3,353 3,055 2,479 2,111
F2026 3,998 3,662 2,966 2,529

F2006 1,352 1,250 1,092 891
F2011 1,441 1,337 1,163 953
F2016 1,598 1,486 1,287 1,057
F2021 1,577 1,469 1,272 1,046
F2026 1,695 1,582 1,366 1,127

F2006 489 440 373 322
F2011 527 477 402 348
F2016 571 518 436 378
F2021 569 518 435 378
F2026 606 554 465 404

F2006 429 389 329 275
F2011 450 410 345 290
F2016 491 448 378 316
F2021 478 437 367 308
F2026 503 461 388 326

Service 
Region

Peak Period
Milestone 

Year

Lower 
Mainland

Vancouver 
Island

Southern 
Interior

Northern 
Region

Total BCH
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6. ENERGY EFFICIENCY MEASURES 
 
6.1 INTRODUCTION 
 
This section identifies and assesses the economic attractiveness of the selected energy efficiency 
technology measures for the Residential sector. The discussion is organized and presented as 
follows: 
 
� Methodology 
� Description of energy efficiency technologies 
� Summary of “unbundled” results 
� Energy efficiency supply curves. 
 
6.2 METHODOLOGY 
 
The following steps were employed to assess the energy efficiency measures:  
 
� Select candidate energy efficiency measures 
� Establish technical performance for each option within a range of applicable load sizes 

and/or service region conditions (e.g., degree days) 
� Establish the capital, installation and operating costs for each option 
� Calculate the cost of conserved energy (CCE) for each technology and O&M measure. 
 
Step 1 Select Candidate Measures 

 

The candidate measures were selected in close collaboration with BC Hydro personnel and 
External Review Panel (ERP) members based on a combination of a literature review and 
previous study team experience.54 The selected measures are all considered to be technically 
proven and commercially available, even if only at an early stage of market entry. Technology 
costs, which will be addressed in this section, were not a factor in the initial selection of 
candidate technologies. 
 
Step 2 Establish Technical Performance 
 
Information on the performance improvements provided by each measure was compiled from 
available secondary sources, including the experience and on-going research work of study team 
members.  
 
Step 3 Establish Capital, Installation and Operating Costs for Each Measure 
 
Information on the cost of implementing each measure was also compiled from secondary 
sources, including the experience and on-going research work of study team members.  
 

                                                 
 
54

 Operation and maintenance (O&M) measures, which are included in the commercial and industrial sector reports, are not 
included in the residential sector; these types of measures are addressed in the Behaviour analysis and are reported under separate 
cover.  
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The incremental cost is applicable when a measure is installed in a new facility, or at the end of 
its useful life in an existing facility; in this case, incremental cost is defined as the cost difference 
for the energy efficiency measure relative to the “baseline” technology. The full cost is 
applicable when an operating piece of equipment is replaced with a more efficient model prior to 
the end of its useful life.55  
 
In both cases, the costs and savings are annualized, based on the number of years of equipment 
life and the discount rate, and the costs incorporate applicable changes in annual O&M costs. All 
costs are expressed in constant 2007 dollars. 
  
Step 4 Calculate CCE for Each Measure 
 
One of the important sets of information provided in this section is the CCE associated with each 
energy efficiency measure. The CCE for an energy efficiency measure is defined as the 
annualized incremental cost of the upgrade measure divided by the annual energy savings 
achieved, excluding any administrative or program costs required to achieve full use of the 
technology or measure. All cost information presented in this section and in the accompanying 
tables (see Appendix G) are expressed in constant 2007 dollars. 

 
The CCE provides a basis for the subsequent selection of measures to be included in the 
Economic Potential forecast (see Section 7). The CCE is calculated according to the following 
formula: 
 
 
 
 Where:  

 CA is the annualized installed cost 
 M is the incremental annual cost of operation and maintenance (O&M) 
 S is the annual kWh energy savings 

    

 And A is the annualization factor 
 

 Where:  
   

 
 
i is the discount rate  
n is the life of the measure 

 
The detailed CCE tables (see Appendix G) show both “incremental” and “full” installed costs for 
the energy efficiency measures, as applicable. If the measure or technology is installed in a new 
facility, or at the point of natural replacement in an existing facility, then the “incremental” cost 
of the measure versus the cost of the baseline technology is used. If, prior to the end of its life, an 
operating piece of equipment is replaced with a more efficient model, then the “full” cost of the 
efficient measure is used.  
 

                                                 
 
55

 It is recognized that measures can be implemented prior to the end of their useful life, that is, early retirement. However, in 
this study early retirement is treated as a program option and is considered in the Achievable Potential chapter.  
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The annual saving associated with the efficiency measure is the difference in annual electricity 
consumption with and without the measure.  
 
The CCE calculation is sensitive to the chosen discount rate. In the CCE calculations that 
accompany this document, three discount rates are shown: 4%, 6% and 8%. Based on the 
recommendation of BC Hydro’s Energy Planning Department, the 6% real discount rate was 
used for the primary CCE calculation. The CCE was also calculated using the 4% and 8% real 
discount rates to provide sensitivity analysis. 

 
Selection of the appropriate discount rate to be used in this analysis was guided by the intended 
use of the study results. The CPR seeks to identify the economic potential for DSM in B.C. from 
a provincial perspective. Therefore, the appropriate discount rate is the social opportunity cost of 
capital, which is the estimated average pre-tax rate of return on public and private investments in 
the provincial economy.  
 
BC Hydro is now using a 3.1% real discount rate as directed by the BC Utilities Commission in 
its May 11, 2007 decision on BC Hydro’s 2006 Integrated Electricity Plan (IEP) and Long Term 
Acquisition Plan (LTAP). Nonetheless, the impact on this study’s results is minimal given that 
there is only a very small amount of savings potential that do not pass the economic screen of 
$0.088/kWh at 6% but do at 4% (see Appendix F). 
 
Step 5 Estimate Approximate “Unbundled” Energy Savings Potential for Each Measure 
 
The next step in the assessment was to prepare an approximate estimate of the potential 
“unbundled” energy savings that could theoretically be provided by each measure over the study 
period. The term “unbundled” means that the savings for each measure are calculated in isolation 
of other important factors that ultimately determine the potential for real life savings.  
 
The strength of this approach is that it provides insight into the relative size of the potential 
energy savings associated with individual measures; this perspective is often of particular value 
to DSM program design personnel who may need to consider combinations of energy efficiency 
measures that differ from those selected for the CPR analysis. 
 
However, it should be noted that the savings from individual measures cannot be used directly to 
calculate total savings potential. This is due primarily to two factors:  
 
� More than one upgrade may affect a given end use. For example, improved insulation 

reduces space heating electricity use, as does the installation of new energy-efficient 
windows. On its own, each measure will reduce overall space heating electricity use. 
However, the two savings are not additive. The order in which some upgrades are 
introduced is also important. In this study, the approach has been to select and model the 
impact of “bundles of measures” that reduce the load for a given end use (e.g., wall 
insulation and window upgrades that reduce the space heating load) and then to introduce 
measures that meet the remaining load more efficiently (e.g., a high-efficiency space 
heating system). 

 
� There are interactive effects among end uses. For example, the electricity savings from 

more efficient appliances and lighting result in reduced waste heat. During the space 
heating season, this appliance and lighting waste heat contributes to the building’s 
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internal heat gains, which lower the amount of heat that must be provided by the space 
heating system. The magnitude of the interactive effects can be significant. Based on 
selected building energy use simulations, a 100 kWh savings in appliance or lighting 
electricity use results, on average, in an increased space heating load of 42 kWh to 54 
kWh, depending on housing detachment type and geographical location.  

 
The above factors are incorporated in later stages of the analysis.  
 
Step 6 Prepare Energy Efficiency Supply Curves 
 
The final step in the assessment of the selected energy efficiency measures was the generation of 
a set of energy efficiency supply curves. Supply curves are built up based on the conserved 
electricity and the CCE for each measure. The RSEEM model was used to model the application 
of all technically feasible measures, accumulating the electricity savings and associated 
implementation costs for each dwelling type.  
 
Measures were applied sequentially, to account at least approximately for interaction between 
measures. The impact of building shell measures was modelled using HOT2000, but only 
individually – the full package of measures was not modelled together, nor was the impact of 
internal gains on space heating and cooling included. These effects will be modelled more 
thoroughly for the economic potential calculation, when all the measures that pass the economic 
screen will be modelled together. 
 
The accumulated savings and costs for each region were added together to present the overall 
supply curve for the province. They were sorted in order from lowest cost per kWh saved to 
highest cost, and presented on a graph showing CCE versus electricity savings.  
 
6.3 DESCRIPTION OF ENERGY EFFICIENCY TECHNOLOGIES 
 
This subsection provides a brief description of each of the energy efficiency technologies and 
measures that are included in this study, as listed in Exhibit 6.1. 
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Exhibit 6.1: Energy Efficiency Technologies and Measures - Residential Sector 
 

 
Existing Building Envelope 
� High- and super high-performance windows 
� Air leakage sealing 
� Attic insulation 
� Wall insulation 
� Foundation insulation 
� Crawl space insulation 
� Vacuum panel insulation 
 
New Building Design 
� Energy Star rated home 
� LEED rated apartment building 
� EnerGuide for Housing 80 
 
Space Heating, Cooling and Ventilation  
� Equipment 
� Programmable thermostat 
� Duct sealing 
� Air-source heat pump 
� Ground-source heat pump 
� High-efficiency heat recovery ventilator 
� Energy Star air conditioner 
� Electronically commutated permanent magnet 

motors for furnace fans 
� Integrated heating and DHW heat pumps 
 
 Domestic Hot Water 
� Low-flow shower heads and faucets 
� Water tank insulation 
� Pipe insulation 
� Heat traps 
� DHW heat pumps 
 

 
Major Appliances  
� Microwave/convection oven 
� Energy Star refrigerator 
� High-efficiency freezer 
� Energy Star dishwasher 
� Energy Star top loading clothes washer 
� Front loading clothes washer 
 
Household electronics 
� Reduction in standby losses 
� Flat-screen computer monitor (LCD) 
� Energy Star-compliant computer 
� Energy Star television 
� LCD television 
 
Lighting 
� CFLs 
� LED holiday Lighting 
� Lighting timers 
� Motion sensors 
� Replace T12s with T8s  
  
Other  
� Insulating swimming pool covers 
� Timers on pool pumps 
� Elevator measures 
 

 
The discussion is organized by major end use and is presented in the following subsections: 
 
� Existing building envelope 
� New building design 
� Space heating, cooling and ventilation equipment 
� Domestic hot water  
� Major appliances 
� Household electronics 
� Lighting 
� Other. 
 
Each energy efficiency improvement opportunity is discussed below, with a brief description of 
the technology, savings relative to the baseline, typical installed costs, applicability and co-
benefits.  
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6.3.1 Existing Building Envelope 
 

“Building envelope” measures improve the thermal performance of the building’s walls, 
roof and/or windows. These measures also provide significant co-benefits, such as 
increased occupant comfort, improved resale value, etc. Seven energy efficiency upgrade 
options were identified and assessed for this end use. They are: 
 
� High- and super high-performance windows 
� Air leakage sealing 
� Attic insulation 
� Wall insulation 
� Foundation insulation 
� Crawl space insulation 
� Vacuum panel insulation 
 
� High-Performance (Energy Star) Windows 

 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage Existing and new 
Costs $43 per m2 incremental cost in existing 

$21.50 per m2 incremental cost in new 
Savings 15% HVAC energy in existing SFD 

20% HVAC energy in new SFD56 
Useful Life 25 years 

 
High-performance windows are double glazed with a ½”-inch air space; they incorporate 
a number of additional energy-saving features including low-E (soft coating), insulating 
spacers, argon fill and low conductivity frames (a mix of sliders, hinged and picture). The 
more efficient windows reduce heat loss through the window by 25% or more, compared 
to the average low- or mid-efficiency replacement window depending on dwelling type 
and region. High-performance windows have a U-value of 2 or lower. High-performance 
windows also provide occupant co-benefits, such as reduced interior noise, reduced air 
leakage, greater thermal comfort and fewer condensation problems.  
 
This analysis employs an incremental cost of $43 per square meter57 to renovate an 
attached or detached dwelling to high-performance windows as opposed to standard 
windows; the corresponding savings are approximately 15% to 25% of space heating and 
a similar percentage of air conditioning and ventilation fan energy.  
 

                                                 
 
56

 Savings for several other building types and several climate zones were generated using HOT2000.  
57

 Cost data from recent review of Terasen Gas CPR 2006 assumptions. Different incremental costs are used for new and 
existing dwellings because of the different purchasing patterns that pertain to the two situations. Most windows used for new 
homes are purchased by tract builders at wholesale prices. In the wholesale market, the incremental cost between standard 
windows and Energy Star level performance is modest. In contrast, most windows purchased for retrofit, either by homeowners 
or by retrofit contractors, are priced at retail. In the retail market, there is a substantial mark-up applied to the increment between 
standard and Energy Star level windows. Competitive pressures may reduce this mark-up with time in some markets. 
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If the upgrade is chosen as part of a new construction, the incremental cost is $21.50 per 
square meter and the potential savings are higher because new homes tend to have more 
and larger windows. They are also a larger proportion of the heating energy consumption; 
because the other building shell components are better in a new home, windows account 
for a larger fraction of the heat loss than they do in an older home. The product lifetime 
for windows is approximately 25 years.58 

 
� Super High-Performance Windows 
 
 

 
 
 
 
 
 
 

Super-high performance windows incorporate additional features such as triple glazing, 
transparent insulating films or fibreglass frames as well as the low-E coating, argon fill 
and insulating spacers, giving them an equivalent R-value of up to R-11. These windows 
are approximately twice the cost of the high performance windows; incremental costs 
would be approximately $86 per square meter. Triple-glazed units are considerably 
heavier and present fastening issues for existing vinyl window frame extrusions. 

 
� Air Leakage Sealing 

 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage Existing and new 
Costs $900 incremental cost in existing 

$600 incremental cost in new 
Savings 10% of HVAC Energy  
Useful Life 25 years 

 
 

Air sealing of building envelopes includes completion of a blower door test to quantify 
leakage levels and to identify the location of air leaks. Generally, major leakage occurs at 
window-to-wall interfaces, around doors, through electrical and plumbing penetrations 
and at the top of foundation walls. Installation of sealant and gaskets are generally 
accepted methods for reducing air leakage in buildings.  

 
Air sealing also provides important co-benefits, including reduced drafts, increased 
occupant comfort and greater control over ventilation capability. In addition, reduced air 
leakage around windows and attic penetrations eliminates one of the key contributors to 
water ingress into exterior envelope assemblies. 
 

                                                 
 
58

 BC Hydro Power Smart, QA STANDARD Technology: Effective Measure Life, September 11, 2006. 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage Existing and new 
Costs $86 per m2 
Savings 20% to 35% of HVAC energy 
Useful Life 25 years 
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According to a study conducted by the Greater Vancouver Regional District, air leakage 
in existing dwellings can be reduced by as much as 33%, which results in space heating 
savings of 10%. Electricity savings from air conditioning, if applicable, and ventilation 
fans would be approximately the same percentage. The cost of leakage control is 
approximately $900 per existing single-family dwelling if undertaken by an air-sealing 
contractor who can perform an air test as part of the work. If homeowners undertake the 
air sealing work, significant cost savings can be achieved, but the resulting energy 
savings would be substantially reduced as well. 
 
The incremental cost of improved air sealing in a new construction project used in this 
analysis is $600. As in existing dwellings, 10% savings of space heating energy is 
assumed for enhanced air leakage sealing of new dwellings. The life of this measure is 
approximately 25 years, however some elements of air leakage sealing, such as weather 
stripping, will require more frequent replacement and an annual O&M cost of $50 has 
been added in to account for this.59 

 
� Attic Insulation 

 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage Existing  
Costs $600 incremental cost 
Savings 3% to 4% of space heating energy 
Useful Life 25 years 

 
Insulation levels can be increased in attics by blowing insulation into the attic spaces to 
fill and cover the space within the roof frame. One technique is to make sure loose-fill or 
batt insulation fills the attic floor joists fully, then add an additional layer of unfaced 
fibreglass batt insulation across the joists. This analysis assumed attic insulation is 
improved to RSI-7.0. 
 
This analysis estimates the cost of this measure to be $500 to $700, with a resulting 
savings of approximately 3% to 4% of the space heating costs. Electricity savings from 
air conditioning and ventilation fans, if applicable, would be approximately the same 
percentage. The life of this measure is estimated at 25 years.60 

 
� Wall Insulation 
 
 
 
 
 
 

 
 

                                                 
 
59

 Energy impacts are from HOT2000 simulations; cost data are based on discussions with installation contractors.  
60

 Energy impacts are from HOT2000 simulations; cost data are based on discussions with retailers and installation contractors.  

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage Existing  
Costs $750 to $2,400  
Savings 12% to 20% of space heating energy  
Useful Life 25 years 
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Wall insulation is usually challenging to retrofit in an existing house because the inside 
surfaces of the exterior walls are already finished. Adding insulation is only possible by 
blowing insulating materials into the wall cavity if sufficient space exists or by adding 
insulation to the exterior of the building under the siding. Insulation levels are assumed to 
increase to RSI-3.5.61 

 
The cost of adding the exterior insulation (as not all walls have sufficient space for 
blown-in insulation) used in this analysis is $750 to $2,400 depending on dwelling type 
and size. Savings are estimated to be 12% to 20% of space heating costs. Electricity 
savings from air conditioning and ventilation fans, if applicable, would be approximately 
the same percentage. The life of this measure is approximately 25 years.62 

 
� Foundation Insulation 

 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage Existing and new 
Costs $40 per square meter 
Savings 5% to 7% of space heating energy in existing and 

new 
Useful Life 25 years 

 
In older homes the basement is often under-insulated or even left uninsulated. Increasing 
the insulation level in basements can be achieved in a number of ways including: 
constructing a new insulated frame wall or moving the existing frame wall to increase the 
insulation level, adding extra insulation to the existing frame wall, adding rigid board 
insulation to the exterior of the foundation, or using a combination of interior and exterior 
rigid board insulation. For the purposes of this report, increased basement insulation was 
assumed to be either moving an existing frame wall or constructing a new frame wall 
with an upgrade to RSI-4 insulation. 
 
The cost of adding insulation to the foundation, including labour and finishing, is 
approximately $40/m2 of basement wall area. Adding this insulation reduces space 
heating energy by 5% to 7%. Electricity savings from air conditioning and ventilation 
fans, if applicable, would be approximately the same percentage. This measure has a life 
of approximately 25 years.63 

 

                                                 
 
61

 Unless the wall cavity is empty, the reliability of this upgrade measure cannot be certain. The cost of siding replacement is not 
included in the costs presented. 
62

 BC Hydro Power Smart, QA STANDARD Technology: Effective Measure Life, September 11, 2006. 
63

 Energy impacts are from HOT2000 simulations; cost data are based on discussions with retailers and installation contractors.  
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� Crawl Space Insulation 
 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage Existing 
Costs $1,000 incremental cost in existing 
Savings 1% of space heating energy 
Useful Life 25 years 

 
 

Insulation levels remain below code in many homes that include crawl space as part of 
the basement design. Co-benefits of improved crawl space insulation include improved 
thermal comfort, fewer drafts and less condensation. 
 
The addition of crawl space insulation in existing houses to bring the thermal resistance 
values up to existing code levels of RSI-2.1 provides annual energy savings of 
approximately 1%. Electricity savings from air conditioning and ventilation fans, if 
applicable, would be approximately the same percentage. This measure has a life of 
approximately 25 years.64 Typical installed costs are approximately $1,000. 

 
� Vacuum Panel Insulation 

 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage Existing and new 
Costs $9,000 incremental cost 
Savings 25% of space heating energy in new 
Useful Life 25 years 

 
Vacuum panel insulation (VPI) can achieve thermal resistance levels that are three to 
seven times those provided by conventional insulation materials, such as rigid foam 
boards and fibreglass. The technology consists of a core panel enclosed in an airtight, 
vacuum-sealed envelope. Such panels can attain thermal resistances of approximately 
RSI-3.5/in. Although targeted primarily to refrigerators and specialized containers, VPI 
can be manufactured in any size and thus has potential for buildings.  
 
A wall component with a thermal resistance of RSI-7 can reduce space heating loads by 
25%. Electricity savings from air conditioning and ventilation fans, if applicable, would 
be approximately the same percentage. The price for this technology is approximately 
$40/m2 of insulation. For the housing archetypes used to estimate costs and benefits, this 
would amount to a total capital cost of approximately $9,000. This measure has a life of 
approximately 25 years.65 

 

                                                 
 
64

 Energy impacts are from HOT2000 simulations; cost data are based on discussions with retailers and installation contractors.  
65

 Cost, savings and life based on estimates from E Source Heating Technology Atlas. 
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6.3.2 New Building Design 
 

New building design integrates advances in both building envelope and space/water 
conditioning technologies. Three energy efficiency upgrades were addressed. They are: 
 
� R2000 home 
� Construction of new homes to achieve an EnerGuide rating of 80 (EG80) 
� LEED-rated apartment building. 
 
The first two efficiency upgrades are applicable to the same types of new dwellings, and 
primarily differ in their requirements and costs. The study assumes that only one of the 
two can be applied to any given dwelling. The third upgrade applies to apartment 
buildings and does not overlap with the other two. 
 
� R2000 Home 
 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage New 
Costs $5,500 incremental cost 
Savings 38% of HVAC 

Useful Life 30 years 

 
 
R2000 homes are required to achieve a stringent energy budget that is determined by a 
combination of factors related to heating fuel, house size and climatic data. In addition, 
R2000 homes are required to achieve an air tightness level of 1.5 ac/h at 50 Pa. A number 
of co-benefits are associated with R2000 construction such as improved occupant 
comfort, improved air quality due to the mandatory use of heat recovery ventilators, 
higher resale value and reduced environmental impact. 
 
This analysis estimates that annual space heating savings are 38% relative to standard, 
non-electrically heated new houses. Electricity savings from air conditioning and 
ventilation fans, if applicable, would be approximately the same percentage. Typical 
incremental construction costs for an R2000 home are assumed to be $5,500.66 
 
� EnerGuide 80  

 
 
 
 
 
 
 

 

                                                 
 
66

 Energy impacts are from HOT2000 simulations; cost data are based on discussions with installation contractors.  

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single Detached and Attached 
Vintage New 
Costs $3,000 incremental cost 
Savings 38% of space heating energy 
Useful Life  
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An EnerGuide for Houses rating is a standard measure of a home’s energy performance, 
calculated by a professional EnerGuide for Houses advisor. The rating is based on 
information on the construction of the home and the results of a blower door test 
performed once the house has been built. A blower door test measures air leakage when 
the air pressure within the house is lowered a specified amount below the air pressure 
outside. EnerGuide ratings for new houses fall within the following ranges: 

 
� Typical new houses: 69 to 74 (a house built to code would typically receive a rating 

of 68) 
� Energy-efficient new houses: 77 to 82 
� R-2000 houses: 80 minimum 
� Highly energy-efficient new houses: 80 to 90 
� Advanced houses using little or no purchased energy: 91 to 100 

 
The key difference between the R2000 standard and a more flexible requirement to meet 
the EG80 rating is that builders do not need to install a heat recovery ventilator to achieve 
a rating of EG80 nor meet other environmental requirements of the R2000 program. This 
substantially reduces the cost of the measure.67 
 
This analysis estimates that annual space heating savings are 38% relative to standard, 
non-electrically heated new houses. Electricity savings from air conditioning and 
ventilation fans, if applicable, would be approximately the same percentage. Typical 
incremental construction costs for an EG80 home are assumed to be $3,000.68 
 
� LEED-Rated Apartment Building 

 
 
 
 
 
 

Leadership in Energy and Environmental Design (LEED) is a voluntary, consensus-based 
standard for developing sustainable buildings. Originally designed mainly for commercial 
building applications, LEED is now standard-based for residential multifamily structures. 
 
As energy is a major component of the program, and LEED supports integrated whole-
building design practices, LEED is becoming an accepted standard for bundling energy-
efficient technologies to achieve maximum benefits. 
 
A new multi-unit residential building that is 40% more efficient than current design 
practice will require a very high-performance design. This requires a fully integrated 
design approach that takes advantage of cost trade-offs from equipment downsizing. The 
design will require the most energy-efficient technologies, extremely efficient lighting 

                                                 
 
67

 The adequacy of ventilation levels in EGH 80 homes may be an issue in the absence of an HRV unit. 
68

 Cost is based on R2000 incremental cost, less the cost of installing an HRV. 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Apartments 
Vintage New 
Costs $48.50 per m2 incremental cost 
Savings 40%  
Useful Life 35 years 
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designs and heating/cooling plants with very high part-load efficiencies. Savings of 40% 
are achievable at an average incremental cost of $48.50 per square meter. 
 

6.3.3 Space Heating, Cooling and Ventilation Equipment 
 
Space heating, cooling and ventilation equipment refers to the equipment and controls 
used to heat, cool and ventilate residential dwellings. Eight energy efficiency upgrade 
options were identified and assessed for this end use. They are: 
 
� Programmable thermostat 
� Duct sealing 
� Air-source heat pump 
� Ground-source heat pump 
� Integrated heating and DHW heat pumps 
� High-efficiency heat recovery ventilator 
� Energy Star air conditioner 
� Electronically commutated permanent magnet motors for furnace fans. 
 
� Programmable Thermostat  

 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached with central 
thermostat 

Vintage New and existing 
Costs $70 incremental cost  
Savings 6% of HVAC Energy 
Useful Life 18 years 

 
Digital programmable thermostats provide improved temperature setting accuracy and 
are capable of multiple time settings. When combined with an assumed 4ºC temperature 
setback during night and unoccupied periods, typical space heat savings are in the range 
of 10% to 15%69 relative to the baseline, depending on the dwelling’s vintage and type of 
detachment. Other utility studies70 have indicated that a lower savings percentage should 
be used, to reflect the fact that the thermostat’s setback capabilities do not completely 
reflect how they are used, e.g., some home occupants reliably set back manual 
thermostats, and some home occupants do not use the setback features on their electronic 
thermostats. Accordingly a value of 6% savings has been used in this study. 
 
These thermostats can be installed in both new and existing dwellings. The typical 
incremental installed cost for a programmable versus non-programmable thermostat is 
about $7071 per thermostat and the units have an expected life of 15 to 2072 years. 
 

                                                 
 
69

 From Canadian Energy Star Calculator. 
70

 Enbridge Gas Distribution, Inc., consumer awareness campaign literature, supported by unpublished internal studies. 
71

 From retail outlets, e.g., Home Hardware and Canadian Tire. 
72

 From Canadian Energy Star Calculator. 
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� Duct Sealing 
 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage New and existing 
Costs $1,000 full cost  
Savings 5% of HVAC energy 
Useful Life 20 years 

 
 
An estimated 15% to 30% of a home’s heating and cooling energy leaks out of the 
ductwork. Air leaks in and out of ducts at all the connections within a system allowing 
heated or cooled air to escape and, where the duct work is exposed to the outside, can 
also introduce additional outside air. Even with the heating and cooling system off, the 
leaks in the ducts increase the ventilation rate of the house, increasing the need for 
heating or cooling. The problem is particularly pronounced in homes where ductwork is 
external to the conditioned spaces (such as in the Southern U.S., where it often runs 
through attics). In Canada, where most ducts run within the conditioned space, there is 
still savings potential. Reducing leakage into the basement will minimize overheating of 
little-used areas of the house. Reducing leakage can also eliminate the underheating of 
rooms at the end of long duct runs, so the thermostat setting can be lowered. 
 
Duct leakage is the result of improper installation and poor materials. Duct tape, which is 
commonly used, does not adequately seal joints between ducts and has a short life. More 
stable and permanent materials are needed such as foil tape, fibreglass tape and mastic, or 
new advanced duct tape. Lawrence Berkeley Laboratory has developed a method for 
internally sealing heating and cooling ducts using a pressurized aerosol sealant that can 
reduce duct leakage by up to 90%, reducing energy use by up to 25% in southern 
climates where ducts run through the attic. In Canada, the savings would be closer to 
5%.73  
 
A thorough sealing job performed by a knowledgeable contractor with good quality 
materials can typically reduce heating, cooling and ventilation energy costs by 10% to 
20%74 in homes where the ducts mainly run outside the conditioned space, with costs 
ranging from $500 to $1,500.75 We have used a savings estimate of 5% for this study, 
reflecting the construction standards more typical of the B.C. climate, where the ducts are 
within the conditioned space. 
 

                                                 
 
73

 Marbek staff participated in studies of the LBL technology in Wisconsin in the mid-1990s to assess its potential in heating-
dominated climates with interior ducts. The savings estimate of 5% comes from that first-hand experience. 
74

 From U.S. Department of Energy Energy Star http://www.energystar.gov/ia/new_homes/features/DuctSealing1-17-01.pdf. 
75

 From Toolbase Services: Technical Resource and discussions with contractors. 
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� Air-source Heat Pumps 
 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage New 
Costs $8,000 incremental cost  
Savings 43% of space heating energy  
Useful Life 20 years 

 
Air-source heat pumps (ASHP) are now the baseline technology for replacement of 
forced air electric furnaces in existing dwellings. In new dwellings, ASHP can provide 
increased efficiency compared to the more common electric baseboard heaters.76 The 
energy used by a particular heat pump over the course of the heating season is given by 
its heating seasonal performance factor (HSPF),77 which varies by region because heat 
pumps operate less efficiently in colder climates, as well as by the actual efficiency of the 
heat pump design. Typical HSPF values for regions in Canada experiencing a mild to 
moderate winter (e.g., Vancouver) are 7 to 10, which equates to energy savings of 48% to 
50% relative to baseboard heaters. Typical HSPF values for regions in Canada 
experiencing a harsh winter (e.g., Prince Rupert) are 5 to 7, which equates to energy 
savings of 35% to 40% relative to baseboard heaters. ASHP can also provide space 
cooling in summer months at no incremental capital cost, which can improve the CCE 
slightly. 
 
Typical installed costs in new dwellings are approximately $8,000 to $12,000, including 
duct work, and units can last from 15 to 25 years.78 
 
� Ground-source Heat Pumps 

 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached  
Vintage New and existing 
Costs $18,200 incremental cost  
Savings 68 % of space heating energy in new  

45 % of space heating energy in existing 
Useful Life 20 years 

  
Ground-source heat pumps (GSHP) utilize the relatively constant temperature properties 
of the earth or ground water to provide heating and cooling to homes. Although they offer 
further savings relative to other heat pump types, they are expensive and cannot be used 
in many urban applications.  
 

                                                 
 
76

 It is assumed that the additional duct work required to install an ASHP in an existing home with electric baseboard heaters is 
prohibitive. 
77

 HSPF is a measure of the seasonal or annual efficiency of a heat pump operating in the heating mode. It takes into account the 
variations in temperature that can occur within a season and is equal to the average number of BTU of heat delivered, divided by 
the number of watt hours of electricity used by the heat pump over a heating season. 
78

 HSPF values, savings, costs and lifetimes from NRCan Office of Energy Efficiency, Heating and Cooling with a Heat Pump. 
Data checked with manufacturers and contractors. 
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Typical HSPF values for regions in Canada experiencing a mild to moderate winter (e.g., 
Vancouver) are 10 to 13, which equates to energy savings of 70% to 75% relative to 
baseboard heaters in new homes. Typical HSPF values for regions in Canada 
experiencing a harsh winter (e.g., Prince Rupert) are 8 to 10, which equates to energy 
savings of 65% to 70% relative to baseboard heaters.79 In both regions GSHP save 
approximately 45% compared to ASHP in existing buildings. 
 
Installed costs are approximately $20,000 for a closed loop system in a typical 
dwelling.80 
 
Again, the addition of cooling at no incremental cost can improve the savings relative to 
the baseline. 
 
�  Cold Climate Heat Pumps for Apartment Buildings 
 
 
 
 
 
 
 
 
Developed by Nyle Special Products,81 cold climate heat pumps (CCHP) feature a two-
speed, two cylinder compressor for efficiency operation, a back-up booster compressor 
that allows the system to operate efficiently down to 15°F and a plate heat exchanger 
called an “economizer” that further extends the performance of the heat pump to well 
below 0°F, according to the company. 
 
While conventional air-to-air heat pumps turn to other forms of heating at cooler 
temperatures, CCHP provide continuous high-efficiency heating down to and below 0°F. 
Tests have shown a coefficient of performance of 2.7 at 17°F and a coefficient of 
performance of 2.0 at 0°F while maintaining high BTU outputs. CCHP also provide a 
seasonal energy efficiency rating for cooling of 16. 
 
The CCHP is available in 2.5, 3.5, 4.0 and 5.0 ton units. The incremental cost is 
estimated to be $300/ton more than a conventional high efficiency air-source heat pump, 
and the service life is estimated to be 20 years. $300/ton converts to approximately 
$5.40/m2 in a typical building. 
 

                                                 
 
79

 Ibid. 
80

 Earth Energy Society of Canada. http://www.earthenergy.ca/saving.html.  
81

 Nyle Special Products. http://www.nyletherm.com. 

Measure Profile 

Applicable Building Types  Low and High-rise Apartments  
Vintage Existing and new 
Costs $5.40 / m2 incremental cost 
Savings 33% to 38% of space heating and cooling energy 
Useful Life 15 years 
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� Ground-source Heat Pumps for High-rise Buildings 
 
 
 
 
 
 
 
 
 
Ground-source heat pumps (GSHP) are more efficient than conventional heat pumps, 
with higher coefficients of performance (COP) and energy efficiency ratios (EER). GSHP 
replace the need for a boiler in winter by utilizing heat stored in the ground; this heat is 
upgraded by a vapour-compressor refrigeration cycle. In summer, heat from a building is 
rejected to the ground, eliminating the need for a cooling tower or heat rejector and also 
lowers operating costs because the ground is cooler than the outdoor air.  
 
Water-to-air heat pumps are typically installed throughout a building with duct work 
serving only the immediate zone; a two-pipe water distribution system conveys water to 
and from the ground-source heat exchanger. The heat exchanger field consists of a grid of 
vertical boreholes with plastic u-tube heat exchangers connected in parallel.  
 
Ground-source heat pump HVAC systems in high-rise buildings range from $22/m2 to 
$165/m2, depending on heat source, location of building and cost of drilling. An average 
cost is in the range of $85/m2. Approximately 20% of a building’s total energy use (or 
60% of space heat) can be saved with the introduction of a GSHP system in most parts of 
Canada.82 
 
� Integrated Heating and Hot Water (Heat Pump) 
 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached 
Vintage New and existing 
Costs $1,000 incremental on top of GSHP costs 
Savings 35% DHW plus heating savings as above 
Useful Life 20 years 

 
GSHP can also reduce DHW energy consumption through the addition of a 
desuperheater. A desuperheater is a small refrigerant/water heat exchanger that transfers 
superheated gases from the heat pump’s compressor to a water pipe that runs to a home’s 
hot water storage tank. In the cooling season, the desuperheater uses excess heat 
extracted from the home and in the heating season it uses any excess heat that is not 
needed for space heating. At peak heating times, a conventional water heater can meet 
additional needs.  
 

                                                 
 
82

 Advanced Buildings. http://www.advancedbuildings.org. 

Measure Profile 

Applicable Building Types  High-rise Apartments  
Vintage Existing and new 
Costs $85 per m2 incremental cost 
Savings 60% of space heating energy; or 20% of total 

building energy use 
Useful Life 15 years 
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A desuperheater can purportedly result in energy savings of 25% to 50%83 and costs 
approximately $1,000.84  
 
� High-efficiency Heat Recovery Ventilators (HRV) 

 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage New 
Costs $650 incremental cost  
Savings 7% of HVAC energy 
Useful Life 15 years 

 
Heat recovery ventilators (HRV) are installed to recover wasted heat energy from 
centralized exhausts. Such units typically result in a 13% reduction in space heating 
costs. New, high-efficiency HRV units recover approximately 50% more of the energy 
escaping in ventilation air, which results in an additional 7%85 reduction in space heating 
costs. 
 
This analysis assumes that a high-efficiency HRV costs approximately $3,15086 
compared to a standard unit, which costs $2,500. The technology has an estimated life of 
15 years. New HRVs also have an energy efficiency option, utilizing a variable speed DC 
motor instead of the less efficient PSC motor, cutting consumption from 150 watts to less 
than 50 watts on low speed. 

 
�  Energy Star Air Conditioner 

 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) All- without central AC 
Vintage New and existing 
Costs $30 incremental cost  
Savings 10% of space cooling energy 
Useful Life 13 years 

 
Room air conditioners that qualify for the Energy Star label must use at least 10%87 less 
energy than conventional models. Energy Star-qualified models often also include timers 
for better temperature control, allowing the minimum amount of energy to be used.  
 
Incremental costs for an Energy Star room air conditioner are low, in the order of $10 to 
$5088 and the estimated life of a unit is approximately 13 years.89 

                                                 
 
83

 NRCan Office of Energy Efficiency, Heating and Cooling with a Heat Pump. 
84

 Earth Energy Society of Canada http://www.earthenergy.ca/saving.html.  
85

 From E Source Heating Technology Atlas. Data used in 2002 CPR and updated in 2003 Manitoba Hydro DSM Study and 
2006 Terasen Gas Study. 
86

 Cost based on discussions with contractors. 
87

 From Canadian Energy Star, http://oee.nrcan.gc.ca/energystar/english/consumers/index.cfm. 
88

 From Canadian retailers. 
89

 From Canadian Energy Star Calculator. 
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� ECPM Furnace Fan Motor 
 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage New and existing 
Costs $140 incremental cost  
Savings 40% of ventilation energy  
Useful Life 20 years 

 
Furnace fan motors are typically designed with permanent split capacitors (PSC) and 
achieve efficiencies in the range of 50% to 60%. In contrast, electronically commutated 
permanent magnet (ECPM) motors have operating efficiencies in the range of 80%. 
Furnace fan motors are used in houses with central, forced-air heating systems. When 
operated exclusively in space heating mode, ECPM motors reduce fan motor electricity 
use90 by approximately 40%.91  
 
Typical installed costs are approximately $14092 more than for a standard fan motor. 
ECPM motors also reduce fan noise.  
 
� Whole House Fans 
 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage New  
Costs - $600 incremental cost (less expensive) 
Savings 75% of cooling energy  
Useful Life 20 years 

 
Traditional whole house fans are usually installed on the attic floor and a hole is cut into 
the ceiling. These giant fans suck the air out of the living area into the attic and out 
through attic vents. They are designed to cool and ventilate by pulling warm, stale air up 
and out of the home while drawing fresh cool air in. They cost about $600 less than 
central air conditioning and save approximately 75% of the energy. However, they also 
increase ventilation energy by about 25%. 
 

                                                 
 
90

 As noted in earlier sections, this end use is currently the focus of extensive research efforts. Recent end-use metering results 
suggest that in heating mode, ECPM motor savings are fully offset by increased space heating fuel consumption. This is because 
waste heat generated by the fan motor is captured in the distributed hot air. Therefore, if the fan motor’s waste heat is reduced 
due to increased efficiency, the primary heating fuel must make up the difference. If used to distribute cooled air, the increased 
fan motor efficiency (i.e., reduced waste heat) would reduce both motor consumption and the total cooling load.  
91

 Canadian Centre For Housing Technology, Effects of ECM Furnace Motors on Electricity and Gas Use. 
92

 Canadian Centre For Housing Technology, Effects of ECM Furnace Motors on Electricity and Gas Use, and discussion with 
retailers. 
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� Premium Motors for High-rise Apartment Ventilation Systems 
 
 
 
 
 
 
 
 
Premium-efficiency motors typically have reduced losses of 10% to 40%, thereby 
increasing motor efficiency by 1% to 10%.93 In a retrofit, it is considered best practice to 
replace failed motors with new premium-efficiency motors rather than rewind them, since 
motor rewinding often degrades motor efficiency by 1% to 3%. 
  
This upgrade involves replacing an existing 20 HP motor with an equivalent premium-
efficiency motor. The incremental cost is estimated to be 20% and the savings 1.4% of 
ventilation energy. The service life is estimated to be 15 years.  
 
� Building Recommissioning – High Rise Buildings 
 
 
 

“Recommissioning” is a process of optimizing the operation of existing buildings through 
low-cost and operational changes. It often includes one or more of the following 
activities: 
 
� Optimize system operations to improve comfort and reduce energy costs 
� Solve existing comfort or indoor air quality problems 
� Undertake air and water rebalancing 
� Review and update equipment control sequences to ensure optimum operation during 

occupied periods and shutdown during unoccupied periods 
� Ensure ongoing optimal operation through involvement and training of building staff 
� Make recommendations for system improvements and retrofits. 
 
In contrast to the conventional audit and retrofit process, recommissioning involves a 
greater investment in monitoring and simulation of building systems to gain a thorough 
understanding of current operation and possibilities for optimization. Because the 
resulting recommended improvements tend to be inexpensive, the overall cost is typically 
one-third that of the audit/retrofit process. Overall costs range from $4.50 to $8.50/m2, 
most of which represents labour costs.  
 

                                                 
 
93

 Power Smart Tips & Practices. 

Measure Profile 

Applicable Building Types  High-rise apartment 
Vintage Existing and new 
Costs 20% incremental cost 
Savings 1.4% of Ventilation Energy 
Useful Life 15 years 

Measure Profile 

Applicable Building Types  High-rise apartment 
Vintage Existing 
Costs $6.50 per m2 
Savings 25% of HVAC energy use  
Useful Life 7 years 
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Energy savings of 25% of HVAC energy use often result from recommissioning and 
these come mostly from repairs to equipment, such as valves, controllers or thermostats, 
and from optimization of duct pressures, hot and cold air temperatures, variable air 
volume settings and pump control. Paybacks are typically achieved over one to two 
years. 
 
Because of the significant initial investment in monitoring and simulation, this approach 
is most suitable for high-rise apartment buildings with over 4,500 m2 in floor area. 
 

6.3.4 Domestic Hot Water 
 
Domestic hot water (DHW) refers to the heated water used for showers, baths, hand 
washing, and clothes and dishwashing, although DHW savings for clothes and 
dishwashers are treated separately in the Appliance end use. Seven energy efficiency 
upgrade options were identified and assessed for this end use as follows: 
 
� Low-flow shower heads and faucets 
� Water tank insulation 
� Pipe insulation 
� Heat trap 
� Waste water heat recovery 
� Integrated heating and DHW heat pumps 
� DHW heat pumps. 
 
� Low-flow Showers and Faucets 

  

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage Existing 
Costs $25 incremental cost 
Savings 11% of DHW energy in existing 
Useful Life 12 years 

 
 

Energy-efficient showers and faucets have aerators and flow restrictors to reduce water 
use. DHW used for general use (including showers and faucets) is assumed to account for 
approximately 35% of total DHW energy.  
 
This analysis estimates that reductions in hot water usage are in the range of 30% relative 
to traditional models, or 11% of total DHW use. Installed costs are approximately $25 for 
a single-family dwelling. This measure has an expected life of 12 years.94 

 

                                                 
 
94

 Data used in 2002 CPR and updated in 2003 Manitoba Hydro DSM Study and 2006 Terasen Gas CPR Study. Similar 
assumptions are used in the American Council for an Energy-Efficient Economy (ACEEE) and Energy Efficiency and 
Renewable Energy (EERE) Consumer Tip Sheets and have been confirmed for 2007. 
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� Hot Water Tank Insulation 
 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage Existing  
Costs $20 full cost  
Savings 6% of DHW energy 
Useful Life 10 years 

 
Very energy-efficient water heater storage tanks will have an insulation value of at least 
RSI-4.2. Adding insulation to an existing hot water tank, purchased before 2004, can 
reduce standby heat losses resulting in energy savings of 4% to 9%.95 
  
Pre-cut tank “jackets” or “blankets” are readily available and cost around $15 to 2096 and 
last for 10 to 15 years. Space limitations restrict the applicability of this measure in some 
cases. 
 
� Hot Water Pipe Insulation 

 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage Existing  
Costs $4 incremental cost  
Savings 3% of DHW energy 
Useful Life 6 years 

 
 

Hot water pipe insulation reduces the distribution losses for DHW, which account for 
approximately 5% to 10% of the total water heater electricity consumption. 
 
This analysis estimates that hot water pipe insulation reduces total DHW energy 
consumption by 3%. The materials cost an average of $4 per house and are assumed to be 
installed by the homeowner. The measure has an expected life of 6 years.97 

 
� Heat Trap 

  

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage Existing – pre-2004 
Costs $65 incremental cost 
Savings 5% of DHW energy  
Useful Life 4 years 

 
 

                                                 
 
95

 U.S. Department of Energy, http://www.eere.energy.gov/consumer/your_home/water_heating/index.cfm/mytopic=13070. 
96

 From Canadian retailers. 
97

 Savings data based on earlier analysis conducted for Terasen Gas. Cost data gathered from retailer scan. 



BC Hydro Conservation Potential Review 2007  –Residential Sector– 

Marbek Resource Consultants Ltd.  Page 98 

Heat traps are installed on the exit side of the hot water tank to reduce thermal siphoning 
and related standby losses. A change in DHW tank performance standards in 2004 has 
meant that heat traps are now standard so this measure only applies to tanks installed 
before this date. The potential for this measure diminishes with time as older tanks are 
replaced. 
 
This analysis estimates that in a typical application, total hot water consumption is 
reduced by about 5%. Typical installed costs are assumed to be $65.98 

 
� Wastewater Heat Recovery 

 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage Existing and new 
Costs $625 incremental cost  
Savings 14% of DHW energy  
Useful Life 18 years 

 
Residential wastewater heat recovery systems transfer the waste heat from drains to pre-
heat make-up water. The system works well only for DHW uses in which the hot water 
use and the draining of wastewater are simultaneous. In a home, therefore, application to 
anything other than showers is difficult. One example of this technology is the GFX 
system, which was originally developed with a grant from the U.S. Department of Energy 
and is currently manufactured by Doucette Industries. The GFX system incorporates a 
shell-and-tube heat exchanger that typically has efficiencies in the range of 30% to 50%. 
The cost of these systems varies according to the application and the installation 
difficulty.  
 
This analysis estimates that the incremental costs are $625 and the savings are 
approximately 45% of DHW used for showers, which is approximately 90% of the 
personal use DHW, which in turn is approximately 35% of overall DHW energy use. 
Thus, the savings potential is approximately 14% of total DHW energy use. The life of 
this measure is approximately 18 years.99 

                                                 
 
98

 Cost and savings data based on earlier analysis conducted for Terasen Gas. 
99

 Cost and savings data based on earlier analysis conducted for Terasen Gas. 
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� DHW Heat Pumps 

 
 

 
 
 
 
 
 
A DHW heat pump is usually added on to an existing or new water heater tank and 
installed upstream to partially pre-heat the water. Integrated heat pump water heaters are 
also available with built-in water tanks, although these are less readily available.  
 
A heat pump water heater can reduce DHW energy consumption by as much as 50% to 
60%, and also has the added benefit of providing free cooling if the necessary duct work 
is installed. An add-on heat pump water heater and tank will typically cost $800 more 
than a standard tank only.100 

 
6.3.5 Major Appliances 

 
Six energy efficiency upgrade options were identified and assessed for this end use as 
follows: 
 
� Microwave/convection oven 
� Energy Star refrigerator 
� High-efficiency freezer 
� Energy Star dishwasher 
� Energy Star top-loading clothes washer 
� Front-loading clothes washer. 
 
� Microwave/Convection Oven 

 
 

 
 
 
 
 
 
New stove models combine conventional, microwave and convection ovens into a single 
appliance. Relative to a conventional oven, these designs provide electricity savings of 
about 20% to 25% and faster cooking times. Typical incremental costs are about $1,400 
relative to conventional models and the units have a life of approximately 20 years. 

                                                 
 
100

 From NRCan http://oee.nrcan.gc.ca/equipment/english/page95.cfm?attr=4.  

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage New and existing 
Costs $800 incremental 
Savings 50% of DHW energy plus free cooling 
Useful Life 20 years 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) All 
Vintage New and existing 
Costs $1,400 incremental 
Savings 25% 
Useful Life 20 years 
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� Energy Star Refrigerator 

 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) All 
Vintage New and existing  
Costs Incremental cost $50 
Savings 15% to 20% 
Useful Life 17 years 

 
Energy Star refrigerators achieve substantial savings in electricity consumption through 
improved insulation and compressor efficiency, as well as better quality door seals and 
load sensors. Energy Star refrigerators must use 15% less energy than current standards 
dictate for an upright model and 20% less energy for a compact design. Incremental costs 
for an Energy Star fridge is $50 to $100.101  
 
� Energy Star Freezer 

 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) All 
Vintage New and existing 
Costs Incremental Cost $50 
Savings 10% 
Useful Life 17 years 

 
 

The performance efficiency of freezers has increased significantly over the last 10 years 
through improved insulation and compressor efficiency. Energy Star freezers must use 
10% less energy than current standards dictate. Incremental costs for an Energy Star 
freezer is $50 to $100.102  

 
� Manual Defrost Freezer 

 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) All 
Vintage New and existing 
Costs Incremental cost $0 
Savings 30% 
Useful Life 17 years 

 
Freezers without an automatic defrost cycle use approximately 30%103 less electricity 
than comparable freezers with the defrost cycle; they also cost the same or less. Chest 
freezers experience only limited amount of frost build up over time and rarely require 

                                                 
 
101

 Based on scan of retailers. 
102

 Based on scan of retailers. 
103

 From Canadian Energy Star Calculator.  
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defrosting and, therefore, for the purposes of this study, the level of service provided is 
assumed to remain virtually unchanged. 
 
� Energy Star Dishwasher 

 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage Existing and new 
Costs Incremental cost $50 
Savings 41% of DHW and Mechanical Dishwasher energy  
Useful Life 10 years 

 
Energy Star dishwashers save energy by using improved technology for the primary wash 
cycle and by using less hot water to clean. Construction includes more effective washing 
action, energy-efficient motors and other advanced technologies, such as sensors, that 
determine the length of the wash cycle and the temperature of the water necessary to 
clean the dishes. In addition, some advanced dishwashers can sense and adjust for the 
amount of soil on dishes, using only as much water as necessary.  
 
As of January 1, 2007, the Energy Star level for dishwashers was changed with a 
corresponding increase in energy efficiency from 26% better than standard to 41% better. 
These savings affect both the mechanical energy of the dishwasher and the energy used 
for heating the water. The incremental cost of a unit meeting these new criteria is 
assumed to be $50.104 The estimated life of a dishwasher is 10 years.105 

 
� Energy Star Top-Loading Clothes Washer 

 
 
 
 
 
 
 
 
 
 

Energy Star clothes washers use 50% to 60%106 less hot water and 50% less mechanical 
energy per load than standard models. Because Energy Star clothes washers spin faster, 
there are additional savings in dryer energy of approximately 35%. In January 2007 the 
Energy Star standard for clothes washers was increased; however, the base regulation 
was also increased and the savings above the baseline therefore remain the same. 
 

                                                 
 
104

 Based on discussion with retailers. 
105

 From Canadian Energy Star Calculator.  
106

 From Canadian and U.S. Energy Star Calculator. 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage Existing and new 
Costs Incremental cost $250 
Savings 60% of DHW used for clothes washing 

50% of mechanical energy 
35% of dryer energy 

Useful Life 15 years 
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The change in standards has, however, resulted in a reduction of the number of qualifying 
models to only top of the range units and the incremental cost has therefore increased to 
about $250.107 The estimated life of a clothes washer is 15 years. 

 
� Front-Loading Clothes Washer 

 
 

 
 
 
 
 
 
 
 
Compared to standard models, front-loading (horizontal axis) washing machines reduce 
hot water use by 60% to 80%. Mechanical energy use is also reduced by about 50% and, 
due to their faster spin speed, they also reduce dryer energy by about 35%.108 
 
This analysis assumes the energy savings outlined above. Incremental costs are assumed 
to be about $550 more than a standard vertical axis machine, although some high-end 
models have incremental costs of about $1,000.109 Horizontal axis clothes washer designs 
also result in less wear and tear on and fewer wrinkles in clothes. They are assumed to 
have a life of 15 years. 
 

6.3.6 Household Electronics 
 
Improvements to household electronics enhance the efficacy of entertainment items such 
as TVs and computers, while maintaining service levels. Five energy efficiency upgrade 
options were identified and assessed for this end use as follows: 
 
� Reduction in standby losses 
� Flat-screen computer monitor (LCD) 
� Energy Star-compliant computer 
� Energy Star television 
� LCD television. 
 

                                                 
 
107

 From retailer scan. 
108

 Savings data based on earlier analysis conducted for Terasen Gas. 
109

 Cost data based on retailer scan. 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage Existing and new 
Costs Incremental cost $550 
Savings 70% of DHW used for clothes washing 

50% of mechanical energy 
35% of dryer energy 

Useful Life 15 years 
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� Standby Losses  
 
 
 
 
 
 
 
 
 
 

Standby losses, consumed by electrical appliances when they are turned off or not in use, 
represent a significant component of residential electricity consumption. They account 
for 16% of computer energy use, 8% of the electricity used by TV and other electronics 
such as games consoles, and 73% of the electricity use of TV peripherals such as set-top 
boxes.110 Technically, these standby losses can be reduced to zero by use of a power bar 
to completely remove power to the appliance. 

 
� Flat-screen Computer Monitor (LCD) 

 
 
 
 
 
 
 
 

Liquid crystal display (LCD) monitors are becoming standard for new desktop computer 
purchases or monitor replacement. They use approximately 25 to 35111 watts of power in 
on-mode compared to a cathode ray tube (CRT) monitor, which uses 80 to 100 watts. 
Energy savings are thus in the order of 60% to 65%. The lifespan of LCD monitors is 
also purported to be almost twice as long as a CRT monitor, between 8 and 12 years.112 
LCD monitors are $50 to $60113 more expensive than the CRT equivalents still available 
to the residential market. 

 

                                                 
 
110

 Fung, Alan, Adam Aulenback, Alex Ferguson and V. Ismet Ugurssal, Standby Power Requirements of Household Appliances 
in Canada, April 2002. 
111

 From Energy Star Calculator data. 
112

 Based on discussions with manufacturers. 
113

 From review of retailers. 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) All 
Vintage New and existing 
Costs $0 
Savings 16% for computers, 8% for TVs and other 

electronics, 73% for TV peripherals 
Useful Life 10 years 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) All 
Vintage New and existing 
Costs $60 incremental 
Savings 61% 
Useful Life 10 years 
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� Energy Star Computer 
 
 
 
 
 
 
 
 

The Energy Star specification for computers was revised in October 2006 and will come 
into effect in July 2007. The previous specification only addressed energy use during a 
computer’s sleep mode and was not demanding even in this respect with approximately 
98% of available computers carrying the Energy Star label. The energy savings were also 
dependent on the operating mode set by the user. The requirements have been seriously 
revised in an attempt to offer greater differentiation for innovative, truly energy-efficient 
models and now addresses all modes of operation and have automatic savings not 
dependent on user behaviour. It is estimated that the new specification will mean that 
Energy Star computers and computer peripherals use on average 65% less energy than 
conventional models.114 This premium performance will come at a price, however, with 
the new Energy Star-qualified models costing from $500 to $1,500 more than standard 
models. 

 
� Energy Star Television 

 
 
 
 
 
 
 
 

Energy Star-qualified televisions must use one watt or less in standby mode, which 
equates to approximately 30% less energy use annually115 than a non-qualifying product. 
An Energy Star TV may be CRT, LCD or plasma technology. The incremental cost of a 
32” LCD Energy Star-qualified TV compared to its standard counterpart was found to be 
$20 to $100.116  

 

                                                 
 
114

 Energy Star Press Release, 2006. 
115

 From Canadian and U.S. Energy Star Calculator. 
116

 From retailer scan. 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) All 
Vintage New and existing 
Costs Incremental cost $1000 
Savings 60% 
Useful Life 8 years 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) All 
Vintage New and existing 
Costs Incremental cost $50 
Savings 30% 
Useful Life 20 years 
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� LCD Television 
 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) All 
Vintage New and existing 
Costs $400 incremental cost 
Savings 40% 
Useful Life 20 years 

 
Like LCD computer monitors, LCD TVs typically use less energy than CRTs, both when 
running and when in standby mode. A 27” LCD TV uses approximately 80 to 100 
watts117 of power in on-mode compared to an equivalent CRT monitor, which uses 150 
watts. Energy savings are thus in the order of 40% to 45%. LCD TVs are $300 to $500118 
more expensive than the CRT equivalents. One aspect of consumer behaviour that may 
complicate analysis of this measure is that people tend to buy larger LCD TVs than 
CRTs, potentially reducing the savings. We have not included this effect at this stage of 
the analysis. 

 
6.3.7 Lighting  

 
Lighting improvements enhance the efficacy of lighting fixtures, while maintaining 
service levels. Five energy efficiency upgrade options were identified and assessed for 
this end use as follows: 
 
� Replacement of incandescent lamps with compact fluorescent lights (CFLs) 
� Replacement of T12s with T8s 
� LED holiday lighting 
� Lighting timers 
� Motion sensors. 

 
� Replacement of Incandescent Lamps with Compact Fluorescent Lights  

 
 
 
 
 
 
 
 

Compact fluorescent lights (CFLs) can be used to replace incandescent bulbs in most 
general purpose applications. This measure is the replacement of incandescent lamps in 
“general purpose” applications with relatively long hours of use and no requirement for 
special shapes or dimming capability. A 13-watt CFL provides a light output similar to 
that of a 60-watt incandescent lamp and consumes approximately 75% less electricity. 
CFLs have come down significantly in price in recent years; the retail price for most 

                                                 
 
117

 Marbek Resources Consultants Ltd. Consumer Electronics Report. 
118

 From review of retailers. 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) All 
Vintage New and existing 
Costs Incremental cost $3 
Savings 75% 
Useful Life 9.4 years 
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general purpose CFLs is in the range of about $3 per lamp119 compared to no more than 
$1 for an incandescent bulb. A CFL lasts approximately 8 to 10 times longer. 
 
� Replacement of Existing T12 Lamps and Magnetic Ballasts with T8 Fluorescent 

Lamps and Electronic Ballasts 
 
 
 
 
 
 
 
 
 

T12 fluorescent lamps and magnetic ballasts can be replaced with standard 32-watt T8 
fluorescent lamps and electronic ballasts or the newer so called “high-performance” T8 
lamps and ballasts. T12s still remain in limited applications in detached and attached 
homes, and in apartment building lobbies and corridors. Standard T8 lighting systems 
provide savings of approximately 28% relative to the conventional T12 systems in 
existing buildings. High-performance systems have even greater savings, of 40% to 50%; 
the higher savings result from a possible reduction in the number of lamps used due to the 
superior lumen output of this lighting. In new apartment buildings and other residential 
applications, the choice of high-performance T8s over standard T8s can save up to 26%. 
 
Typical incremental installed costs are approximately $15 per fixture for standard T8s 
and $18 to $20 per fixture for high-performance T8s.  

 
� Replacement of Incandescent Holiday Lights with LED Holiday Lights 
  
 
 
 
 
 
 
 
LED seasonal decorative lights (including Christmas lights) can replace existing 
incandescent light strings. A string of LED holiday lights uses 14 watts on average 
compared to a string of incandescent lights, which uses 150 watts on average. LED 
strings thus consume less than 10% of the electricity used by a comparable string of 
incandescent holiday lights. 
 
LED holiday lights are now available in most hardware stores at an incremental cost of 
$8 to $10. LED holiday lights can also last up to 10 times longer than incandescent 
holiday lights.  

                                                 
 
119

 Based on a retailer scan. Prices for “special purpose” CFLs are higher e.g., models with high colour rendering index (CRI) or 
special shapes or suitable for dimmable applications. 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Detached, attached and apartment 
Vintage New and existing 
Costs $15 per fixture 
Savings Standard T8 lamp and ballast: 28% 

High-performance T8 lamp and ballast: 40% 
Useful Life 20 years 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) All 
Vintage New and existing 
Costs $9 incremental cost 
Savings 91% 
Useful Life 20 years 
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� Lighting Timers 
  

 

 

 

Outdoor security lights or aesthetic lights are often fitted with a photo-sensor to run from 
dusk until dawn. However, if exterior lighting is only required until a certain hour (e.g., 
11 pm), a timer can be installed to turn the light off automatically.  
 
This analysis assumes that in the typical case an outdoor light operates from dusk to 
dawn (on average 10 hours a night over the course of the year120) and a timer reduces this 
to an average of 4 hours a night. Energy savings are, therefore, in the range of 60%. 
Outdoor light timers cost approximately $20.121  
 
� Motion Sensors 
  

 
 
 
 

 
 
 
Motion sensors for residential security lighting are designed to switch on the light only if 
there is movement. This reduces the time that the light is actually on to 30 to 60 minutes 
per night on average and results in energy savings of 90% to 95%. Motion sensors cost 
approximately $50.122 
 

6.3.8 Other 
 
The following “Other” measures were addressed: 
 
� Insulating swimming pool covers 
� Timers on pool pumps 
� Improved elevator efficiency. 
 

                                                 
 
120

 From Marbek Resource Consultants Ltd. Dusk to Dawn Luminaires. 
121

 From retailer scan. 
122

 From retailer scan. 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) All 
Vintage New and existing 
Costs Full cost $20 
Savings 60% 
Useful Life 10 years 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) All 
Vintage New and existing 
Costs Full cost $50 
Savings 95% 
Useful Life 10 years 
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� Insulating Swimming Pool Covers 
  

 
 
 
 
 
 
 

30% to 50% of the heat loss from a swimming pool is due to evaporation and can equate 
to 150 kWh of lost energy per week. In an outdoor pool, this heat loss either adds to the 
cost of heating the pool or shortens the swimming season. In an indoor pool, the 
evaporation not only adds to the cost of heating the pool itself but must also be removed 
from the pool room by a ventilation system, further increasing the cost. Evaporation also 
increases the quantity of chemicals that must be added to the pool. A pool cover can 
reduce evaporation and other heat losses but can also reduce heat gains depending on the 
design.  
 
This analysis assumes that the installation and regular use of a swimming pool cover will 
save 45% of the energy used for heating the swimming pool.123 The reduction in pool 
chemicals is an additional benefit that is not included in the cost savings. For a 
50 m2 pool, a cover with a manual reel is assumed to cost $900 to $1,500.124 It is assumed 
that a swimming pool cover has a life of approximately four years.125 
 
� Pool Pump Timer 
  

 
 
 
 
 
 
A pool pump circulates the water through the water heater and a filtration system. A 
typical residential pool has a one-HP pump (750 W) running 24 hours a day in the pool 
season. A timer can be installed onto the pump to reduce the pump operating hours to a 
recommended operating cycle of 12 hours per day resulting in energy savings of 50%. A 
pool pump timer retails at about $50 to $100.  

 

                                                 
 
123

 CanREN, How Can I best Manage My Pool’s Energy Use?, 2002. 
124

 Supplier quotes. 
125

 CanREN, op. cit. 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage New and existing 
Costs Full cost $1,200 
Savings 45% 
Useful Life 4 years 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) Single detached and attached 
Vintage New and existing 
Costs $80 
Savings 50% 
Useful Life 10 years 
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� Improved Elevator Efficiency 
  

 
 
 
 
 
 
 
 
There are two main energy-saving options for replacement of conventional elevators; 
geared regenerative and gearless regenerative. Premium-efficiency traction elevators use 
regenerative systems, in which the motor is turned backwards during descent to act as a 
generator. A gearless elevator can travel more swiftly thus increasing performance, but 
also costs considerably more. A geared regenerative elevator typically costs $9,000 more 
than a conventional geared non-regenerative elevator in a high-rise building and can save 
up to 30% in electricity use.  
 

6.4 SUMMARY OF “UNBUNDLED” RESULTS 
 
A summary of the “unbundled”126 results is provided in Exhibit 6.2. For each of the measures 
reviewed, the Exhibit shows: 
 
� The name of the measure and the approximate annual savings potential in each of the 

milestone years 
� The primary subsectors (dwelling types) that contribute to the savings shown for each 

measure  
� The measure’s average Cost of Conserved Energy (CCE) when applied in the different 

B.C. dwelling types and service regions 
� The cost basis127 for the CCE that is shown, e.g., “Full” versus “Incremental”. 
 
 

                                                 
 
126

 The term “unbundled” means that the savings for each measure are calculated in isolation of other important factors that 
ultimately determine the potential for real life savings. 
127

 See Step 3 in the preceding Section 6.2 for a fuller description. 

Assumptions Used for Analysis 

Applicable Dwelling Type(s) High-rise Apartments 
Vintage New and existing 
Costs Geared regenerative - incremental cost $9,000 

Gearless regenerative - incremental cost $110,000 
Savings Geared regenerative - 30% 

Gearless regenerative - 45% 
Useful Life 40 years 
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Exhibit 6.2: Residential Sector Energy Efficiency Technology Measures, “Unbundled” CCE and Potential Energy Savings 

 
 

Building Envelope Measures
Energy Star Windows Detached, Attached SFD (includes townhouse/row) Incr 463 376 286 192 0.04$             
Air Leakage Sealing Detached, Attached SFD (includes townhouse/row) Full 214 236 258 278 0.11$             
Attic Insulation Detached, Attached SFD (includes townhouse/row) Full 34 30 25 19 0.14$             
Wall Insulation Detached, Attached SFD (includes townhouse/row) Full 323 351 378 403 0.08$             
Foundation Insulation Detached, Attached SFD (includes townhouse/row) Full 64 72 78 84 0.24$             
Crawl-space Insulation Detached, Attached SFD (includes townhouse/row) Full 10 10 11 11 0.95$             
Super High Performance Windows Detached, Attached SFD (includes townhouse/row) Incr 112 123 133 142 0.23$             
Vacuum Panel Insulation Detached, Attached SFD (includes townhouse/row) Full 148 160 173 183 0.24$             
Whole Building
New House Designed to an EGNH 80 Rating Detached, Attached SFD (includes townhouse/row) Incr 62 120 174 216 0.05$             
Building recommissioning Apartment Buildings Apartments Full 63 62 61 61 0.11$             
LEED Rated Apartment Building Apartment Error Incr 30 63 97 124 0.05$             
Space Heating, Cooling, and Ventilation Equipment
Programmable Thermostats All All Residential Full 110 114 118 148 0.02$             
Duct Sealing Detached, Attached SFD (includes townhouse/row) Full 56 61 65 69 0.23$             
High Efficiency HRV Detached, Attached SFD (includes townhouse/row) Incr 3 5 6 7 0.17$             
Air Source Heat Pump Detached, Attached SFD (includes townhouse/row) Incr 115 117 121 124 0.13$             
Ground Source Heat Pump Detached SFD only Incr 7 13 20 24 0.17$             
Replace air-source heat pump with a cold-climate heat pump (heating load 10 kWh/ft2yr)Apartment Buildings Apartments Incr 24 28 31 33 0.03$             
Ground Source Heat Pump in Commercial Buildings Apartment Buildings Apartments Incr 2 5 7 9 0.11$             
High Efficiency AC Detached, Attached SFD (includes townhouse/row) Incr 6 7 9 10 0.08$             
Whole House Fans Detached, Attached SFD (includes townhouse/row) Incr 185 225 262 295 0.03-$             
Furnace Fan Motor (ECPMM) Detached, Attached SFD (includes townhouse/row) Incr 177 182 184 183 0.12$             
Premium efficiency motors (2500 hrs/yr) Apartment Buildings Apartments Full 1 1 2 2 0.30$             
Domestic Hot Water (DHW)
Low-Flow Showerheads and Faucets All All Residential Full 66 49 32 16 0.01$             
DHW Tank Insulating Blanket Detached, Attached SFD (includes townhouse/row) Full 41 38 35 31 0.01$             
DHW Pipe Wrap Detached, Attached SFD (includes townhouse/row) Full 19 18 17 15 0.00$             
DHW Heat Trap Detached, Attached SFD (includes townhouse/row) Full 15 11 8 4 0.10$             
Waste Water Heat Recovery Detached, Attached SFD (includes townhouse/row) Incr 5 10 15 19 0.18$             
Heat Pump Water Heater Detached, Attached SFD (includes townhouse/row) Incr 379 410 440 468 0.04$             

Measure
Annual Savings - 

F2026 (GWh/year)
Average CCE 

($/kWh)
Subsectors from Model

Cost Basis
(Full vs. 

Incremental)
Primary Sub Sector

Annual Savings - 
F2021 (GWh/year)

Annual Savings - 
F2016 (GWh/year)

Annual Savings - 
F2011 (GWh/year)
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Exhibit 6.2: Residential Sector Energy Efficiency Technology Measures, “Unbundled” CCE and Potential Energy Savings 
(cont’d.)  

 

 
 
 
 
 
 

Major Appliances (Range, Refrigerator, Freezer, Dishwasher, Clothes Washer)
Microwave/convection Oven All All Residential Incr 155 149 142 132 0.60$             
Energy Star Fridge All All Residential Incr 113 96 81 67 0.07$             
Energy Efficient Freezer All All Residential Incr 50 45 40 35 0.10$             
Energy Star Dishwasher All All Residential Incr 141 138 135 129 0.07$             
Energy Star Top Loading Clothes Washer All All Residential Incr 565 583 600 610 0.03$             
Front Loading Washing Machine All All Residential Incr 28 26 24 21 0.06$             
Household Electronics (Computer & Peripherals, Television and Television Peripherals, Other Electronics)
Standby Losses All All Residential Incr 541 644 682 678 0.02$             
Energy Star Computer All All Residential Incr 278 371 472 581 0.62$             
LCD Computer Monitor All All Residential Incr 33 38 41 41 0.00$             
Energy Star TV All All Residential Incr 112 116 118 119 0.07$             
LCD TV All All Residential Incr 116 118 117 111 0.25$             
Lighting
CFLs - Standard All All Residential Full 635 663 689 708 0.01$             
CFLs Specialised All All Residential Full 90 94 98 101 0.08$             
LED Holiday Lights All All Residential Full 67 70 73 75 0.08$             
Standard T8 Lighting - Common Areas Apartment Buildings Apartments Full 61 45 29 13 0.06$             
High Performance T8 Lighting - Common Areas Apartment Buildings Apartments Incr 46 54 62 68 0.01$             
Timer All All Residential Full 5 6 6 6 0.02$             
Motion Sensor All All Residential Full 9 9 9 10 0.04$             
Swimming Pools and Spas
Insulating Pool Covers All All Residential Full 106 111 115 118 0.12$             
Pool Pump Timer All All Residential Full 96 101 104 108 0.17$             
Efficient Motors for Pool Pumps All All Residential Incr 90 94 97 100 0.36$             
Heat Pumps for Swimming Pools All All Residential Incr 165 173 179 185 0.03$             
Elevators
Elevators-Geared Regenerative Apartment Buildings Apartments Full 10 10 10 11 0.23$             

Annual Savings - 
F2026 (GWh/year)

Average CCE 
($/kWh)

Annual Savings - 
F2011 (GWh/year)

Annual Savings - 
F2016 (GWh/year)

Annual Savings - 
F2021 (GWh/year)

Measure Subsectors from Model Primary Sub Sector
Cost Basis
(Full vs. 

Incremental)
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6.5 ENERGY EFFICIENCY SUPPLY CURVES 
 
A supply curve was constructed based on the approximate technical potential savings associated 
with the above measures. The following approach was followed: 
 
� Measures were introduced in sequence. 
� Where more than one measures affected the same end use, the savings shown for the 

second measure are incremental to those already shown for the first. 
� Sequence was determined by listing first the items that reduce the electrical load, then 

those that meet residual load with the most efficient technology. It includes consideration 
of CCE results from the preceding Exhibit. 

� Items appear in order, starting with the lowest average CCE, but do not stop at a specified 
CCE level. Hence, it presents a type of technical potential scenario. 

 
Exhibit 6.3 shows the measures included in the supply curve and Exhibit 6.4 shows the supply 
curve. 
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Exhibit 6.3: Summary of Residential Sector Energy Efficiency Measures, F2026 
 

Whole House Fans 0.03-$                        295
LCD Computer Monitor 0.00$                        41
DHW Pipe Wrap 0.00$                        15
High Performance T8 Lighting - Common Areas 0.01$                        68
CFLs - Standard 0.01$                        708
Low-Flow Showerheads and Faucets 0.01$                        16
DHW Tank Insulating Blanket 0.01$                        31
Programmable Thermostats 0.02$                        148
Standby Losses 0.02$                        678
Timer 0.02$                        6
Heat Pumps for Swimming Pools 0.03$                        185
Replace air-source heat pump with a cold-climate heat pump (heating load 10 kWh/ft2yr)0.03$                        33
Energy Star Top Loading Clothes Washer 0.03$                        610
Energy Star Windows 0.04$                        192
Motion Sensor 0.04$                        10
Heat Pump Water Heater 0.04$                        468
LEED Rated Apartment Building 0.05$                        124
New House Designed to an EGNH 80 Rating 0.05$                        216
Standard T8 Lighting - Common Areas 0.06$                        13
Front Loading Washing Machine 0.06$                        21
Energy Star TV 0.07$                        119
Energy Star Fridge 0.07$                        67
Energy Star Dishwasher 0.07$                        129
LED Holiday Lights 0.08$                        75
CFLs Specialised 0.08$                        101
High Efficiency AC 0.08$                        10
Wall Insulation 0.08$                        403
Energy Efficient Freezer 0.10$                        35
DHW Heat Trap 0.10$                        4
Ground Source Heat Pump in Commercial Buildings 0.11$                        9
Air Leakage Sealing 0.11$                        278
Building recommissioning 0.11$                        61
Furnace Fan Motor (ECPMM) 0.12$                        183
Insulating Pool Covers 0.12$                        118
Air Source Heat Pump 0.13$                        124
Attic Insulation 0.14$                        19
High Efficiency HRV 0.17$                        7
Pool Pump Timer 0.17$                        108
Ground Source Heat Pump 0.17$                        24
Waste Water Heat Recovery 0.18$                        19
Duct Sealing 0.23$                        69
Super High Performance Windows 0.23$                        142
Elevators-Geared Regenerative 0.23$                        11
Vacuum Panel Insulation 0.24$                        183
Foundation Insulation 0.24$                        84
LCD TV 0.25$                        111
Premium efficiency motors (2500 hrs/yr) 0.30$                        2
Efficient Motors for Pool Pumps 0.36$                        100
Microwave/convection Oven 0.60$                        132
Energy Star Computer 0.62$                        581
Crawl-space Insulation 0.95$                        11

Measure
Annual 
Savings 

(GWh/year)

Average CCE 
($/kWh)
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Exhibit 6.4: Supply Curve for Residential Sector, F2026 

Technical Supply Curve - F2026
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* Exhibit 6.3 identifies the measures that make up each of the CCE thresholds shown above; number of measures is 
too numerous to label directly in Exhibit 6.4. 
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7. ECONOMIC POTENTIAL ELECTRIC ENERGY FORECAST 
 
7.1 INTRODUCTION 
 
This section presents the Residential sector Economic Potential electric energy forecast for the 
study period F2006 to F2026. The Economic Potential forecast estimates the level of electricity 
consumption that would occur if all equipment and building envelopes were upgraded to the 
level that is cost effective against the long-run avoided cost of electricity in the BC Hydro 
service area. In this study, “cost effective” means that the technology upgrade cost, referred to as 
the Cost of Conserved Energy (CCE) in the preceding section, is equal to, or less than, the 
economic screen, which BC Hydro derived from its reference price for new electricity supply 
delivered to the Lower Mainland ($0.13/kWh).128 
 
The discussion in this section covers the following: 
 
� Avoided cost used for screening 
� Major modelling tasks 
� Technologies included in Economic Potential forecast 
� Presentation of results 
� Interpretation of results 
� Energy efficiency supply curves 
� Summary of peak load reductions. 
 
7.2 AVOIDED COST USED FOR SCREENING 
 
BC Hydro has determined that its energy reference price is $88/MWh, or $0.088/kWh. This is 
based on an average of the results of the 2006 energy call for tender. It represents the average 
real levelized cost to deliver firm energy to the load centre in the Lower Mainland. It includes 
infrastructure costs and losses in getting energy to the Lower Mainland at the bulk transmission 
level. Further infrastructure costs are driven mainly by capacity needs rather than energy needs 
and are best accounted for in the capacity screen. The energy reference price also includes a 
greenhouse gas adder to value GHG emissions, which are expected to be regulated. 
 
The energy economic screen is calculated by adding 50% to the energy reference price to capture 
potential future opportunities above the current avoided cost. The resulting energy economic 
screen used in this analysis is, therefore, $0.13/kWh ($0.088/kWh*1.50). This allows for 
uncertainties in the energy reference price over time and ensures that the study results are not 
rendered obsolete in the short term due to a new energy reference price that exceeds the study’s 
economic screen.  
 
The Economic Potential forecast incorporates all the electric energy-efficient upgrades that the 
technology assessment found with a CCE equal to or less than $0.13/kWh.  
 

                                                 
 
128

 Value provided by BC Hydro. 
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7.3 MAJOR MODELLING TASKS  
 
By comparing the results of the Residential sector Economic Potential electric energy forecast 
with the Reference Case, it is possible to determine the aggregate level of potential electricity 
savings within the Residential sector, as well as to identify which specific building segments and 
end uses provide the most significant opportunities for savings. 
 
To develop the Residential sector Economic Potential forecast, the following tasks were 
completed: 
 
� The CCE for each of the energy-efficient upgrades presented in Exhibit 6.1 were 

reviewed, using the 6% (real) discount rate.  
 
� Technology upgrades that had a CCE equal to, or less than, the $0.13/kWh threshold 

were selected for inclusion in the Economic Potential scenario, either on a “full cost” or 
“incremental” basis. It is assumed that technical upgrades having a “full cost” CCE that 
met the cost threshold were implemented in the first forecast year. It is assumed that 
those upgrades that only met the cost threshold on an “incremental” basis are being 
introduced more slowly as the existing stock reaches the end of its useful life. 

 
� Electricity use within each of the building segments was modelled with the same energy 

models that were used to generate the Reference Case. However, for this forecast, the 
remaining “baseline” technologies included in the Reference Case forecast were replaced 
with the most efficient “technology upgrade option” and associated performance 
efficiency that met the cost threshold of $0.13/kWh. 

 
� When more than one upgrade option was applied to a given end use, the first measure 

selected was the one that reduced the electrical load. For example, measures to reduce the 
overall DHW load (e.g., low-flow showerheads and more efficient dishwashers) were 
applied before the heat pump water heater. Similarly, the cost effectiveness of the heat 
pump water heater was tested at the new, lower annual load and included only if it 
continued to meet the CCE threshold. 

 
7.4 TECHNOLOGIES INCLUDED IN ECONOMIC POTENTIAL FOR ECAST 

 
Exhibit 7.1 provides a listing of the technologies selected for inclusion in this forecast. In each 
case, the exhibit shows the following: 
 
� End use affected 
� Upgrade option(s) selected 
� Dwelling types to which the upgrade options were applied 
� Rate at which the upgrade options were introduced into the stock. 
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Exhibit 7.1: Technologies Included in Economic Potential Forecast 
 

End Use Upgrade Option 
Applicability of Upgrade 

Options 
by Dwelling Type 

 
Rate of Stock Introduction 

 

Energy Star Windows  SFD (includes townhouse/row) 
New construction, immediate 
Existing homes, at rate of 
window replacement 

Super high-performance 
windows 

SFD (includes townhouse/row) 
New construction, immediate 
Existing homes, at rate of 
window replacement 

Air leakage sealing SFD (includes townhouse/row) Immediate 
Attic insulation SFD (includes townhouse/row) Immediate 

Existing Building 
Envelope 

Wall insulation SFD (includes townhouse/row) Immediate 
    New Building 
Design 

New house designed to an EG80 
rating 

SFD (includes townhouse/row) Immediate 

    Programmable thermostats All Residential Immediate 
Air-source heat pump SFD (includes townhouse/row) New construction, immediate 
High-efficiency AC SFD (includes townhouse/row) At rate of unit replacement 
Whole house fans SFD (includes townhouse/row) At rate of unit replacement 

Space Heating, 
Cooling and 
Ventilation 
Equipment 

Furnace fan motor (ECPMM) SFD (includes townhouse/row) At rate of unit replacement 
    DHW tank insulating blanket SFD (includes townhouse/row) Immediate 

DHW pipe wrap SFD (includes townhouse/row) Immediate 
DHW heat trap SFD (includes townhouse/row) Immediate 
Heat pump water heater SFD (includes townhouse/row) At rate of tank replacement 

Domestic Hot 
Water 

Low-flow shower heads and 
faucets 

All Residential  Immediate 

    Energy Star fridge All Residential At rate of unit replacement 
Energy-efficient freezer All Residential At rate of unit replacement 
Energy Star dishwasher All Residential At rate of unit replacement 
Energy Star top-loading clothes 
washer 

All Residential At rate of unit replacement 
Major Appliances 

Front-loading washing machine All Residential At rate of unit replacement 
    CFLs All Residential Immediate 

LED holiday lights All Residential At rate of unit replacement 
High-performance T8 lighting Apartments At rate of unit replacement 
Outdoor lighting timer SFD (includes townhouse/row) Immediate 

Lighting 

Motion sensor SFD (includes townhouse/row) Immediate 
    LCD computer monitor All Residential At rate of unit replacement Computers and 
Peripherals Reduce standby losses All Residential Immediate 
    Energy Star TV All Residential At rate of unit replacement 
Television 

Standby losses All Residential Immediate 
    Television 
Peripherals 

Standby losses All Residential Immediate 

    Other Electronics Standby losses All Residential Immediate 
    Insulating pool cover  SFD (includes townhouse/row) Immediate Swimming Pools 
and Hot Tubs Timers SFD (includes townhouse/row) Immediate 
    Small Appliances 
and Other 

Standby losses All Residential Immediate 
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7.5 SUMMARY OF ELECTRIC ENERGY SAVINGS  
 
Exhibit 7.2 compares the Reference Case and Economic Potential electric energy forecast levels 
of residential electricity consumption.129 As illustrated, under the Reference Case residential 
electricity use would grow from the Base Year level of 16,106 GWh/yr to approximately 22,156 
GWh/yr by F2026. This contrasts with the Economic Potential forecast in which electricity use 
would increase to approximately 16,635 GWh/yr for the same period, a difference of 
approximately 5,521 GWh/yr. 

 
Exhibit 7.2: Reference Case versus Economic Potential Electric Energy Consumption in 

Residential Sector (GWh/yr) 

 
7.5.1 Electric Energy Savings 
 

Further detail on the total potential electric energy savings provided by the Economic 
Potential forecast is provided in the following exhibits: 

 
� Exhibit 7.3 presents the results by end use, dwelling type and milestone year for the 

total BC Hydro service area (results by region are presented in Appendix H). 
� Exhibit 7.4 provides a further disaggregation of the savings by end use, technology, 

milestone year and cost. 
� Exhibit 7.5 presents F2026 savings by major end use and detachment type. 
� Exhibit 7.6 presents F2026 savings by major end use and service region. 
� Exhibit 7.7 presents F2026 savings by major end use and vintage. 
� Exhibit 7.8 presents total savings by milestone year and service region. 

 
Appendix I provides a monthly breakdown of the F2011 Economic Potential results for 
the total BC Hydro service area. 

                                                 
 
129

 All results are reported at the customer’s point-of-use and do not include line losses.  
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Exhibit 7.3: Total Potential Electricity Savings by End Use, Dwelling Type and Milestone Year for the total BC Hydro 
Service Area (GWh/yr) 
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F2011 1,909 573 64 52 251 0 0 0 8 8 63 657 9 3 38 1 181 0 0
F2016 2,614 630 135 99 383 0 5 2 16 18 141 678 64 10 146 4 281 0 0
F2021 3,401 680 223 152 499 0 23 8 21 29 219 695 126 36 296 8 385 0 0
F2026 3,865 758 324 213 577 0 37 14 20 31 231 707 140 60 347 9 398 0 0

F2011 196 32 5 4 46 0 0 0 1 1 8 88 1 0 6 0 4 0 0
F2016 310 49 10 8 74 0 1 1 2 2 20 98 10 2 25 1 7 0 0
F2021 454 67 18 13 104 0 5 3 3 4 33 110 22 7 53 1 10 0 0
F2026 560 98 26 20 125 0 8 6 3 5 37 117 25 12 66 2 11 0 0

F2011 155 35 3 7 15 0 0 0 1 0 4 81 1 0 3 0 3 0 0
F2016 217 45 4 9 25 0 0 0 1 1 9 87 9 1 20 1 5 0 0
F2021 290 52 6 11 35 0 0 0 2 2 15 94 18 5 42 1 7 0 0
F2026 320 62 7 12 37 0 0 0 2 2 16 93 21 9 50 1 8 0 0

F2011 204 27 4 10 20 0 0 0 1 1 6 127 2 1 4 0 2 0 0
F2016 284 32 6 13 34 0 0 0 2 2 13 137 13 2 28 1 2 0 0
F2021 382 33 8 16 50 0 0 0 3 3 21 152 26 7 58 2 4 0 0
F2026 419 40 9 19 54 0 0 0 3 3 23 150 30 13 70 2 4 0 0

F2011 131 0 2 1 56 0 0 0 1 1 7 48 1 0 5 0 9 0 0
F2016 203 -5 4 1 90 0 1 1 1 2 16 52 6 1 17 1 14 0 0
F2021 293 -13 5 2 125 0 4 4 2 3 25 57 13 5 40 1 21 0 0
F2026 357 -15 7 2 154 0 6 7 2 4 29 61 16 9 51 1 23 0 0

F2011 2,595 668 78 75 388 0 0 0 11 11 87 1,001 14 5 56 2 199 0 0
F2016 3,628 751 159 130 606 0 7 3 23 25 199 1,053 103 16 236 7 310 0 0
F2021 4,820 820 260 193 814 0 31 15 31 41 313 1,108 205 61 489 13 427 0 0
F2026 5,521 943 372 265 948 0 52 27 30 44 335 1,129 232 102 584 14 443 0 0

TOTAL
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Notes:  
1) Results are measured at the customer’s point-of-use and do not include line losses.  
2) Any differences in totals are due to rounding.  
3) In the above Exhibit a value displays as 0 if it is between 0 and 0.5. Totals are calculated using the actual numerical value.  
4) Negative values in the space heating end use are a result of the reduction in internal heat gains due to lighting and appliance measures being greater than any savings from space 
heating measures. 
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Exhibit 7.4: Potential Electricity Savings by End Use, Technology, Segment, Milestone Year and CCE (GWh/yr) 

 

Building Envelope Measures
Energy Star Windows Detached, Attached SFD (includes townhouse/row) Incr 3 12 22 36
Air Leakage Sealing Detached, Attached SFD (includes townhouse/row) Full 213 224 233 240
Attic Insulation Detached, Attached SFD (includes townhouse/row) Full 4 3 3 2
Wall Insulation Detached, Attached SFD (includes townhouse/row) Full 384 401 416 427
Super High Performance Windows Detached, Attached SFD (includes townhouse/row) Incr 28 61 97 121
Whole Building
New House Designed to an EGNH 80 Rating Detached, Attached SFD (includes townhouse/row) Incr 5 22 50 85
Building recommissioning Apartment Buildings Apartments Full 63 62 61 61
LEED Rated Apartment Building Apartment Buildings Apartments Incr 31 64 97 125
Space Heating, Cooling, and Ventilation Equipment
Programmable Thermostats All All Residential Full 133 136 136 167
Air Source Heat Pump Detached, Attached SFD (includes townhouse/row) Incr 0 36 70 102
Replace air-source heat pump with a cold-climate heat pump (heating load 10 kWh/ft2yr)Apartment Buildings Apartments Incr 8 18 31 33
Ground Source Heat Pump in Commercial Buildings Apartment Buildings Apartments Incr 2 5 7 9
High Efficiency AC Detached, Attached SFD (includes townhouse/row) Incr 1 3 7 10
Whole House Fans Detached, Attached SFD (includes townhouse/row) Incr 48 116 202 301
Furnace Fan Motor (ECPMM) Detached, Attached SFD (includes townhouse/row) Incr 34 78 129 184
Domestic Hot Water (DHW)
Low-Flow Showerheads and Faucets All All Residential Full 66 49 32 16
DHW Tank Insulating Blanket Detached, Attached SFD (includes townhouse/row) Full 52 43 36 31
DHW Pipe Wrap Detached, Attached SFD (includes townhouse/row) Full 24 21 17 15
DHW Heat Trap Detached, Attached SFD (includes townhouse/row) Full 19 13 8 4
Heat Pump Water Heater Detached, Attached SFD (includes townhouse/row) Incr 121 234 342 478
Major Appliances (Range, Refrigerator, Freezer, Dishwasher, Clothes Washer)
Energy Star Fridge All All Residential Incr 0 6 27 45
Energy Efficient Freezer All All Residential Incr 0 3 13 23
Energy Star Dishwasher All All Residential Incr 49 102 135 129
Energy Star Top Loading Clothes Washer All All Residential Incr 153 353 563 612
Front Loading Washing Machine All All Residential Incr 2 10 18 21
Household Electronics (Computer & Peripherals, Television and Television Peripherals, Other Electronics)
Standby Losses All All Residential Incr 68 278 571 682
LCD Computer Monitor All All Residential Incr 0 40 74 72
Energy Star TV All All Residential Incr 0 0 27 60
Lighting
CFLs - Standard All All Residential Full 639 667 693 713
CFLs Specialised All All Residential Full 91 95 98 101
LED Holiday Lights All All Residential Full 68 71 73 75
Standard T8 Lighting - Common Areas Apartment Buildings Apartments Full 61 46 29 13
High Performance T8 Lighting - Common Areas Apartment Buildings Apartments Incr 14 35 62 68
Timer All All Residential Full 6 6 6 6
Motion Sensor All All Residential Full 9 9 9 10
Swimming Pools and Spas
Insulating Pool Covers All All Residential Full 106 111 115 118
Heat Pumps for Swimming Pools All All Residential Incr 93 199 312 325

Annual Savings - 
F2016 

(GWh/year)

Annual Savings - 
F2011 

(GWh/year)
Measure

Annual Savings - 
F2026 

(GWh/year)
Subsectors from Model

Cost Basis
(Full vs. 

Incremental)
Primary Sub Sector

Annual Savings - 
F2021 

(GWh/year)
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Exhibit 7.5: Savings by Major End Use and Detachment Type – F2026 

 
Exhibit 7.6: Savings by Major End Use and Service Region - F2026 
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Exhibit 7.7: Savings by Major End Use and Vintage - F2026 

 
 

Exhibit 7.8: Savings by Milestone Year and Service Region - F2026 
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7.5.2 Interpretation of Results 
 

Highlights of the results presented in the preceding exhibits are summarized below: 
 

� Electric Energy Savings by Service Region 
 
The Vancouver Island service region offers a proportionally larger share of savings due 
to its higher incidence of electric space and water heating. 

 
� Electric Energy Savings by Milestone Year 
 
Approximately half of the economic savings are available by the first milestone year; this 
occurs because many of the efficiency upgrades are economically attractive at full 
replacement cost. 

 
� Electric Energy Savings by Segment 
 
Single-family dwellings and duplexes account for over two-thirds of the potential 
savings; this reflects their larger market share and their generally higher level of electrical 
intensity per dwelling. Conversely, apartments offer slightly less savings potential on a 
percentage basis than the other segments.  

 
� Electric Energy Savings by End Use  

 
Space heating, cooling, and ventilation savings from upgrades to the building envelope 
and space heating systems account for approximately 34% of the total electricity savings 
in the Economic Potential forecast. Of this, 22% are from wall insulation, 16% from 
whole house fans, 13% from air leakage sealing, 11% from integrated design methods for 
new construction, 10% from fan motors, and 9% from thermostats. 
 
Lighting accounts for approximately 18% of the total electricity savings in the Economic 
Potential forecast. The replacement of incandescent lamps with CFLs accounts for 83% 
of these potential savings, followed by conversion of T12 fluorescent lighting to high-
performance T8 systems in apartment corridors (8%) and the adoption of LED holiday 
lighting (8%). It should be noted that this savings value applies only to the electricity 
used by the specified lighting appliance itself; it does not include any interactive effects 
with other end uses. 
 
In the Economic Potential forecast, DHW savings account for approximately 17% of the 
total electricity savings. Of this, approximately 50% are from heat pump water heaters. 
Approximately 43% of the DHW savings come from reduced hot water use in efficient 
clothes washers and dishwashers. 
 
Electronic appliances such as TVs, computers and TV peripherals account for 15% of the 
total electricity savings in the Economic Potential forecast. Approximately 84% of that is 
due to a reduction in standby losses.  
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7.5.3 Caveats on Interpretation of Results 

 
A systems approach, consistent with that employed in the original CPR, was used to 
model the energy impacts of the efficiency upgrades presented in the preceding section. 
In the absence of a systems approach, there would be double counting of savings and an 
accurate assessment of the total contribution of the energy-efficient upgrades would not 
be possible. More specifically, there are two particularly important considerations: 

 
� More than one upgrade may affect a given end use. For example, improved 

insulation reduces space heating electricity use, as does the installation of a heat 
pump. On their own, each measure will reduce overall space heating electricity use. 
However, the two savings are not additive. The order in which some upgrades are 
introduced is also important. In this study, the approach has been to select and model 
the impact of “bundles of measures” that reduce the load for a given end use (e.g., 
wall insulation and window upgrades that reduce the space heating load) and then to 
introduce measures that meet the remaining load more efficiently (e.g., a high-
efficiency space heating system). 

 
� There are interactive effects among end uses. For example, the electricity savings 

from more efficient appliances and lighting result in reduced waste heat. During the 
space heating season, this appliance and lighting waste heat contributes to the 
building’s internal heat gains, which lower the amount of heat that must be provided 
by the space heating system. The magnitude of the interactive effects can be 
significant. Based on selected building energy use simulations, a 100 kWh savings in 
appliance or lighting electricity use results, on average, in an increased space heating 
load of 42 kWh to 54 kWh, depending on housing detachment type and geographical 
location.  

 
7.6 ENERGY EFFICIENCY SUPPLY CURVES 
 
A supply curve was constructed based on the approximate Economic Potential savings associated 
with the above measures. The following approach was followed: 
 
� Measures are introduced in sequence to show incremental impact and cost. 
� Sequence was determined by listing first the items that reduce the electrical load, then 

those that meet residual load with the most efficient technology.  
� Items appear in order, beginning with those that have the lowest average CCE. 
 
Exhibit 7.9 shows the measures included in the supply curve and Exhibit 7.10 shows the supply 
curve. The annual savings shown for measures in this chapter will in most cases differ from the 
savings amounts shown in Exhibit 6.3. In most cases, values are reduced by the economic 
screens applied – if they fail to pass the screen for specific dwelling types or regions, this will 
reduce the savings; some measures are eliminated entirely. Values that increase in this exhibit do 
so because of a decrease in the energy penalty associated with space heating. Measures that save 
electricity within the building envelope reduce the contribution that end use makes towards space 
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heating. If the heating system or building envelope is made more efficient (as is the case in the 
Economic Potential scenario) this effect is reduced. 
 

Exhibit 7.9: Summary of Residential Sector Energy Efficiency Measures, F2026 

 

Whole House Fans 0.03-$                      301
LCD Computer Monitor 0.00$                      72
DHW Pipe Wrap 0.00$                      15
High Performance T8 Lighting - Common Areas 0.01$                      68
CFLs - Standard 0.01$                      713
Low-Flow Showerheads and Faucets 0.01$                      16
DHW Tank Insulating Blanket 0.01$                      31
Programmable Thermostats 0.02$                      167
Standby Losses 0.02$                      682
Timer 0.02$                      6
Heat Pumps for Swimming Pools 0.03$                      325
Super High Performance Windows 0.03$                      121
Replace air-source heat pump with a cold-climate heat pump (heating load 10 kWh/ft2yr)0.03$                      33
Energy Star Top Loading Clothes Washer 0.03$                      612
Motion Sensor 0.04$                      10
Energy Star Windows 0.04$                      36
Heat Pump Water Heater 0.04$                      478
LEED Rated Apartment Building 0.05$                      125
New House Designed to an EGNH 80 Rating 0.05$                      85
Standard T8 Lighting - Common Areas 0.06$                      13
Front Loading Washing Machine 0.06$                      21
Energy Star TV 0.07$                      60
Energy Star Fridge 0.07$                      45
Energy Star Dishwasher 0.07$                      129
LED Holiday Lights 0.08$                      75
CFLs Specialised 0.08$                      101
High Efficiency AC 0.08$                      10
Wall Insulation 0.08$                      427
Air Leakage Sealing 0.09$                      240
Energy Efficient Freezer 0.10$                      23
DHW Heat Trap 0.10$                      4
Ground Source Heat Pump in Commercial Buildings 0.11$                      9
Attic Insulation 0.11$                      2
Furnace Fan Motor (ECPMM) 0.11$                      184
Building recommissioning 0.11$                      61
Insulating Pool Covers 0.12$                      118
Air Source Heat Pump 0.13$                      102

Measure
Annual 
Savings 

(GWh/year)

Average CCE 
($/kWh)
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Exhibit 7.10: Supply Curve for Residential Sector, F2026 
 

Economic Supply Curve - F2026
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7.7 SUMMARY OF ELECTRIC PEAK LOAD REDUCTIONS 
 
Exhibit 7.11 presents a summary of the peak load reductions that would occur as a result of the 
electric energy savings contained in Economic Potential forecast. The reductions are shown for 
the total BC Hydro service area by milestone year and peak period. In each case, the reductions 
are an average value over the peak period and are defined relative to the Reference Case 
presented previously in Section 4. Exhibit 7.12 shows the same information graphically for Peak 
Period 1. 
 
Electric peak load reductions related to capacity-only measures are presented separately in 
Sections 8 and 9. 
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Exhibit 7.11: Electric Peak Load Reductions (MW) Relative to Reference Case for the 
Total BC Hydro Service Area by Milestone Year and Peak Period 

 

Period 1
Peak Hour

Period 2
Critical Peak Day

Period 3
Winter Peak Day

Period 4
Winter Peak Energy

F2011 778 785 622 531
F2016 997 997 824 714
F2021 1,238 1,232 1,040 912
F2026 1,401 1,394 1,191 1,038

Total BCH

Service 
Region

Peak Period
Milestone 

Year

 
 
 

Exhibit 7.12: Electric Peak Load Reductions (MW) for Peak Period 1 Relative to 
Reference Case for the Total BC Hydro Service Area by Milestone Year 
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8. ELECTRIC PEAK LOAD MEASURES 
 
8.1 INTRODUCTION 
 
This section identifies and assesses the economic attractiveness of selected Residential sector 
electric capacity-only peak load reduction measures” 130, which in this study are defined as those 
measures that affect electric peak but have minimal or no impact on daily, seasonal or annual 
energy use. 
 
The discussion in this section covers the following: 
 
� Overview 
� Selection of electric peak load reduction measures 
� Description of measures 
� Summary of results. 
 
8.2 OVERVIEW 
 
Electric peak load measures are typically implemented by utilities to avoid or defer the costs of 
capacity expansion. Capacity costs refer to all levels of capital-based investments, including 
generating stations (new and upgraded), transmission lines and distribution lines, along with 
substations, transformers and other infrastructure required to deliver power, primarily related to 
peak capacity-driven requirements.  
 
Generation and transmission generally apply to system-wide capacity or large regions, such as 
the four defined BC Hydro area regions (Lower Mainland, Vancouver Island, Southern Interior, 
Northern Region). Capacity related to primary and secondary voltage distribution investments 
(lines and substations) generally apply to smaller geographic sections, specific to the mix of 
customers by sector (Residential, Commercial or Industrial) serving those customer types. For 
example, a substation or distribution network serving residential electric heating customers will 
require capacity to serve that customer type’s peak, which would likely occur in the morning 
hours, but somewhat also early evenings, consistent with Peak Period 2 (coldest winter evenings 
4 to 9 pm) or Peak Period 3 (add coldest winter mornings 7 am to 1 pm).  
 
Exhibit 8.1 illustrates a typical electric space heat load profile on a cold winter day for Lower 
Mainland pre-1976 single family dwellings (Base Case 13,105 kWh/yr). As shown, the evening 
aggregate annual peak for these customers is estimated at about 6.7 kW per customer at about 7 
to 8 pm, but only about 4.7 kW on an average winter weekday. In terms of the defined peak 
periods, average kW for Peak Period 1 for this subsector is 6.14 kW; for Peak Period 2 it is 5.82 
and 5.06 kW for Peak Period 3. 
 
 

                                                 
 
130

 Electric peak load reductions also occur as a result of measures that improve electric energy efficiency or measures that affect 
operating hours. These electric peak load impacts are addressed in the previous Sections 6 and 7. 
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Exhibit 8.1: Typical Space Heat Load Profile 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supply capacity can be purchased, but infrastructure must still be available to deliver the supply 
to customers. DSM measures that reduce peak requirements avoid and/or defer these capital-
intensive investments.  
 
From the customer’s perspective, adoption of electric peak reduction strategies is typically 
dependent on the overall benefits to them, including direct incentive payments or rate benefits. 
Under most current rates for residential (and small commercial) customers, customers are billed 
only for electric energy (kWh) regardless of when it is used, and not for “demand”. 
Consequently, electric peak load measures that do not also reduce overall energy consumption do 
not provide any financial benefits to customers under typical current rate structures. However, 
the industry trend is towards more specific pricing, including time-of-use and even hourly 
pricing, or peak incentives that pass along some of the utility benefits to customers on a 
performance basis. These new pricing structures provide incentive for even residential customers 
to implement measures or to participate in utility peak load reduction programs, as long as the 
differential between peak and off-peak prices are sufficient to provide a noticeable bill saving 
potential. To date, these options have been limited by: 
 
� The availability and cost of suitable metering technology,131 both intra and remote 

house/facility data communications; and  
� Energy measurement storage options that would enable remote and/or automated 

measurement and control of devices in the home. 
 
8.3 ELECTRIC PEAK LOAD REDUCTION MEASURES 
 
The selected electric peak load reduction measures are presented in Exhibit 8.2. The candidate 
measures were selected in collaboration with BC Hydro personnel and External Review Panel 
(ERP) members based on a combination of a literature review and previous study team 
experience. The selected measures are all considered to be technically proven and commercially 
                                                 
 
131

 “Suitable metering technology” would include automated metering infrastructure (AMI) and automated meter readings 
(AMR). 
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available, though some currently at an early stage of market adoption. Technology costs, which 
will be addressed in this section, were not a factor in this initial selection of candidate 
technologies. In addition, some measures that are considered technical measures may be 
implemented as behavioural in the short term, until - and if - the technology to automate these 
measures is cost-effective. For example, a program in which the utility appeals to customers to 
conserve on a particular day or span of hours could be implemented as a behavioural measure via 
customers voluntarily shutting off unnecessary lights. Home automation devices now available 
would enable customers to shut selected lights automatically or even remotely on-demand. 
Finally, utility access, via communications with in-home control systems could enable utilities to 
shut devices, with customer approval, remotely during system critical times, much as is often 
done with remote thermostat control systems for heating and cooling now in use by many 
utilities. Thus, some measures identified as technical potential may be initially implemented as 
behavioural and evolve into technical measures as technology and economics advance. 
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Exhibit 8.2: Summary of Residential Electric Peak Load Reduction Measures 
 

Residential 
End Use 

Capacity-only 
Measure 

Description 

 
Applicability of Measures 

By Subsector 
 

Thermostat-based 
utility load 
control 

Remote-communicating thermostat 
controlling central heating equipment that 
enables either temperature setback control 
or cycling control (typically utility-
controlled for peak reduction) 

Electrically heated dwellings 
with thermostat control 

Switch-based 
heating unit load 
control 

Control switch installed on heating system 
circuits or central unit for remote cycling 
control (typically utility controlled)  

Electrically heated dwellings  
Space Heating 

Electric thermal 
storage 

Electric Thermal Storage (ETS) units to 
replace central, hydronic or baseboard 
units. 

Dwelling units with 
electricity as main heating 
fuel and without multiple 
heating types – requires off-
peak rate structure 

    

Water Heating 
Switch-based 
water heating unit 
control 

Control switch installed on water heating 
system circuits or unit for remote shut-off 
or cycling control (typically utility 
controlled) 

Electric water heating with 
separate tanks 

    

Lighting 
Non-essential 
lighting control 

Control switch installed on non-essential 
lighting plug loads and circuits (e.g. 
holiday lights) for utility control during 
system critical events 

All 

    

Multiple 
(Whole-house) 

Voluntary remote 
plug load control 

Switches on voluntary, non-essential plug 
loads for utility control during system 
critical events (e.g. clothes washers, 
clothes dryers, dishwashers, computers, 
peripherals, set-top boxes, electronics 
chargers) remotely controlled with plug 
switches (similar to current X-10 
protocols) – can be locally overridden 

All customers – requires 
critical peak rate structure  

    

Swimming Pool 
and Spa Pumps 

Switch-based 
remote control 

Control switch installed on system circuit 
for remote shut-off or cycling control 
(utility or customer controlled) 

Individual and buildings with 
indoor swimming pools and 
spas (that operate year-
round) 

    

Central Air 
Conditioning 

Thermostat-based 
utility load 
control 

Remote-communicating thermostat 
preferably controlling both central heating 
and cooling equipment (e.g. heat pumps) 
that enables either temperature setback 
control or cycling control (typically utility 
controlled for peak reduction) 

SFD, Row houses with heat 
pumps 
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Measure Assessment 
 
Information on the performance improvements provided by each measure was compiled from 
available secondary sources, including documented experience and on-going research work by 
other utilities and study team members. In some cases, comfort may be affected and the tradeoff 
between benefits (e.g. cost savings) and costs (including reduction in comfort) were judged 
based on past experience with similar technologies and customer acceptance. 
 
Information on the cost of implementing each measure was also compiled from secondary 
sources, including the experience and on-going research work of study team members.  
 
Unlike energy efficiency measures, in which major equipment, such as space or water heating 
systems are typically replaced, or thermal envelope measures such as insulation upgrades that 
affect systems directly, capacity-only measures are typically implemented via add-on control 
equipment, although some built-in control equipment exists. The incremental cost is thus defined 
as the control equipment itself or incremental cost for a controllable appliance or device relative 
to the “baseline” appliance cost (e.g. remote-accessible thermostat vs. standard thermostat), plus 
any required infrastructure (e.g. automatic metering infrastructure (AMI)132, or communications 
gateways). In cases where a more efficient appliance with peak control functions replaces a 
standard appliance, both energy and electric peak reduction are achieved, with some incremental 
costs attributable to each – those for energy savings measures only and those specific to short-
term peak demand reduction. In cases where a new or replacement end use is installed that 
operates off-peak, thus achieving electric peak reduction without significant energy impacts, 
incremental costs for the electric peak reduction device will be compared with standard 
equipment without assuming any early replacement and, thus, salvage value. 
 
In all cases, the costs and savings are annualized, based on the number of years of equipment life 
and the discount rate, and the costs incorporate applicable changes in annual O&M costs. All 
costs are expressed in constant 2007 dollars. 
  
One of the important sets of information provided in this section is the Cost Of Electric Peak 
Reduction (CEPR)133 associated with each electric peak load reduction measure. The CEPR for a 
peak load reduction measure is defined as the annualized incremental cost of the measure divided 
by the annual peak reduction achieved, excluding any administrative or program costs required 
to achieve full use of the technology or measure. All cost information presented in this section 
and in the accompanying tables (see Appendix J) are constant (2007) dollars. 

 

                                                 
 
132

 Automatic metering infrastructure (AMI) is typically defined as utility owned and operated data communications equipment 
that transmits meter information to the utility from the customer. AMI also has the capability, through add-on modules, to 
communicate between the meter and other device within the house, such as control relays and sensors. AMI is sufficient, but not 
necessary, to facilitate utility load control, since load control can be accomplished via non-meter/non-AMI gateways or direct 
communicating systems (e.g. pager networks) between utility control rooms and controlled devices. 
133

 See Section 9.2 for derivation of CEPR reference price. 
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The CEPR provides a basis for the subsequent selection of measures to be included in the 
Economic Potential forecast (see Section 9). The CEPR is calculated according to the following 
formula: 
 
 
 
 
 Where:   
  CA is the annualized installed cost 
  M is the incremental annual cost of operation and maintenance (O&M) 
  S p is the annual kW load reduction associated with Peak Definition p 
    

  And A is the annualization factor 
 
 

 Where:  
  

 
i is the discount rate 
n is the life of the measure 

 
Note that the annual O&M cost will include, in some cases, amortized costs associated with 
infrastructure considered a prerequisite for implementation of the measure. This could include 
AMI, such as advanced metering, communications gateways and other related system 
investments. These costs would typically support multiple applications (e.g. communications 
gateways could enable control of heating, air conditioning, water heating, pool pumps, spas and 
small appliances), as well as facilitate time-differentiated rates that would be required for a 
feasible and cost-effective program implementation (e.g. thermal energy storage). The measure 
lifetime is for the control device, function or feature, rather than that of the unit it is controlling. 
Where applicable, the lifetimes used are taken from BC Hydro sources.134 
 
The cost (CEPR) would then be compared to benefits, which include the value of reduced peak 
for the utility (avoided capacity and T&D investment or purchase costs), the customer (e.g., bill 
savings) and society (e.g., value of environmental benefits) to determine its cost-effectiveness for 
various perspectives (societal, utility, participant and non-participant).  
 
As with CCE for energy savings, the CEPR calculation is sensitive to the chosen discount rate 
which, as for CCE, used a 6% (net-of-inflation) discount rate, with 4% and 8% discount rates 
also calculated to provide sensitivity analysis.  
 

                                                 
 
134

 BC Hydro Power Smart, QA Standard Technology: Effective Measure Life, September 11, 2006. 
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8.4 DESCRIPTION OF ELECTRIC PEAK REDUCTION MEASURES  
 
The following subsections provide a description of each of the measures listed in Exhibit 8.2 The 
discussion is organized by major end use and is presented in the following subsections: 
 
� Space heating 
� Domestic hot water  
� Lighting 
� Whole house and miscellaneous 
� Pool pumps and spas 
� Thermal energy storage 
� Air conditioning. 
 
The discussion of each measure is organized as follows: 
 
� Description 
� Assumptions on applicability (dwelling type, unit types, vintage) 
� Typical costs – one time incremental, operating costs 
� Typical electric peak reductions 
� Other benefits 
� Useful life 
� Barriers and constraints for Economic and Achievable implementation 
� Program issues. 
 
8.4.1 Space Heating 
 

There are two core DSM measures listed under this end use, each with similar 
assumptions but applicable to different scenarios. They are: 
 
� Thermostat-based utility space heat load control 
� Switch-based heating unit load control. 

 
Each measure is discussed below. 
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� Thermostat-based Utility Space Heat Load Control 
 
Description 
 

Thermostat-based Utility Space Heat Load Control  
Assumptions used for Analysis 

Applicable Dwelling Type(s) � Single family detached and attached, Row houses with individual 
dwelling unit control 

Applicable Equipment Type � Central furnace units with zonal thermostats 
Vintage � Existing and new 
Costs (current) � $450 (two-way); $285 (one-way) cost in existing homes; $100 less 

cost in new homes 
� Approximately $25/site/year (two-way); $17/site/year (one-way) for 

support, maintenance and evaluation 
Electric Peak Reduction � 25% to 30% of space heating end use morning and/or evening peaks 

� Approximately 20% of space heating energy reduction during 
curtailment is recovered 

Useful Life � 11 years (comparable to commercial electronic thermostats) 

 
 
Thermostat-based load control is accomplished by installing a remote-communicating 
thermostat that allows control of heating (and also cooling, in some cases) and facilitates 
utility remote control of the thermostat under specific capacity-constrained conditions 
during a limited number of pre-specified hours during winter peak months. The control 
options typically include thermostat setback (specific number of degrees) or cycling, 
whereby the units are limited to a fixed percentage on per hour. These systems typically 
allow local override by participants and are either one-way or two-way communicating 
systems. Two-way communicating systems also enable access by participants to their 
thermostats via Internet, utility confirmation of communication during curtailments and 
collection of data on runtime135 and temperature from the individual units. Two-way 
communicating technology is commercially available and implemented in over 100,000 
sites in the U.S. (primarily for central air conditioning). The technology has performed 
successfully under extreme weather conditions without adversely affecting customer 
acceptance and utility satisfaction.  
 
Applicability 
 
Applicable dwelling types are any dwelling units with thermostat control of electric space 
heat. Depending on the thermostat control technology used, some types of units may not 
be compatible with a specific load control thermostat technology, but these are a small 
percentage136. Another issue in applicability is the availability of data communications, 
which are typically accomplished through radio, pager or cellular telephone technology, 
with Wi-Fi and WAN technology also becoming more viable over time. 

                                                 
 
135

 Runtime data typically represents number of minutes that the unit operates each hour for a period of time (e.g. one week). 
Data can be stored in the unit. 
136

 For example, for the current version of the Carrier Comfort-Choice thermostat, damper systems are incompatible because of 
the way in which the system operates. 
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Costs 

 
The costs are considered incremental to a standard thermostat since the communication 
capability is not typical in programmable thermostats. The typical thermostat costs 
currently range from $20 to $25 for a simple manual unit (typically a round dial) and 
more advanced programmable units ($40 to $100), which are very much like the units 
applicable to this measure except for the communications capabilities. A certain 
percentage of customers already use programmable thermostats. Programmable 
communicating thermostats cost about $170 (one-way) to $250 (two-way) per unit, plus 
$115 (one-way) to $200 (two-way) for installation, plus maintenance.137 
 
In new homes, programmable thermostats are more common, and could be replaced by 
remote communicating thermostats for a lower incremental cost, since installation of the 
thermostat itself would be nearly the same, plus installation of additional communications 
equipment. Specifically, in addition to the thermostat, current installation costs for two-
way communicating systems would typically include an external communications board 
to transmit the signal and enable communications via a pager network, broadband or 
cellular networks. Public networks are preferable since a monthly fee to the carrier would 
be sufficient to maintain reliability without having to design and build a private network. 

 
Electric Peak Reduction 

 
Experience in heating load control is somewhat more limited than for air conditioner 
control. However, a reduction of approximately 25% of the heating capacity would 
typically be established for short-term (e.g. 4 to 5 hour) cycling or temperature control, 
which would correspond to the BC Hydro peak hours, namely 4 to 9 pm (evening) and 7 
am to 1 pm (morning). Temperature control impacts are typically more front-loaded, 
since a change in temperature setting will cause the unit to shut off until the new setpoint 
is reached, followed by restoration of the typical cycling pattern at a lower level. Impacts 
during the first hour will be greater, then diminish to a constant value over the next few 
hours. Cycling control is more constant since the unit is simply limited to a pre-
determined on-cycle percentage per hour (e.g. 50% of the hour duty cycle) which is 
designed to be below the duty cycle that the unit would have operated under without 
control. Temperature control is more consistent across all customers, assuming they do 
not “pre-heat” before the control period, since it applies the same temperature difference 
to the participants’ desired comfort level.  
 
Due to differences in unit sizing, insulation and comfort preference, the baseline duty 
cycle of participant units may vary considerably and some units that operate under the 
pre-determined maximum cycling level would not be controlled at all, while other units 
(such as undersized units) may operate at or close to 100% and be affected relatively 
more than oversized units. Use of cycling control would likely have higher overrides and 
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 Based on US$150 (one-way) to US$225 (two-way) per unit, plus US$100 (one-way) to US$175 (two-way) for installation, 
plus 10% maintenance of equipment, adjusted for $US-$Cdn exchange rate. 
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customer comfort problems as a result, so temperature control for this application is 
generally preferred. 

 
Under the estimated peak loading of 4.8 kW (morning) and 6.0 kW (evening) for Lower 
Mainland electric space heating for single-family dwellings138 with 100% electric fuel 
use, a 25% electric peak load reduction would translate to approximately 1.2 to 1.5 kW 
per customer for this subsector. These impacts are based on actual experience in 
programs, net of overrides and communications failures, which have been documented in 
cases with two-way communications, where reliable statistics could be determined. One-
way thermostats require a number of support analyses that are avoided with a two-way 
system. This includes the need for signal propagation studies and periodic sampling and 
re-estimation of reliability levels, accompanied by sufficient maintenance, to maintain an 
adequate level and accurate estimate of losses. Experience in the utility industry has 
shown that performance could erode significantly over time139 if the system is not 
properly maintained. 

 
Other Benefits 

 
Thermostat control systems typically have other capabilities that make them more 
flexible and more attractive to customers, which would improve marketability and 
participation levels. Current systems include capabilities for customer participants to 
remotely access their own thermostats over the Internet, including monitoring 
temperature and making set point changes. Customers could also use the programming 
capability to save energy, although this saving is not factored into benefits for this 
chapter. However, this benefit would help market a program built around this technology. 

 
Useful Life 

 
The current technology has not been in place for more than about seven years, so a true 
test of its useful life has not been made. However, based on low failure rates and 
technology of this type used in other applications, manufacturers assume at least a 10-
year life for the control equipment. 

 
Cost-Effectiveness Summary 

 
For two-way thermostats, based on a one-time cost of approximately $285 (one-way) to 
$450 (two-way), ongoing maintenance of 5% (about $12) for one-way systems to $25 
(two-way systems) per year and estimated annual impacts of 1.2 kW to 1.5 kW, a 
preliminary estimate of Cost of Electric Peak Reduction (CEPR) is $43 to $54140 per 
kW/yr, when applied to Lower Mainland single-family dwellings with 100% electric fuel 
use, which would likely be the predominant target subsector. For one-way switches, the 

                                                 
 
138

 Table 2.3 for Single Family /Duplex, Pre-1976 Electric Heating. 
139

 Switch communications failures ranged from 10% to nearly 40% in utilities reported data. C. King, Energy Pulse, December 
2005. 
140

 Assumes 10-year life, 6% discount rate; See Appendix J for life cycle cost/benefit tables. 
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equivalent CEPR, assuming 20% less load reduction due to lesser signal confirmation 
(0.90 to 1.15 kW), would be $34 to $43 per kW/yr, each without program costs. While 
existing thermostats cost $20 to $25, it is assumed that the old thermostats would be 
replaced before they wear out and would have no salvage value, so the baseline is 
essentially zero cost. 

 
Barriers and Constraints 

 
Experience in similar programs for air conditioner load control have achieved up to a 10 
to 15% saturation of applicable units for two-way thermostats. The principal reasons for 
customers not participating vary, but only small percentages are technology-related. 
Many customers feel that this type of program would be intrusive and threaten their 
comfort, unless they are assured that the conditions upon which they are controlled are 
clear; they typically prefer the option to override if they are home and experience any 
discomfort. One-way systems would not provide the same access via Internet, so would 
be less attractive to some customers. Contractors are often the cause for lack of 
participation or dropouts, since they may incorrectly blame the thermostats for system 
performance problems, dissuading participation or resulting in removals. 

 
Program Issues 

 
The experience in this technology has primarily been in its use in central air conditioning 
load control in the U.S., although some programs have included thermostats for heating 
and some pilots have controlled heating, as well. Because heating is much less 
discretionary in use, the acceptance of this type of measure would need to be tested 
further in larger-scale applications than are available in the industry literature thus far. 
However, many of the programmatic issues are the same for comfort control measures 
such as this one, involving establishment of a support network to address any perceived 
failures. Additional program costs would include maintenance of a call center to handle 
participating customers, who may suspect the thermostat first when any heating system 
malfunction might occur. Off-hours support and referrals to on-call installers would be 
needed. 
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� Switch-based Heating Unit Load Control 
 

 
Description 
 
Switch-based heating unit load control is accomplished by installing a remote control 
switch on either the heating unit itself or the circuits controlling the heating unit. In older 
systems, this type of control has been accomplished via radio frequency (RF) control, 
which allows remote shut-off of heating (and also cooling, in some cases) under specific 
capacity-constrained conditions during a limited number of pre-specified hours during 
winter peak months. In the systems that are currently offered, pager or broadband based 
communications (similar to what is provided for a one-way thermostat control) is used. 
Typically, units are not shut off for the entire control period but rather “cycled” to limit 
their on-time to a predetermined number of minutes per control cycle. Typical technology 
is now commercially available and implemented in millions of sites in the U.S. (primarily 
for central air conditioning and water heating), thus demonstrating the viability of the 
technology, success of the programs, customer acceptance and utility satisfaction. 
 
Applicability 

 
Applicable dwelling types are any dwelling units with or without thermostat control of 
electric space heat that would not be applicable or feasible or cost-effective for 
thermostat control. Units with zonal thermostats could use thermostat-based control 
systems, as well, which would be a higher-cost alternative not available to systems 
without zonal thermostats. This measure primarily addresses units where temperature 
control is on each room unit, without a central thermostat capability. Typically this would 
include baseboard units with individual controls or where one or more units are 
controlled from an electrical circuit. 

 
Costs 

 
Costs are similar to a one-way thermostat control. Switches cost about $115 per circuit 
controlled, plus $170 for installation, plus 10% annual equipment maintenance ($12). The 

Switch-based Heating Unit Load Control 
Assumptions used for Analysis 

Applicable Dwelling Type(s) � Single family detached and attached, Row houses, Multifamily 
– all with individual dwelling unit control/circuits 

Applicable Equipment Type � Central furnace units not applicable to thermostat control; 
baseboard systems with individual heating control accessible 
through individual electrical circuits 

Vintage � Existing and new 
Costs � $285 incremental cost in existing and new homes 

� Approximately $12/site/year maintenance 
Electric Peak Reduction � 15% to 20% of space heating end use morning and/or evening 

peaks 
� Approximately 20% of space heating energy reduction during 

curtailment is recovered 
Useful Life � 10 to 15 years 
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installation cost is higher for the switch because it involves a high voltage connection and 
thus a higher skilled installer; in many locales a licensed electrician is required. There is 
no saving in installation costs for a new home. If control of all major heating circuits 
requires more than one circuit switch, additional circuit switches may be required, with 
corresponding higher costs. 

 
Electric Peak Reduction 

 
Electric peak load reduction would be comparable to the thermostat control systems. 
However, without two-way access or thermostats, it would more difficult to predict the 
effect on comfort and there would be a higher risk of over-control and adverse comfort 
impacts. As previously indicated, cycling control is less consistent, with impacts and 
comfort depending heavily on the degree of over-or-under-sizing of the units. Override 
control would be critical to ensure that customers with undersized systems, poor 
insulation or low tolerance for cold would not be too adversely affected. Systems using 
RF communications would be less reliable than a system using a paging or broadband 
network. However, since new systems use the same communications as a one-way 
thermostat, estimates for the switch are comparable to the one-way thermostat. On a 
household basis, that would be 0.74 to 0.92 kW per customer, assuming a comparable 
level of overrides and system failures to current thermostat programs, which may erode 
over time due to factors such as signal strength losses and customer overrides; in 
addition, a higher percentage of switches would be disabled without utility knowledge 
(by customers and contractors). The same analysis described for the one-way thermostat 
control would also be applicable for the switch, since it also relies upon a one-way 
communications. 

 
Other Benefits 

 
Unlike thermostat-based systems, a control switch would not provide customers with any 
ancillary benefits (e.g. programmable thermostats for comfort and energy savings and 
remote Internet access to the thermostat) and thus the only incentive for participation 
would be monetary in nature, adding to recurring program costs.  

 

Useful Life 
 

This technology has a long history, going back at least 30 years on various types of 
equipment, including central air conditioners, water heaters and pool pumps. The 
switches are primarily mechanical and have a longer expected life than electronic 
equipment used in most thermostat control systems, although subject to higher failure 
rates, along with higher rates of removals. For the costing analysis, a 15-year life has 
been assumed, although there are programs with switches in place for longer than that. 

 
Cost-Effectiveness Summary 

 
Based on a one-time cost of approximately $285 ($170 device plus $115 installation), 
ongoing maintenance of 6% (about $10/year) and estimated annual impacts of 0.74 kW to 
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0.92 kW, a preliminary estimate of CEPR is $28 to $35141 per kW/yr, when applied to 
Lower Mainland Single-family dwellings with 100% electric fuel use, which would be 
expected to be the predominant target subsector.  

 
Barriers and Constraints 

 
Contractors are often the cause for lack of participation or dropouts, since they may 
incorrectly blame the switches for system performance problems, dissuading participation 
or resulting in removals. New tenants or their contractors may not know what the 
switches are and have them removed. Without two-way communications, there is no way 
to verify whether the switch is even in place and an accurate count of actual switches in 
place cannot be reliably made without a systematic site verification plan. 

 
Program Issues 

 
The experience in this technology has primarily been in its use in central air conditioning 
and water heater load control. Due to their being no customer benefits inherent in the 
technology, a cash incentive would typically be expected for each season that the 
measure was needed, payable either by season or by event (or both). Additional work 
would be required to maintain, verify and evaluate the system performance to the same 
degree of accuracy as two-way thermostat systems due to the lack of confirmation and 
higher incidence of removals and failures. 
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 Assumes 15-year life, 6% discount rate. 
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� Electric Thermal Storage Units 
 

 
Description 
 
Electric Thermal Storage (ETS) has been widely used in Europe and selectively used in 
North America for over 40 years. The basic premise of the systems is to convert 
electricity into heat and store it in specially designed high-density ceramic bricks, capable 
of holding heat up to 1,650 degrees C. Combined with a utility off-peak rate, operation in 
charging mode during low-cost off-peak hours can provide heat all day, if properly sized, 
by thermostat-controlled release of heat from the bricks through either forced air or 
hydronic systems. Units come in various sizes, from whole-house units to individual 
room units. Control systems to ensure proper heat distribution are typically included and 
systems can be retrofitted or installed in new construction applications. The principal 
manufacturer in North America is Steffes Corp.,142 and marketing is principally 
accomplished through electricity co-ops, as well as many northern U.S. and Canadian 
utilities, including Nova Scotia Power and Hydro-Quebec, where a sufficient differential 
between peak and off-peak prices during winter months makes it economical for 
residents. Many winter-peaking generation/T&D co-ops market the units in order to 
minimize their capacity requirements during peak winter. 
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 See www.steffes.com. 

Electric Thermal Storage (ETS) Units 
Assumptions used for Analysis 

Applicable Dwelling 
Type(s) 

� Dwelling units with electricity as main heating fuel and without 
multiple heating types within the dwelling – requires off-peak 
rate structure 

Applicable Equipment Type � Central furnace units using forced air or hydronic systems for 
central furnace ETS units; or 

� Baseboard systems compatible with replacement by stand-alone 
room unit ETS systems; 

Vintage � Existing and new 
Costs � Assuming 16-hour operation (8 hour daily charge time): 

� $5,000 - $5,600 for central ETS units vs. $1,500 for standard 
heating system (50,000 BTU); 

� $1,200 - $1,600 for room ETS units, vs. $400 for standard room 
baseboard system 

� Assume $500 incremental installation costs; approximately 
$100/site/year incremental maintenance 

Electric Peak Reduction � Assume 90% of current full electric loads (assuming 10% 
override), operating 100% off-peak otherwise, with only residual 
fan (same as baseline) during 16 daytime hours. For Lower 
Mainland SFD, 13,105 kWh/yr converts to 5.06 kW for Peak 
Period 3 (4.81 kW impact); For row houses (5,762 kWh/yr), 
converts to 2.52 kW for Peak Period 3, or 2.39 kW impact 

� Approximately 5% increase in space heating energy for losses 
Useful Life � 18 years (comparable to heat pump) for central furnace 

� 15 years (comparable to room A/C for room unit) 
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Applicability 
 

With the various size units available, ETS can be installed in any size dwelling, whether 
as a whole-house system or in selected (or all) rooms. It can therefore replace central 
furnace hot air or boiler/hydronic systems, or even baseboard systems. Often, a separate 
meter is used to measure just the central heating systems to best take advantage of the 
off-peak rate. Systems must be sized based on the time-of-use rate, with charging periods 
designed to virtually eliminate any operation during peak periods. For BC Hydro, it is 
likely that a 16-hour peak rate period (7 am to 11 pm) and 8-hour off-peak rate (11 pm to 
7 am) would be used by the utility. 

 
Costs 

 
Initial costs for ETS systems are significantly higher than standard heating systems. For 
the economics to work for the customer, the rate differential must be significant, at least 
two or three to one for peak to off-peak. Initial costs are roughly proportional to the unit 
sizing, with an ETS system requiring two to three times the size of a standard system, and 
somewhat higher installation and maintenance costs. In addition, additional control 
equipment and sometimes wiring upgrades are necessary, as well as placement in the 
home (which requires sufficient support for additional weight), making the specification 
of a system critical in terms of applicability. In general, larger homes work best.143  

 
Electric Peak Reduction 

 
Electric peak load reduction would theoretically be 100% of the peak heating 
requirements of a standard electric space heater. Off-peak loads would be twice the levels 
or more so it would be critical to size the systems properly for the expected charging 
period. For example, for a single-family pre-1976 dwelling with 13,105 annual kWh, 
average 7 am to 11 pm loads would be about 5 kW. For the costing analysis, it is assumed 
that 5% of the usage would still be on-peak, to account for minimal overrides or where 
units do not provide all heating requirements through off-peak charging (even though 
theoretically designed to do so). 

 
Other Benefits 

 
None. 

 

Useful Life 
 

This technology has a long history in Europe and the bricks are virtually indestructible, 
so the useful life is considered the same as comparable central or room heating systems, 
15 to 18 years. Electronic control systems are required, which involve some maintenance.  
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 For the purpose of this study, preliminary costs have been developed based on literature search and an interview with a 
representative of Steffes Corp. 
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Cost-Effectiveness Summary 

 
For central systems, analysis is based on a one-time incremental cost of approximately 
$3,800 for the unit plus $500 installation, plus $200 for metering/control equipment and 
$100 annual maintenance. Estimated annual impacts of 2.39 kW (row houses) to 4.81 kW 
(Lower Mainland SFDs) were used, based on 95% of Peak Period 3 loads. Under those 
assumptions, a preliminary estimate of CEPR is $65 to $131144 per kW/yr. 
 
For room systems, analysis is based on a one-time incremental cost of approximately 
$1,000 per unit, four units per dwelling, plus $500 total installation, plus $200 for 
metering/control equipment and $100 annual maintenance. Estimated total house (4-unit) 
annual impacts of 2.39 kW (row houses) to 4.81 kW (Lower Mainland SFDs) were again 
used, based on 95% of Peak Period 3 loads. Under those assumptions, a preliminary 
estimate of CEPR is $79 to $160145 per kW/yr. 

 
Barriers and Constraints 

 

The prerequisite for an off-peak rate with significant differential is a major consideration, 
which would require additional metering and infrastructure (priced at $200 per site). 
Numerous logistical and wiring issues would also need to be addressed, which would 
require significantly more effort in pre-inspection, and would only be feasible if the 
program were large enough to warrant maintaining the staff expertise required. Space 
requirements and sufficient weight-bearing floors for installation of the units, which are 
much heavier than standard heating equipment, would be potential constraining factors to 
feasible installations. 

 
Program Issues 

 
While many co-ops and several major Canadian utilities have programs for this 
application, which could be consulted to assist in designing the program and identifying 
barriers experienced in real implementation (not just pilot programs), the programming 
infrastructure required would involve a significant commitment. In addition, the off-peak 
rate would need to be in place and tested, and would require some level of regulatory 
approval. 
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8.4.2 Water Heating 
 

 
 
Description 

 
Switch-based water heating load control is accomplished by installing a remote control 
switch on either the water heater itself or on the circuits controlling the water heater. In 
older systems, this type of control has been accomplished via radio frequency (RF) 
control, which allows remote shut-off of the water heater under specific capacity-
constrained conditions during a limited number of pre-specified hours during winter peak 
months. In the systems that are currently offered, pager-based communication is used. An 
even more economical solution is to piggy-back off of an already existing 
communications system. For example, if space heat control already exists, water heat 
control can be added via a hard-wired or wireless connection, reducing the total cost of 
the water heat control by up to 40%.  
 
Depending upon the length of the control and the size of the water heater tank, units can 
be shut off for the entire control period or “cycled” to limit their on-time to a 
predetermined number of minutes per control cycle. Water heat control is commercially 
available and implemented in hundreds of thousands of sites in the U.S., thus 
demonstrating the viability of the technology, success of the programs, customer 
acceptance and utility satisfaction. 

 
Applicability 

 
Applicable dwelling types are any dwelling units with a water heater that has a least a 40-
gallon tank. The size of the tank is important because it provide hot water during times 
when the control is in effect. The larger the water heater tank, the longer the control can 
be in place with disrupting the customers comfort and living conditions. 

 

Switch-based Water Heating Unit Load Control 
Assumptions used for Analysis 

Applicable Dwelling Type(s) � Single family detached and attached, Row houses, Multifamily 
– all with individual dwelling unit control/circuits 

Applicable Equipment Type � Water heater with at least a 40-gallon tank.  
Vintage � Existing and new 
Costs � $250 incremental cost in existing and new homes 

� $125 incremental cost as a add-on to an existing control system 
� Approximately $12/site/year maintenance/evaluation 

Electric Peak Reduction � 70% to 80% reduction in water heating end use morning and/or 
evening peaks 

� About 80% of non-standby water heating energy reduction 
during curtailment is recovered 

Useful Life � 10 years 
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Costs 
 

Switches cost about $100 per unit, plus $150 for installation, plus maintenance. Costs are 
reduced to $150 (i.e., $50 incremental installation) if the control switch can be added to 
an existing control system at the same time, including one-way/two-way thermostats and 
switches for space heating. There is no savings in installation costs for a new home. 

 
Electric Peak Reduction 

 
Assuming annual energy consumption per participant (with 100% electric fuel use) of 
3,321 kWh,146 baseline electric peak period loads are estimated as 0.55 kW for Peak 
Period 1 (system peak hour), 0.66 kW for Peak Period 2 (4 to 9 pm) and 1.20 kW for 
Peak Period 3. Electric peak load reduction on a household basis would be about 0.94 
during the morning peak hours (Peak Period 2: 7 am to 1 pm), 0.51 kW during evening 
peak hours (4 to 9 pm), and 0.63 to 0.70 kW per customer for the average of all Peak 
Period 3 hours. Assuming load control for both morning and evening, Exhibit 8.3 below 
illustrates the baseline vs. control load profiles on the system peak day. This assumes a 
combination of 15% to 30% reduction for overrides or switch failures. These estimates 
may erode over time due to a number of factors, including signal strength losses and 
disabling of switches (by customers and contractors). Since the water heater switch uses a 
one-way communications based system, it will require support analyses including the 
need for signal propagation studies and periodic sampling and re-estimation of reliability 
levels, accompanied by sufficient maintenance, to maintain an adequate level and 
accurate estimate of losses. Experience in the utility industry has shown that performance 
could erode significantly over time147 if the system is not properly maintained. 

 
Exhibit 8.3: Residential Water Heater Baseline vs. Controlled Load 
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 Table 2.4 for Lower Mainland Single-family / Duplex (all vintages and space heat fuel). 
147

 Switch communications failures ranged from 10% to nearly 40% in utilities reported data. C. King, Energy Pulse, December 
2005. 
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Other Benefits 

 
The water heater control switch would not provide customers with any ancillary benefits 
and thus the only incentive for participation would be monetary in nature, likely on a per 
annum or per control event basis.  

 
Useful Life 

 
This technology has a long history, going back at least 30 years on various types of 
equipment, including central air conditioners, water heaters and pool pumps. For the 
costing analysis, a 10-year life has been assumed, although there are programs with 
switches in place for longer than that.  

 
Cost-Effectiveness Summary 

 
Based on a one-time cost of approximately $250, ongoing maintenance of 5% (about 
$12/year) and estimated annual impacts of 0.63 kW to 0.70 kW, a preliminary estimate of 
CEPR is $49 to $55148 per kW/yr, when applied to Lower Mainland SFDs, which would 
be expected to be the predominant target subsector. As an incremental option to space 
heating load control, the installation costs would be reduced by $100 and the resulting 
CEPR would be $35 to $39 per kW/yr. 

 
Barriers and Constraints 

 
Contractors are often the cause for lack of participation or dropouts, since they may 
incorrectly blame the switches for system performance problems, dissuading participation 
or resulting in removals. New tenants or their contractors may not know what the 
switches are and have them removed. With one-way communications, there is no way to 
verify whether the switch is even in place and an accurate count of actual switches in 
place cannot be reliably made without a systematic site verification plan. 

 
Program Issues 

 
Because there are no customer benefits inherent in the technology, a cash incentive would 
typically be expected for each season that the measure was needed, payable either by 
season or by event (or both). Additional work would be required to maintain, verify and 
evaluate the system performance to the same degree of accuracy as two-way thermostat 
systems due to the lack of confirmation and higher incidence of removals and failures. 
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8.4.3 Lighting 
 
 
 
 
 
 
 
 
 
 
 
 
 
Description 
 
In every home, there are a number of non-essential lighting and plug loads (including 
“phantom” loads149) that could be controlled for limited periods, such as during system 
peak critical hours, including holiday lights (depending on when the system peak occurs). 
Switch-based lighting load control is accomplished by the installation of a remote control 
switch on non-essential lighting circuits, wall switches and plug-in lamps or decorative 
lighting. Existing home automation systems currently utilize plug-in modules with 
communication via powerline carrier or short-run radio signals. These systems can also 
interface with PCs and telephones so that remote control can be accomplished as well. In 
terms of technical capability, the improvements to these existing systems that will 
facilitate their use in utility electric peak load control would require some reduced cost 
and more standardized and reliable remote interfaces.  
 
Current home automation systems do not typically have the capability for remote 
programming for on-demand control use, so this capability would need to be developed. 
Most likely, this would be achieved as part of an add-on wireless communications control 
switch linked to the outside through a remote load control system already in place to 
maximize or even enable cost-effectiveness. What is required is a “gateway” via 
broadband (e.g. broadband over powerlines) or through the meter (these types of systems 
are all now being tested in the field) that would accept outside signals (such as from the 
utility) and convert them to short-run wireless (or wired) signals that would trigger 
switches placed on selected lights and appliances.  
 
This section describes the lighting applications only, in order to determine the effect on 
lighting load profiles. The next section addresses aspects of non-lighting loads, although 
lighting and non-lighting plug loads are not expected to require separate systems, but 
rather a single gateway that controls switches for any plug load or (for lighting) wall 
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 Phantom loads are typically defined as standby loads on appliances, set-top boxes, televisions, electronics-charging units and 
other devices intended to facilitate instant-on capability or charging units/transformers that use energy even when not being 
actively used for their intended purpose. 

Switch-based Lighting Load Control 
Assumptions used for Analysis  

Applicable Dwelling Type(s) � All Dwelling Types 
Applicable Equipment Type � Non-essential lighting  
Vintage � Existing and new 
Costs � $50 incremental cost in existing and new homes 

� Approximately $5/site/year 
maintenance/evaluation 

Electric Peak Reduction � 100% of non-essential lighting, assumed as 10% 
of baseline lighting usage, or 0.234 kW. 

� No recovery energy is assumed 
Useful Life � 8 years 
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switch. This technology would be applicable for single-family homes and row houses, as 
well as for apartments, which could make effective use of total building communications 
through building wiring or a building Wi-Fi system, as is common for electrical 
submetering applications today. 

 
Applicability 

 
This measure is applicable to all residential dwelling types, but would likely be most 
applicable to single family homes with outdoor lighting.  

 
Costs 

 
Gateway systems are estimated at $100 to $300 per site installed, although they would be 
expected to serve multiple purposes. For example, a programmable communicating 
thermostat or electric meter already in the house for other applications could include a 
relay board that would relay signals from a remote host over broadband or other remote 
communications to individual household devices for only this purpose. Switches are 
assumed to cost about $5 per unit, which could control multiple lights and plug loads. 
There is no savings assumed for installation costs for a new home. 

 
Electric Peak Reduction 

 
Based on annual lighting loads per household for Lower Mainland SFDs of 1,847 kWh, 
the average lighting loads per household during the 4 to 9 pm Peak Period 2 would be 
approximately 2.34 kW. Assuming 10% of the lighting could be reduced with two 
switches, this would result in a 0.234 kW per household electric peak load reduction. 

 
Other Benefits 

 
The gateway systems and switches would provide customers with many ancillary 
benefits, such as remote shut-off of lights and appliances for security, convenience and 
energy saving, although no energy savings has been assumed for this analysis.  

 
Useful Life 

 
This technology has a fairly long history, going back at least 20 years for various 
protocols of home automation devices, including X-10 protocol units, which have been 
available through electronics stores (including Radio Shack) under various brand names. 
For the costing analysis, an eight-year life has been assumed, consistent with BC Hydro 
DSM standards, although the units typically last 10 to 15 years. 

 
Cost-Effectiveness Summary 

 
There are two scenarios analyzed. Scenario 1 is based installing a modest ($100) gateway 
system and two switches (at $10 each), installation cost of approximately $50, ongoing 
maintenance/support of 10% (about $10/year) and estimated annual impacts of 0.234 kW, 
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estimated of CEPR is $121150 per kW/yr, when applied to Lower Mainland SFDs, which 
would be expected to be the predominant target subsector. For practical purposes, this 
type of system would not be used in stand-alone cases. Scenario 2 assumes that the 
gateway is an existing device (e.g. meter or communicating thermostat) with no capital 
cost, and only some costs ($20) for installation of switches (plug switches can be easily 
installed by the customer while wall switches require some experience but no electrical 
license), and some annual support ($5). Under this scenario, the life-cycle CEPR is 
$34/kW/yr. 

 
Barriers and Constraints 

 
The technology for this application, while existing, is not quite ready for general use and 
would be greatly enhanced by the introduction of gateways that are only now being pilot 
tested. In addition, without some type of time-based rate, there would be little incentive 
for customers to purchase these devices, even as timers, without cash incentives. 

 
Program Issues 

 
In the short term, the utility could work with home electronics stores to encourage use of 
home automation and couple that with appeals to program the devices to shut non-
essential lighting during the defined peak periods of 7 am to 1 pm and 4 pm to 9 pm. This 
would be facilitated by adoption of time-of-use rates consistent with the peak periods, 
with critical peak pricing periods on a handful of system peak days providing the 
additional incentive for customers to utilize their systems during system peak critical 
periods. The switches can be overridden easily so programming them as a default to shut 
certain lights for the peak winter months with the option to turn them back on if needed 
would be feasible. 

 
8.4.4 Multiple (Whole House and Miscellaneous) 
 

See discussion on lighting (Section 8.7) for description, applicability and costs, which are 
the same. 

 
Electric Peak Reduction 

 
Based on annual plug loads and miscellaneous electronics loads per household for Lower 
Mainland Single SFDs, there are numerous devices to which this measure could be 
applied; principal among these would be instant-on televisions, set-top boxes, electronic 
device chargers (many of which could be “ganged” on one power strip with a single 
switch). For the purposes of this analysis, it is assumed that 100 watts of devices could be 
controlled. The table below lists the best candidates, based on a study by LBNL151, as 
well as other sources and project team experience: 
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 Assumes 8-year life, 6% discount rate. 
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 Lawrence Berkeley National Labs, Stand-by Power, http:/standby.lbl.gov. 
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Appliance Range of Power 
Consumption (watts) 

Compact Audio Components 1 to 15 W 
Personal Computer 2 to 5 W 
Ink Jet or Laser Printer 4 to 6 W 
Large-screen Television 5 to 22 W 
Phone or Answering Machine 2 to 5 W 
Set-top Box 5 to 25 W 
DVD/VCR 4 to 22 w 
Home Theatre152 12 to 56 w 

 
Cost-Effectiveness Summary 

 
Based on the 100% incremental scenario, with three switches ($15) and $5 for 
incremental installation costs, $2.50/year for maintenance and estimated annual impacts 
of 0.08 kW (80 watts) on-demand, encompassing a mix of the above devices being 
controlled, estimated CEPR is $57153 per kW/yr. For practical purposes, this type of 
system would not be used in stand-alone cases, only as an increment to an existing 
gateway system with lighting switches already in place. Adding stand-alone gateway 
installation ($100 initial cost) would result in estimated CEPR is $213 per kW/yr. 

 
8.4.5 Swimming Pools and Spa Pumps 
 

Description 
 

Switch-based swimming pool and spa pump load control is accomplished by installing a 
remote control switch on either the pump itself or on the circuits controlling the pump. In 
older systems, this type of control has been accomplished via radio frequency (RF) 
control, which allows remote shut-off of the pump under specific capacity-constrained 
conditions during a limited number of pre-specified hours during winter peak months. In 
the systems that are currently offered, pager-based communications is used. An even 
more economic solution is to piggy-back off of an already existing communications 
system. For example, if space or water heat control already exists, pump control can be 
added via a hard-wired or wireless connection. This can reduce the total cost of the pump 
control by up to 50%.  
 
Depending upon the length of the control, pumps can be shut off for the entire control 
period. Cycling is not recommended as it can damage the equipment. Pool and spa pump 
control is commercially available and implemented in hundreds of thousands of sites in 
the U.S., thus demonstrating the viability of the technology, success of the programs, 
customer acceptance and utility satisfaction. 
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 C. Edlington et al. “Standby Trends in Australia and Mandatory Standby Power Proposals,” ACEEE Summer Study on 
Energy Efficiency in Buildings, 2006. 
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 Assumes 8-year life, 6% discount rate. 
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Applicability 
 

Applicable dwelling types are any dwelling unit with a swimming pool or spa pumps at 
least ¾ HP in size. The minimum HP of the pump is necessary to ensure that enough load 
savings can be obtained. Swimming pools or spas that have automatic vacuum systems 
that run off the pump are not applicable for this control since turning off the pump while 
the automatic vacuum is operating can damage the vacuum. 

 
Costs 

 
Switches cost about $115 per unit, plus $160 for installation, plus maintenance. Costs are 
reduced to $140 if the control can be added to an existing control system. There is no 
savings in installation costs for a new home. 

 
Electric Peak Reduction 

 
Based on annual consumption of pools and spas of 6,530 kWh per end use (Exhibit 2.4) 
for Lower Mainland SFDs / Duplex, the predominant target for this measure, the peak 
period average demands are as follows: 

 
� Peak Period 1 (Peak Day 6 pm)     1.00 kW 
� Peak Period 2 (Peak Day 4 to 9 pm)    0.88 kW 
� Peak Period 3 (Peak Day 7 am to 1 pm, 4 to 9 pm)  0.89 kW 

 
However, these estimates represent averages for all homes, regardless of their winter 
activity. For this program, only those known to operate their ¾ HP motors (0.56 kW) 
during the winter would be included. While pools, especially outdoor ones, would be 
used most often during the summer, many pool owners continue to run pumps to clean 
pools and keep water from freezing during cold snaps. Shutting these for four to five 
hours, as envisioned for this measure, would not adversely affect this function.  

 

Switch-based Swimming Pool Pump and Spa Pump Load Control 
Assumptions used for Analysis  

Applicable Dwelling Type(s) � Single family detached and attached, Row 
houses, Multifamily – all with individual 
dwelling unit control/circuits 

Applicable Equipment Type � Swimming pool and spa pump at least ¾ HP 
Vintage � Existing and new 
Costs � $275 incremental cost in existing and new 

homes 
� $140 incremental cost as a add-on to an 

existing control system 
� Approximately $12/site/year 

maintenance/evaluation 
Electric Peak Reduction � Assume 90% of baseline loads, no energy 

recovery 
Useful Life � 8 years (comparable to lighting controls) 
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Assuming 90% signal strength, electric peak load reduction on a household basis would 
thus average 0.5 kW per customer for Peak Period 3. These estimates may erode over 
time due to a number of factors, including signal strength losses and disabling of switches 
(by customers and contractors). Since the pump switch uses a one-way communications 
based system, it will require support analyses including the need for signal propagation 
studies and periodic sampling and re-estimation of reliability levels, accompanied by 
sufficient maintenance, to maintain an adequate level and accurate estimate of losses. 
Experience in the utility industry has shown that performance could erode significantly 
over time if the system is not properly maintained. 

 
Other Benefits 

 
The pump control switch would not provide customers with any ancillary benefits and 
thus the only incentive for participation would be monetary in nature, unless time-of-use 
or critical peak pricing was instituted.  

 
Useful Life 

 
This technology has a long history, going back at least 30 years on various types of 
equipment, including central air conditioners, water heaters and pool pumps. For the 
costing analysis, an 8-year life has been assumed, comparable to lighting controls (from 
BC Hydro DSM standards) although there are programs with switches in place for longer 
than that. 

 
Cost-Effectiveness Summary 

 
Based on a one-time cost of approximately $275, ongoing maintenance of 5% (about 
$12/year) and estimated annual impacts of 0.50 kW, an estimate of CEPR is $95154 per 
kW/yr. For incremental installations, costing only $140, CEPR is approximately $61 per 
kW/yr.  

 
Barriers and Constraints 

 
Contractors are often the cause for lack of participation or dropouts, since they may 
incorrectly blame the switches for system performance problems, dissuading participation 
or resulting in removals. New tenants or their contractors may not know what the 
switches are and have them removed. With one-way communications, there is no way to 
verify whether the switch is even in place and an accurate count of actual switches in 
place cannot be reliably made without a systematic site verification plan. 
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Program Issues 
 

Due to their being no customer benefits inherent in the technology, a cash incentive 
would typically be expected for each season that the measure was needed, payable either 
by season or by event (or both). Additional work would be required to maintain, verify 
and evaluate the system performance to the same degree of accuracy as two-way 
thermostat systems due to the lack of confirmation and higher incidence of removals and 
failures. The program would need to ensure that customers who shut down their units 
during the winter are not included, which may be problematic without having two-way 
communications, or some type of inexpensive logger could be used, which would add to 
the maintenance costs. 

 
8.4.6 Central Air Conditioning 
 

Central air conditioning would only be included for units that combine heating and air 
conditioning through use as heat pumps or with shared communicating programmable 
thermostats. Benefits would only accrue for some transmission and distribution avoided 
costs for summer-peaking feeders, where applicable. 
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8.5 SUMMARY OF UNBUNDLED RESULTS 
 

Exhibit 8.4: Summary of Unbundled Results 
 

Average Peak kW 
Reduction/Application 

CEPR ($/kW/yr) 
Measure 

Primary Dwelling 
Type(s) Peak Period 

2/3 Low Case 
Peak Period 

2/3 High Case 
Lower Upper 

Space Heating      
2-way thermostat-based utility load 
control 

SFD/Row with central 
furnace 1.20 1.50 $40 $50 

1-way thermostat-based utility load 
control 

SFD/Row with central 
furnace 0.90 1.15 $34 $43 

Switch-based utility load control SFD/Row with central 
furnace 

0.74 0.92 $28 $35 

Electric thermal storage (central) SFD with central 
furnace 

2.39 4.81 $65 $131 

Electric thermal storage (room) SFD/Row with 
baseboard units 

2.39 4.81 $79 $160 

Water Heating      
1-way switch-based utility load 
control 

SFD/Row with tank 
system 0.63 0.70 $49 $55 

Lighting      
1-way switch-based utility load 
control - stand-alone 

All types 
0.234 0.234 $121 $121 

1-way switch-based utility load 
control - incremental 

All types 
0.234 0.234 $34 $34 

Plug Loads      
1-way switch-based utility load 
control - stand-alone 

All types 
0.080 0.080 $213 $213 

1-way switch-based utility load 
control - incremental 

All types 
0.080 0.080 $57 $57 

Pools and Spas      
1-way switch-based utility load 
control - stand-alone 

SFD/Row with year-
round pools/spas 

0.500 0.500 $95 $95 

1-way switch-based utility load 
control - incremental 

SFD/Row with year-
round pools/spas 

0.500 0.500 $61 $61 
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8.6 ELECTRIC PEAK REDUCTION SUPPLY CURVES 
  
The construction of supply curves requires assumptions as to the potential number of dwellings 
for each of the measures to be applied. Exhibit 8.5 below details the saturations, resulting count 
(of 2006 dwellings) and total MW technical potential of each measure. 

 
Exhibit 8.5: Total Applicable Dwelling Types and MW Impact by Measure 

 

Dwelling 
Saturation 

Applicable 
Count 
2006 

Low 
MW  

High 
MW  

Avg 
MW  

Avg 
CEPR 

$/kW/yr 
Electric Peak Reduction 

Measures 
 1,463,182     

Space Heating       
2-way thermostat-based 
utility load control 5.3% 78,017 93.6 117.0 105.3 $45 

1-way thermostat-based 
utility load control 5.3% 78,017 70.2 89.7 80.0 $39 

Switch-based utility load 
control 

26.5% 387,250 286.6 356.3 321.4 $32 

Electric thermal storage 
(central) 

4.8% 70,216 167.8 337.7 252.8 $98 

Electric thermal storage 
(room) 26.5% 324,482 775.5 1,560.8 1,168.1 $120 

Water Heating       
1-way switch-based utility 
load control 19.3% 281,663 177.4 197.2 187.3 $52 

Lighting       
1-way switch-based utility 
load control - stand-alone 100.0% 1,463,182 342.4 342.4 342.4 $121 

1-way switch-based utility 
load control - incremental 100.0% 1,463,182 342.4 342.4 342.4 $34 

Plug Loads       
1-way switch-based utility 
load control - stand-alone 100.0% 1,463,182 117.1 117.1 117.1 $213 

1-way switch-based utility 
load control – incremental 

100.0% 1,463,182 117.1 117.1 117.1 $57 

Pools and Spas       
1-way switch-based utility 
load control - stand-alone 

2.5% 36,580 18.3 18.3 18.3 $95 

1-way switch-based utility 
load control – incremental 

2.5% 36,580 18.3 18.3 18.3 $61 
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The supply curves below illustrate the cumulative electric peak load reduction available based on 
two scenarios. Scenario 1 (Exhibit 8.6) assumes that each measure cost would require new 
installation of gateways for communications between utility and devices, i.e., no existing 
communications gateways in place. Scenario 2 (Exhibit 8.7) assumes that there are existing 
gateways, so only incremental costs for additional control devices would be included. 
 

Exhibit 8.6: Cumulative Supply Curve Including Gateway Costs 
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Exhibit 8.7: Cumulative Supply Curve with Existing Gateways (No Incremental Cost) 
 

 
As illustrated, without existing gateways, about 700 MW are technically available for under 
$100/kW/year, after which another 1,800 MW (2,500 MW total) would be available for under 
$120/kW/year. With existing gateways in place, approximately 1,200 MW would be available 
for under $60/kW/year, about 1,400 MW available for under $100/kW/year and 2,600 MW 
available for up to about $120/kW/year. 
 
There is a point beyond which electric peak load reductions, defined in terms of Peak Period 1 (6 
pm on System Peak Day), Peak Period 2 (4 to 9 pm on up to four System Peak-type days), or 
Peak Period 3 (7 am to 1 pm and 4 to 9 pm on up to 4 system peak-type days) become 
uneconomic if they result in creation of a new peak after those time periods as a result of deferral 
of the loads during the peak until other periods, such as immediately following the peak period. 
For example, if, as during January 2005, the BC Hydro System Peak is 650 MW greater than the 
loads in the hour immediately after the peak period of 4 to 9 pm, then the deferral of load from 
the system peak period (4 to 9 pm) which adds more than 650 MW to the hour ending 10 pm 
would not reduce the system peak at all. Correspondingly, if the electric peak load measures 
reduce the 4 to 9 pm average peak from an average of 9,500 MW to 8,500 MW, a reduction of 
1,000 MW, the loads after 9 pm must be kept below 8,500 in order for the measures to achieve 
their full benefit. 
 
In theory this concept is applicable. However, in practice (i.e., applying achievable potential), it 
is highly unlikely that the saturation of electric peak load measures would be sufficient to cause 
such a shift. The application of electric thermal storage (ETS) would be the type of electric peak 
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load measure that would have the greatest potential to create a new (later) peak if the full off-
peak charging operation of the units were implemented immediately after the end of the peak 
period (9 pm). As a result, it has been assumed that the off-peak charging period would begin at 
11 pm, rather than earlier, such as 9 pm. For both space and water heating load control, it would 
be expected that some degree of “recovery” would follow load control periods in order to restore 
the temperature of the air/water to the pre-determined comfort levels. For lighting, plug loads 
and pool pumps/spas, the “recovery” would be minimal to negligible. 
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9. ECONOMIC POTENTIAL ELECTRIC PEAK LOAD FORECAST 
 
9.1 INTRODUCTION 
 
This section presents the Residential sector Economic Potential electric peak load forecast for the 
study period F2006 to F2026. The Economic Potential forecast estimates the level of capacity 
that would occur if all electric peak load measures were implemented to the level that is cost-
effective against the long-run avoided capacity cost of electricity in the BC Hydro service region. 
In this study, “cost-effective” means that the technology upgrade cost, referred to as the CEPR in 
the preceding section, is equal to, or less than, the avoided cost of capacity, as defined below. 
 
The discussion in this section covers the following: 
 
� Avoided capacity cost used for screening 
� Major modelling tasks 
� Technologies included in Economic Potential forecast 
� Presentation of results. 
 
9.2 AVOIDED CAPACITY COSTS FOR SCREENING 
 
In terms of identifying the economic potential of electric peak load measures for capacity 
economic screening purposes, a “reference price” for capacity is required. BC Hydro has not 
finalized its capacity reference price. The CPR 2007 uses the most recent draft. The capacity 
reference price is impacted by variables such as location and voltage level. It consists of: 
 
� Generation cost, net of energy value 
� Bulk transmission cost to the Lower Mainland 
� May include regional transmission cost 
� May include distribution cost 
� May include additional costs or reductions for other regions (e.g. additional costs to get to 

Vancouver Island, reduced costs for Northern and Southern Interior). 
 
Since the capacity reference price is dependent on region, the CPR 2007 will use the Vancouver 
Island region, because it has the highest costs. 
 
The capacity economic screen is calculated by adding 50% to the capacity reference price to 
capture potential future opportunities above the current avoided cost and rounding to the nearest 
$10.  
 
Capacity Economic Screen: ($115/kW-yr)*(1.5) = $170/kW-yr (rounded) 
 
The B.C. Energy Plan (2007) imposed specific greenhouse gas requirements on electricity 
supply. BC Hydro is still working to understand the implications of the Energy Plan, and to 
determine how it will meet the intent of the Energy Plan. It is anticipating further government 
direction on specific aspects. 
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9.3  MAJOR MODELING TASKS 
 
By comparing the results of the Residential sector Economic Potential electric capacity forecast 
with the Reference Case, it is possible to determine the aggregate level of potential electric peak 
load reduction within the Residential sector, as well as to identify which specific building 
segments and end uses provide the most significant opportunities for savings. 
 
To develop the Residential sector Economic Potential forecast, the following tasks were 
completed: 
 
� Since all electric peak load measures considered for the study were found to be economic 

(as either stand-alone or incremental, with respect to existing gateway or automated 
metering infrastructure (AMI)), the measures were assumed to be implemented within the 
first forecast year for Technical Potential purposes. In actuality, where stand-alone 
measures (e.g. plug loads) are not initially economic, they would be implemented when 
(or if) sufficient loads are identified to justify the initial costs for the gateways required to 
make the overall site installation cost-effective. 

 
� The capacity measure electric peak load impacts by sub sector were scaled for forecast 

years based on the ratio of electric peak load reductions to annual energy in the Base 
Year (2006), with scaling based on forecast year sub sector end use consumption 
(GWh/yr.).  

 
9.4  TECHNOLOGIES INCLUDED IN ECONOMIC POTENTIAL FO RECAST 
 
Based on the above reference price, all measures identified in this chapter would be considered 
as economic, with the exception of electric plug load measures as stand-alone installations. Since 
incremental installations are considered economic and the option of whether to install stand-
alone or incremental will be a programmatic issue based on the number and size of loads in an 
individual installation, the stand-alone installations will be included in the analysis, pending 
further screening for Achievable Potential. 
 
9.5  PRESENTATION OF RESULTS 
 
The following table (Exhibit 9.1) details the projected load impacts (in MW) for each of the 
electric peak load measures, assuming application of Peak Period 3 demands and changes in 
impacts over time proportional to changes in overall energy consumption. It should be noted that 
the impacts within each end use are not additive, since only one of the measures listed can be 
applied at a time. For example, installation of electric thermal storage would preclude the 
adoption of any type of thermostat or switch control. In practice, one of the measures would be 
applied, as is most economical and preferred, with system replacement, in the case of standard 
space heating by electric thermal storage, only when the useful life of the existing space heating 
system has been expended (i.e., no “early” replacements). 
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Exhibit 9.1: Electric Peak Load Measure Capacity Forecast 

 
 

As illustrated, the growth in plug loads over the forecast period makes the potential for control 
technology for plug loads very attractive. It should also be noted that there have been no 
assumptions on energy efficiency measures or technology improvements that would reduce the 
base electric peak loads of end uses and devices being controlled. 
 

Primary Dwelling 
Type(s)

2006 Avg 
MW *

2006 2011 2016 2021 2026

Space Heating
2-Way Thermostat-based 
utility load control

SFD/Row with central 
electric furnace 105 111 117 122 127

1-Way Thermostat-based 
utility load control

SFD/Row with central 
electric furnace 80 85 89 93 96

Switch-based utility load 
control

SFD/Row with central 
electric furnace 321 340 358 373 387

Electric Thermal Storage 
(ETS) (Central)

SFD/Row with central 
electric furnace 253 267 282 293 304

Electric Thermal Storage 
(Room)

SFD/Row with electric 
baseboard units 776 820 864 900 933

Water Heating
1-Way Switch-based utility 
load control

SFD/Row with >40 gal 
electric tank system 187 195 202 209 212

Lighting
1-Way Switch-based utility 
load control - stand-alone All types 342 363 382 400 414
1-Way Switch-based utility 
load control - incremental All types 342 363 382 400 414
Plug Loads
1-Way Switch-based utility 
load control - stand-alone All types 117 165 200 234 266
1-Way Switch-based utility 
load control - incremental All types 117 165 200 234 266

Pools and Spas
1-Way Switch-based utility 
load control - stand-alone

SFD/Row with year-
round pools/spas 18 19 20 21 21

1-Way Switch-based utility 
load control - incremental

SFD/Row with year-
round pools/spas 18 19 20 21 21
 * Room ETS Uses Low Case

Electric Peak Reduction 
Measures

Projected MW Impacts
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10. EMERGING TECHNOLOGIES 
 
10.1 INTRODUCTION 
 
The discussion contained in the preceding sections has presented energy performance and cost 
information on a range of technologies and measures that can reduce electricity consumption and 
peak demand in B.C.’s Residential sector over the study period. The technologies and measures 
addressed in the preceding sections provide a “core” group of energy efficiency opportunities for 
both short- and medium-term DSM initiatives.  
 
As outlined previously, the core technologies and measures include all that are currently 
commercially available as well as those that have a high probability of becoming commercially 
available by F2011. The application of “core” technologies and measures contained in the 
preceding sections is similar to the approach used in previous BC Hydro CPRs and therefore 
provides consistency and “predictability” for DSM planning purposes. However, the 20-year 
period covered by this study is a long time, especially in reference to technological change. (A 
comparison of the technical capability, physical size and market share of cell phones of 20 years 
ago versus today provides a good example of how fast some changes can occur.) 
 
It is difficult to confidently predict today which new technologies or approaches may become 
commercially viable over the next 10 to 15 years and to predict their potential affect on B.C.’s 
electricity use in the latter portions of the study period (e.g., F2021 to F2026). However, there 
are some very interesting initiatives occurring today throughout North America and Europe that 
have the potential to significantly change future energy use patterns and consumption levels. In 
the Residential sector, these initiatives tend to apply an approach that emphasizes the overall 
built environment system rather than a series of isolated parts. Significant energy performance 
improvements are being sought through “integration solutions.” In the Residential sector, the 
concept of net zero energy housing (NZEH) provides a particularly interesting example.  
 
NZE housing is new residential single-family or attached units that, on an annual basis, generate 
as much electricity as they use and at certain times back-feed excess electricity generated into the 
grid. NZE homes seek to achieve these new energy performance levels by incorporating a range 
of advanced technologies and systems such as: 
 
� Advanced building envelopes that feature a highly insulated, airtight envelope, green 

roofs, advanced glazings and passive or active control of passive solar energy (i.e., 
overhangs and/or shades) 

� High-efficiency light sources and lighting controls to prevent unnecessary use 
� Incorporation of renewable energy systems such as solar thermal and solar photovoltaic 

(PV) technologies  
� High-efficiency appliances, sometimes DC-powered, together with internal load 

reductions or elimination of phantom loads  
� Customer-side controls and smart appliances 
 
Developments affecting the built environment, such the examples noted above, have the potential 
to significantly affect BC Hydro’s longer-term generation and distribution requirements. They 
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could also potentially affect strategic choices that the utility needs to make for its DSM planning 
in the latter half of the forecast period covered by this study. While it is not possible to address 
these emerging technology opportunities with the same level of certainty as the preceding core 
technologies, it is possible to map out some of these opportunity areas and to begin the process 
of considering how BC Hydro could best position itself.  

 
Based on a literature review and previous study team experience as well as discussions with both 
BC Hydro and ERP members, the Residential sector advanced and emerging measures listed in 
Exhibit 10.1 were selected for review. 
 
The measures shown in Exhibit 10.1 are not the only possibilities. However, within the time and 
resources available to this study, the selected measures were felt to offer both significant 
potential savings and the opportunity to integrate with other study analysis areas such as the 
customer-supplied renewable energies, which is addressed in a separate report. 
 

Exhibit 10.1: Residential Advanced and Emerging Technologies 
 

Focus Advanced and Emerging Measures – NZE Housing 

Building shell � Thermal phase-change materials (PCM) 
� Advanced glazings, including integrated PV 
� Green roofs 

Lighting � Light-emitting diode (LED) lighting including PV to LED 
� Light pipes 

HVAC � Solar cooling 

On-site electricity 
generation with advanced 
photovoltaic (PV) 

� Organic PV  
� Transparent, building integrated PV and other new products. 
� Waste to energy 

Smart customer-side load 
controls 

� Software and hardware to communicate with customers and control customer 
loads. 

� Bi-directional controls 

 
The remainder of this section provides a brief discussion of the above measures, including: 
 
� A brief description of each technology or measure and its potential energy contribution 
� A summary the current stage of NZE housing commercialization and major challenges 

confronting increased rates of development 
� A potential commercialization scenario (e.g., start date, stock penetration levels, unit 

savings) that identifies the potential magnitude of energy impacts relative to the 
Reference Case and Economic Potential forecasts  

� Following the discussion of individual emerging measures, this section concludes with a 
summary that identifies potential strategic or policy implications for BC Hydro. 
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10.2 NET ZERO ENERGY HOUSING  
 
NZE housing is new residential single-family or attached units that, on an annual basis, generate 
as much electricity as they use and feed excess electricity into the grid during the day. To attain 
this level of efficiency, a comprehensive package of integrated measures is used, along with 
careful training of building crews and construction supervisors. The success of this style of 
housing has as much to do with a shift in builder thinking and attitudes as it does with the 
various technologies employed. Typically, the measures implemented are subdivision-wide 
measures, spreading the economic affects over hundreds of units, and making the cost easily 
captured through the mortgage.  
 
Both Canada and the U.S. have NZEH programs. Efforts in both countries have been focused on 
developing new technologies and on integrating packages of technologies or measures. Local 
jurisdictions have been doing their part by setting ever-higher efficiency standards and the 
building industry is beginning to see the advantages of offering a green NZEH product to the 
consumer.  
 
The advanced measures that lead to dramatically reduced net heating, cooling, and electrical 
loads can be categorized into the areas of: building envelope measures; heating ventilation and 
air conditioning (HVAC); windows; lighting; appliances; and on-site generation.  
 
This subsection provides a brief description of promising measures in each of the areas that offer 
substantial energy performance relative to current technology. The measures are:  
 
� Building shell – including foundations, walls and roof, phase-change-materials, and high 

performance windows 
� Lighting systems – LED/OLED, fibre optics, light pipes 
� HVAC – solar chilling  
� On-site electricity generation – PV systems, energy from waste 
� Smart customer-side controls 
 
The following discussion contrasts conventional building methods with those used in NZEH. 
 
10.2.1 Advanced Building Envelope Measures 
 

B.C.’s varied climate zones present a variety of challenging situations to builders but a 
common thread to all is the control of air flow, temperature and moisture. Thus 
controlling air and moisture movement through the building envelope is key to an 
efficient, comfortable temperature range inside. To achieve the level of efficiency 
necessary for NZEH, careful attention is paid to the permeability and thermal quality of 
the building envelope. Several new systems and products are being introduced into the 
marketplace, which include systems and products for foundations, roofs and walls, and 
windows. 
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10.2.2 Foundations 
 

Energy-efficient foundations are key to the success of NZEH. In recent years, a good deal 
of research has been undertaken to improve the thermal performance of foundations.  
  
Conventional 
 
Uninsulated or poorly insulated basements can account for up to one-third of the heat loss 
in conventional housing. Most builders lay in forms and rebar then pour concrete 
foundations with a polyethylene barrier on the exterior to prevent water infiltration. Then, 
2x4 or 2x6 inch framing is laid in, fibreglass batts are installed to code and a 
polyethylene vapour barrier is stapled to the framing. Occasionally, builders insulate part 
way down the interior foundation wall to obtain some degree of efficiency.  
 
Best Practice 
 
To date, builders’ business-as-usual approaches have not produced the results necessary 
for NZEH so alterations to conventional practice will be required. Integrated building 
products that combine functionality with practicality are being developed, such as new 
insulated concrete forms (ICFs) with integrated foam insulation, which are beginning to 
enter the marketplace. These products have foam bonded to either the exterior, or in the 
middle of the foundation, resulting in excellent insulation values. This provides 
continuous insulation and a surface upon which to attach interior finishes. It also provides 
materials efficiency because interior framing is not needed with these systems, which in 
turn provides the builder with increased efficiency in materials use and a claim to being 
more “green.”  
 
A competing product is foam blocks with a centre core of poured concrete that produces 
almost the same results as ICFs. A third variation being tried involves a thin layer of 
exterior concrete with rigid insulation on the inside and concrete studs with integrated 
wood strapping, which saves wood and provides preset holes for wiring and plumbing. In 
colder regimes, insulation under the slab is also being implemented. In addition, sill plate 
thermal gaskets are being employed. 
 
Future 
 
In the future, the industry is indicating a desire for a product that is both affordable and 
durable and serves as an insulating material, an air barrier and a vapour barrier, and 
allows the basement to be finished.  
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Summary 
 

The following table summarizes the benefits and performance of various levels of 
technological advancements in this area.155 

 
 Current Leading-edge Future 

Description Interior fibreglass 
batts 

Rigid insulation on exterior 
or ICF, insulate under slab 

ICF or similar with advanced insulation 
product, insulate under slab 

RSI/inch 0.6 0.88 0.88 
Benefits Low cost No thermal bridges, less 

moisture problems, less 
materials 

Better quality assurance, vapour 
barrier, durable compared to fibreglass 
batt 

 
 
10.2.3 Walls and Roof 
 

Builders of NZEH are requesting thermally integrated roof and wall components. 
Prefabricated panels, properly sandwiched and sealed, may begin to replace stick-built 
construction; wall and roof members and basement foundations are the most likely 
candidates for such components.  
 
Conventional  
 
Conventional stick-built housing loses a lot of energy through the walls and roof. 
Imperfect cutting of members, inadequate caulking and sealing, penetrations of the 
vapour barrier and careless or discontinuous application of fibreglass insulation result in 
very inefficient thermal characteristics (3 to 5 ac/h is typical). In addition, moisture 
infiltration from exterior leaks and interior vapour barrier penetrations further degrades 
the thermal values of fibreglass insulation, leading to major efficiency problems.  
 
Best Practice 
 
In addition to interior insulation and careful attention to caulking and sealing, NZEH 
currently uses one or two inches of rigid foam on the exterior plus an air barrier (such as 
Tyvek) to achieve the needed efficiency. Exterior sheathing or stucco is applied over this 
assembly. This way, in a 2x4 or 2x6 wall, R-values approaching and exceeding R-40 may 
be obtained. Virtually all NZEH in the U.S. uses this formula for walls.  
 
Other products being experimented with for the future include Icynene and polyurethane 
spray. Both act as air and vapour barriers and improve the thermal properties and 
soundproofing of homes. In the B.C. environment, if used on the exterior of the home, 
these foam products can provide an excellent barrier to the infiltration of rain, and can 
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result in 1 to 1.5 ac/h. These products are commercially available, but are not yet widely 
used. 

 
Figure 1: Water based spray-foam insulation application in ceiling 

 
Roofing systems that incorporate photovoltaic panels, and roofing integrated PV are also 
integral to most NZEH developments. In cooling climates. the solar panels reduce heat-
gain through the roof, while in heating climates they can provide additional roof 
insulation. In another innovation, PowerLight Corporation has patented a product that 
incorporates rigid foam with the solar panels to provide additional thermal value to the 
roof. 

 
Best New Product: Phase-change materials (PCM) for Exterior Walls 

 
Thermal storage is not new to the building industry but new building envelope materials 
called phase-change materials are being developed. In the heating season, they store heat 
during the day and reduce heat loss at night. In the cooling season, they collect cool 
energy at night and reduce cooling loads during the day. Current research indicates an 
additional savings of 10% on space heating and cooling loads over current best practices. 
It is expected that phase-change materials will begin entering the marketplace within the 
next five to ten years.  
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Figure 2: PCM Wall System (Szymocha, 2005) 
 
The following table summarizes the benefits and performance of various levels of 
technological advancements in this area.  

 
 Current Leading-edge Future 

Description Wood shingle 
Composite 

Spray foam, rigid 
insulation on exterior of 
envelope 

VIP/PCM/PV panels 

R-value (RSI/in) 0.6  1.2 5.28 
Benefits Low cost, 3.5 ach Vapour barrier, 

improved air tightness 
(1 to 1.5 ac/h), high 
insulating value 

Vapour barrier, high 
insulating value, 
reduced temperature 
fluctuations, <1.0 ach 

 
10.2.4 High-Performance Windows 
 

Glass for windows has been used since Roman times to keep inclement weather out of 
residences while allowing for solar gain in the fall and winter. To this day, the task of 
designing and installing windows remains critical to the energy-efficient functioning of 
residences. Technologies like double- and triple-paned windows, heat-mirror, e-glazings, 
low-emissivity (low-e) glass, different styles (thermal breaks in frames) and materials 
(metal to wood and vinyl) of frames, and better materials to caulk and seal around them 
help windows control indoor temperature and comfort while allowing for visibility. The 
psychological benefits of letting light in and being able to see out carry through into 
NZEH and so the thermal characteristics of windows are paramount to the success of this 
style of housing. So far, NZEH in the U.S. uses double-paned, low-e, wood- or vinyl-
framed windows. In Canada, triple-paned high-performance gas-filled windows are 
employed in NZEH. 
 
Conventional 
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Current practice consists of a double-glazed, low-e, argon-filled window yielding about 
RSI-0.5 m2/kW and having a Solar Heat Gain Coefficient (SHGC) of about 0.5 to 0.6. 
Framing materials include aluminium, vinyl, wood or fibreglass. Aluminium, being the 
best conductor, will yield the highest heat transfer and therefore lead to the most heat loss 
through windows. Therefore, choosing a good window frame is as important as the 
glazing itself. The best window frames in terms of insulation are wood and fibreglass, 
which can be further improved by thermally breaking the frame and inserting foam to 
ensure there is no direct path through which heat can travel.156  
 
Best Practice 
 
Best practice technology includes triple-glazed, double low-e, argon-filled windows with 
fibreglass thermally broken framing. These windows can yield about RSI-1.0 m2/kW, 
have a SHGC of about 0.4 to 0.5 and have far fewer problems with condensation. They 
also insulate better, resulting in greater thermal comfort in the home (especially those 
with a large amount of glazing area), greater energy savings and better soundproofing.  
 
A window popular in Germany has a significantly higher R-value and consists of a wood 
frame and low-conductivity xenon or krypton gas rather than argon gas to fill the space 
between the glazings. This type of window yields about RSI-2.1 m2/kW, which is more 
than double the R-value of windows using argon gas.  
 
Insulated shutters are a low-tech solution for adding additional insulation where no solar 
radiation is present. Although the ideal method of control would be to automate the 
process in conjunction with a pyranometer, manual control can be somewhat effective as 
well.  
 
Best New Products 
 
Window technologies that currently exist but are still under development include 
electrochromic, thermochromic and photochromic. These technologies involve changing 
window transmission properties based on an electrical signal, a reaction to thermal 
conditions, or a reaction to daylight conditions, respectively.  
 
Electrochromic windows work by applying a low voltage across the electrochromic film, 
causing its solar optical properties to change. The glass may be programmed to absorb 
only part of the light spectrum, such as solar infrared. Early research indicates that the 
technology can save substantial amounts of energy in buildings157 and electrochromic 
glazings may eventually replace traditional solar control technology such as tints, 
reflective films and shading devices.  
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Several thermochromic technologies are being explored, but gel-based coatings seem to 
be the most promising. “Cloud Gel,” a product now on the market, is a thin plastic film 
that can be incorporated into almost any window assembly.158 The response temperatures 
of “Cloud Gel” can be adjusted depending on need and location. In addition to 
automatically changing from clear to diffuse in response to heat, the glazings turn white 
and reflective, reducing the transmission of solar heat. Although this can reduce air 
conditioning costs significantly, because occupants can no longer see through the window 
once it loses its transparency, this glazing is probably best suited for skylights rather than 
view windows.  
 
Photochromic windows work well to reduce glare from the sun but do not control heat 
gain because the amount of light that strikes a window doesn’t necessarily correspond to 
the amount of solar heat it absorbs. This presents a drawback in terms of energy savings. 
Because the sun is lower in the sky during the winter months, its rays may strike a 
window more intensely than in the summer when the sun is higher in the sky. In this case, 
a photochromic window would darken more in the winter than in the summer, although 
winter is the time when solar heat would be most beneficial. Another problem is that, 
while this technology works fine on small, eyeglass-sized pieces of glass, it has yet to be 
applied successfully on a large-scale commercial level for window-sized pieces. Despite 
some problems, “smart windows” hold the promise of reducing energy demand and 
cutting air conditioning and heating loads in the future.  

 
Another leading-edge technology involves windows that feature a single glazing but 
include a motorized Venetian shade, followed by two more glazings. This allows heat 
gains to be rejected much more effectively to the outside compared to the interior 
placement of shading, yet the shades are still protected from the outdoor elements. This 
energy-efficient window integrates the control of solar radiation, which is key to the 
integrated design of both residential and commercial building facades. 
 
Still another advanced integrated technology is semi-transparent photovoltaic windows, 
which incorporate photovoltaic cells in the window, adding shading and electricity 
generation. Since these are regular windows with the addition of PV cells, the thermal 
properties of the window do not change and are, therefore, as energy efficient. The only 
change would be the daylight transmission properties due to the placement of PV cells in 
the window and this can be a variable when designing the building.  
 
Summary 
 
The following table summarizes the benefits and performance of various levels of 
technological advancements in this area.159  
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 Current Leading-edge Future 

Description Double-glazed, low-e Triple-glazed, low-e Electrochromic, thermochromic, 
gel, integrated shading and PV 

R-value (RSI) 0.58 0.93 1+ 
Benefits Low cost, high 

SHGC (0.5 to 0.6) 
Better comfort, good 
SHGC (0.4 to 0.5) 

Automatic operation, better 
comfort, eliminates need for 
shading device, variable SHGC 

 

10.2.5 Green Roof  
 

Green roofs are layered roofing systems that include waterproof and root-resistant 
membranes, a drainage system, filter cloth, growing media and plants. They can be 
created in place or installed using modular sections. Green roofs have limited impact in 
short span construction. The weight of a 3” green roof is approximately equal to gravel 
ballast use in inverted roof systems. For long span construction, load considerations need 
to be engineered.  
 
In B.C., the Community Charter and Local Government Act allows vegetated roof 
systems. The roofing system meets municipal demand for pervious surfaces on building 
sites. As well, green roofs are proven to not increase fire risk. However, at the residential 
scale, some difficulties with homeowner warranties may be encountered. 
 
In the Residential sector, the use of green roofs is likely to be restricted to high- and low-
rise apartment buildings. Several factors are involved, including the potential impact on 
homeowner warranties and the difficulty in dealing with sloped roof systems. 
 
However, green roofs may start to be incorporated into high- and low-rise apartment 
buildings as the benefits begin to be recognized. In fact, certain jurisdictions such as 
Chicago and San Francisco are making their inclusion almost mandatory in new 
construction.  

 
10.2.6 Advanced Lighting Technologies 
 

Conventional 
 
Lighting in energy-efficient housing has been a difficult area to deal with. Initially, 
fluorescents did not match incandescent light coloration, and mechanical ballasts were 
noisy and inefficient. Because of considerably higher cost, they were almost never 
installed, except where regulations specified. Builders preferred to go with what they 
knew, and entryway pendants, dining room chandeliers, a few mushroom mounts, and 
possibly some recessed hallway lighting were all that was hardwired, leaving residents to 
purchase table and floor lamps to fill in the rest of their needs. This builds load very 
quickly in an occupied space, and NZEH builders and their predecessors have paid 
particular attention to producing pleasing, well-lit homes. This has occurred in stages as 
fluorescent bulb and fixture manufacturers have responded to government initiatives, 
solid industry research and market pull from consumers and builders. Newer fluorescent 
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bulbs produce approximately 60 lumens per watt, cost $2 to $3 for a 13-watt bulb, and 
yield the same as a 60-watt incandescent bulb. 
 
In Canada, 10% of the electricity in R2000 homes goes to lighting, and in the typical 
residential context in B.C. the figure is 15% to 20%. This means that NZEH in B.C. will 
have to pay great attention to lighting strategies and technology, including advanced 
lighting controls. Three of the most promising technologies are LED, fibre-optic lighting 
and light pipes. A brief description of each is provided below. 
 
Best Practice: Light Emitting Diodes (LED) 
 
LED is a leading-edge lighting technology based on semiconductor technology, which 
currently produces approximately 25 lumens/watt for white light. Prototypes are showing 
efficacies up to 100 lumens/watt for white light. LEDs in general are more efficient for 
producing coloured light and are, therefore, suitable for residential applications such as 
holiday lights and decorative lighting. However, with the recent increase in luminous 
efficacy, and because the light produced by LEDs is actually perceived as brighter to the 
human eye compared to a compact fluorescent (they produce more light visible to human 
eye for less watts), LED lighting has the potential to serve a significant part of the 
residential lighting market.  

 
Organic LEDs (OLEDs) have been around since the 1980s. They are beginning to replace 
LCD displays in handheld PDAs and cellular phones and are also now being considered 
as light sources. One recent type of OLED is the phosphorescence OLED, which could 
theoretically allow LEDs to achieve over 100 lumens/watt. Since LEDs are 
semiconductor devices, it can be assumed that prices will drop significantly in the future 
in response to widespread adoption. Such adoption will be the result of excellent quality 
of light, durability and power consumption.  
 
LED lighting is invading not just holiday lights, but also mainstream household lighting 
uses such as ceiling fixtures and under-counter lights.  
 
Solar PV-powered LED lighting is also beginning to appear, and has been used to 
attractively illuminate atriums and common spaces.  

 
Best Practice: Light Pipes and Fibre Optic Lighting 
 
Light pipes are an attractive, energy-efficient lighting technology that channels 
illumination to the interior of buildings. Light tubes use daylighting, which is collected 
and then run through a reflective tube through a plenum and exits in a fixture style 
diffuser, providing natural light where a skylight would not normally be possible or 
desired.  
 
A similar product exists that uses the same concept as the light tube but uses fibre optics 
to direct daylight into the space. This avoids the need to cut a large hole in a roof, which 
causes thermal breaks in the building envelope and potential water leakage issues. A 
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collector is still required on the rooftop, which collects the daylight that is then focused 
into a fibre optic cable. Daylight is still the most efficient form of lighting, with an 
efficacy typically around 120 lumens/watt and the power in this case comes from the sun. 

 
Although daylighting and electric lighting control technologies are not as prominent in 
residential construction compared to commercial, they can still save energy. Daylighting 
technologies that control the amount of electric light based on the available daylight can 
save a significant amount of the daytime lighting energy, provided that the house is 
occupied during the day. Light fixtures with integrated smart controls are the way of the 
future, saving energy and installation time and effort since it can all be installed in the 
time it takes to install a regular fixture. 
 
Summary 

 
The following table summarizes the benefits and performance of various levels of 
technological advancements in this area.160 

 
 Current Leading-edge Future 

Description Compact 
fluorescent 

LED, light pipes OLED, fibre optics, integrated 
lighting controls 

Efficacy (lumens/W) 60 25 to 100 100+ 
Benefits Energy efficient, 

low cost 
Energy efficient, low 
cost, excellent durability 

Energy efficient, more liveable 
indoor environment 

  
10.2.7 Heating, Ventilation and Air Conditioning 
 

Heating, ventilation and air conditioning systems determine the basic characteristics of 
indoor comfort. The HVAC system in a residential home is comprised of the heating 
source, the cooling source (optional), a ventilation system, fans and balance of system 
components such as ducts, grilles and dampers.  
 
Space heating accounts for approximately 50% to 60% of a typical home’s total energy 
needs. In the B.C. residential marketplace, gas and electricity are the favoured fuels and 
as upward pressure is exerted on cost of these resources, and as the public begins to see 
them as more and more valuable, more will be done to develop and install super-efficient 
heating systems. 
 
Conventional Heating 
 
Both electric heating and gas are used widely in B.C. Current practice for single-family 
detached homes is to install a condensing gas furnace of greater than 90% efficiency, 
whereas electric heating is used in most townhouse, condominium and high-rise 
residential settings. 
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Heating systems cannot be separated from delivery of the heat. Good duct systems, even 
those strung in interior conditioned space, are, therefore, essential to the proper delivery 
and distribution of heat from gas-fired systems. Electric baseboards are notoriously 
inefficient at spreading comfortable heat evenly throughout interior spaces, however, 
because of first cost, they are the favoured method of heating in apartment buildings. As 
the cost of these technologies compete, favour may be given from one to the other, but in 
the end, a hybrid technology may win. 
 
In the meantime, advanced technologies that are currently in use include radiant heat in 
the floor operating off a small boiler, hydronic heating with a fan coil attached to the 
water heater and ground-source heat pumps. 
 
Conventional Best Practice 
 
A heat pump is a very efficient form of heating and cooling, with a COP usually around 3 
depending on climatic conditions. Since the COP refers to the ratio of heating or cooling 
energy out to electrical energy in, a COP of 3 indicates an efficiency of 300%. Air-source 
heat pumps, however, have limited applications for temperatures of less than 5oC. To 
solve this issue, ground-source heat pumps use the stable temperature below ground to 
temper the air or liquid source for the heat pump in order to maintain a higher COP 
throughout the year regardless of climactic conditions. However, the high costs for 
excavation of boreholes and the need for more land area to accommodate them have 
limited the large-scale adoption of this technology for individual houses.161  
 
Best Practice: NZEH Heating 
 
Leading-edge technology in this area includes heat pumps that produce high COPs in the 
area of 3, with products being researched with expected COPs in the area of 6. These can 
be expected to aid in dramatically reducing energy consumption in homes.  
 
One such technology being researched is a cold-climate (frostless) heat pump that 
achieves a COP of 2.7 at -8oC and 2.3 at -18oC162. The innovation is based on the 
principle that adding heat internally into a Rankine cycle can shift the heat absorption and 
rejection temperatures upwards. Tests have shown that the addition of moderate amounts 
of heat dramatically retards frost formation over a substantial range of outdoor ambient 
conditions where frost is likely to form. Most of the heat added to the accumulator is 
delivered to the indoor coil, providing increased heating capacity and improved thermal 
comfort in the form of higher air temperatures entering the indoor space163. This could 
reduce or even eliminate the need for resistance heating as a backup and can lead to 
savings of around 30% throughout the year compared to a standard heat pump. This heat 
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pump represents an alternative to the conventional ground-source heat pump, meaning 
the high costs associated with digging of the borehole will be eliminated, representing a 
much more cost-effective solution.164  
 
Another technology being employed in NZEH in the U.S. is hydronic heating off the 
water heater. A fancoil device is attached to the water heater, extracting heat and blowing 
it into ductwork. This, combined with good passive solar orientation, a tight thermal 
envelope and properly placed windows, is currently being used in NZEH in the U.S. 
 
Summary 
 
The following table summarizes the benefits and performance of various levels of 
technological advancements in this area.165 

 
 Current Leading-edge Future 

Description Condensing furnace Ground-source heat pump Advanced thermal storage 
techniques 

COP 0.95 3 to 6 Solar to meet up to 75% of 
heating load 

Benefits Doesn’t put strain on 
grid, relatively efficient 

High efficiency year 
round 

Basically no maintenance or 
operation costs 

 
Best New Product: Solar Air Conditioning 
 
Absorption chilling has long been used to create refrigeration in certain markets and solar 
air conditioning technology is now being scaled down for the residential market. For 
residences of over 3,000 ft2 solar chilling technology is now becoming available. This 
could be significant new product as builders try to comply with the exacting standards of 
NZEH.  
 
The technology is just now being marketed in the U.S. (called Solargenix) and may have 
particular relevance to the B.C. Interior. Ten to 15 years from now, there is a good 
possibility it may be competitive with grid-supported residential air conditioning.  

 
 Current Leading-edge Future 

Description Air-cooled direct 
expansion A/C 

Ground-source liquid-
source heat pump 

Solar air conditioning 

COP 2 to 3 2 to 10 12 to 40 
Benefits Low cost, widely 

available 
Higher efficiency Free fuel, low maintenance 
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10.2.8 On-Site Electricity Generation 
 

In the field of NZEH, on-site electricity generation becomes an important element of the 
systems approach. To create as much electricity as possible over one year, as is used in a 
residence, some form of electric generation is necessary.  
 
Photovoltaics 
 
Photovoltaics (PV) turns energy produced by the sun into electricity. Outside the Earth’s 
atmosphere the intensity of solar radiation is about 1,300 W/m2. When this energy is 
passed through the Earth’s atmosphere, portions are scattered and absorbed by particles 
in the sky, such as clouds or haze. Depending on the area, more than 90% of the solar 
radiation can reach the ground.166  
 
The first generation of PV cells, created in the 1950s, use silicon-based technology that 
converts the visible light part of the spectrum. A second generation, polymer-based PV, is 
now being commercialized. This form is expected to be revolutionary in its impact.  
 
Conventional 
 
A PV cell is a solid-state semiconductor device that converts sunlight directly into 
electricity. It is usually made of silicon, with traces of other elements. PV cells are 
aggregated into modules and are sold to the residential marketplace by many 
manufacturers and installers. Typical system size is 2 to 4 kW and costs are currently 
around $10 per watt (although the cost is forecast to drop substantially). NZEH builders 
are incorporating PV systems to reduce on-peak usage and balance annual energy use. 
For the most part, the systems being used on NZEH are conventional crystalline and 
polycrystalline modules. 
 
PV cells convert light energy into electricity at the atomic level, at a conversion 
efficiency of 7% to 17%. The conversion efficiency of PV panels is constantly 
increasing, with leading-edge technology in the area of 20% and future technologies 
expected to exceed 40% efficiency.167  
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 Shahidehpour and Schwartz, Don’t Let The Sun Go Down On PV. IEEE Power and Energy Magazine, May/June 2004, p 42. 
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 Renewable Energy Access, Solar Cell Breaks the 40% Efficiency Barrier, December 2006. 
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Figure 3: General schematic of a residential PV system with battery storage 
(howstuffworks.com) 

 
 
PV panels also generate a significant amount of heat in addition to electricity. Therefore, 
systems that harness this heat using liquid or air and use this heat for space or water 
heating can increase their overall efficiency significantly. Such systems are referred to as 
PV-thermal (photovoltaics plus thermal). One beneficial side effect of harnessing the heat 
from the solar panels is the cooling of the panels, which increases their electrical 
efficiency.168 
 
Best Practice 
 
One way to address some of the incremental costs is through building integrated 
photovoltaic (BIPV) systems where PV modules can be combined with, or in some cases 
replace, parts of the building structure such as roof tiles and cladding. PV is useful for 
supplementing grid-supplied power, reducing energy costs and providing emergency 
back-up power during utility power outages. 
 
A leading-edge photovoltaic product consists of a parabolic trough reflector, which 
concentrates the sun’s energy onto a modular absorber. It can be configured for 
electricity, heat, cooling and/or lighting solutions and can therefore capture up to 80% of 
the sun’s energy. Systems like this have the potential to dramatically reduce the cost of 
energy generation once produced and used on a wide scale.169  
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Best New Products 
 
Possibilities for larger impacts exist with the second generation technologies just now 
being developed. These are typified by Nanosolar’s “plastic film” and Konarka’s “power 
plastic.” 
 
Nanosolar, a company based in Palo Alto, California, uses an innovative printing 
technique to produce a solar film. Its technology will lead to medium-efficiency cells five 
to ten times cheaper than current silicon cells (e.g., a cost of less than $1 per watt in 
Milestone Years 3 and 4). To make the film, a very thin layer of copper-indium-gallium-
selenium is printed onto a thin polymer. No silicon is involved in the process. The 
company plans to produce 430 MW of solar cells per year, making Nanosolar one of the 
largest solar producers in the world in the span of a few years.  
 
New organic PV from Konarka creates the photovoltaic effect in newly formulated 
plastics that can be rolled out like poly, woven as fibre, or literally sprayed onto 
buildings. Called “power plastic,” this product is set to revolutionize the field of 
photovoltaics. 
 
The following table summarizes the benefits and performance of various levels of 
technological advancements in this area.170 

 

 Current Leading-edge Future 

Description Amorphous, Poly- or 
MonoCrystalline 

Multi-junction cells 
Multi-junction with 
concentrators 

Nanosolar and solar 
plastic 

Conversion Efficiency 5% to 14% 18% to 20% 
20% to 40% 

+ 10% over multi-
junction 

Benefits Clean source of electricity, potential to reduce significantly in cost in future 

 
Commercialization and Time Frame 
 
There will be much greater penetration of residential electric loads as PV systems 
become more accepted in the residential marketplace, as prices drop and product range 
and availability increases, and as builders start to regularly install solar. The first 
generation is beginning to have an impact on housing. Based on silicon and doping with 
other rare elements, resources are limited by high cost and competition for silicon crystals 
that are grown primarily for the computer industry. Silicon-based technologies are limited 
in their potential for cost reduction. 

 

                                                 
 
170

 Pasini, 2007. pp. 27-28. 



BC Hydro Conservation Potential Review 2007  –Residential Sector– 

Marbek Resource Consultants Ltd.  Page 180 

10.2.9 Waste to Energy 
 

Conventional 
 
The waste-to-energy area has burgeoned in recent years with systems being developed to 
convert biomass to liquid fuel, organic matter to methane and used oils to biodiesel. 
These exist, however, primarily at the commercial scale and the residential marketplace 
has been relatively devoid of waste-to-energy devices. 
 
Best Practice 
 
One exception is a low-cost biodiesel kit that produces enough biodiesel each day for a 
lengthy commute or for use in a small generator. The kit, developed and marketed by a 
Canadian company, is sufficient to produce 160 litres of biodiesel per day at $0.25 per 
litre. 
 
The following table summarizes the benefits and performance of various levels of 
technological advancements in this area. 

 
 Current Leading-edge Future 

Description Nothing Biodiesel Steam reforming 
Conversion Efficiency 0 30% IC engine >40% 
Benefits Clean source of electricity, potential to reduce household load significantly in 

future 

 
Best New Product: Steam Reforming Waste 
 
An interesting technology that could provide electricity and heat at the residential scale 
comes from high-temperature steam reforming. The technology has been practiced for 
over 20 years and been tested on various challenging waste streams, including 
pharmaceutical and nuclear contaminated waste, medical, astronaut and municipal waste. 
It reduces the waste mass by 85%, with a 15% clean reusable inert sterilized residue. The 
product is a clean, hydrogen-rich syngas (the latest test on medical waste yielded 62% 
hydrogen), capable of being used for electric generation, and clean enough for high 
temperature fuel cells or for transportation fuel as purified hydrogen.  
 
Currently, systems are being designed at a commercial scale, although the company that 
is commercializing the technology has filed patent for a residential-scale system. The 
company says that it will be available starting sometime early in Milestone Year 2, and 
would likely gain significant penetration in the new housing market in Milestone Years 3 
and 4. The unit is expected to be approximately the size of a stacked washer-dryer that 
fits in a utility closet. By then, utility costs may more than justify the incremental cost of 
the technology. 
 
Current levels of household garbage (assuming 2 kg/day per person) indicate a capacity 
to generate about 6 kWh of electricity per person per residence. In a four-person 
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household with teenagers, 20 kWh per household on a daily basis would not be 
unreasonable to expect.  
 
The following table summarizes the benefits and performance of various levels of 
technological advancements in this area. 
 

 Current Leading-edge Future 

Description Nothing Biodiesel Steam reforming waste 
Conversion Efficiency 5% to 14% 18% to 20% >40% 
Benefits Source of electricity and heat; back-up power in case of supply failure 

 
10.2.10 Fuel Cells Using Natural Gas, Propane or Syngas 
 

Fuel cells are an emerging technology that is likely to penetrate the residential 
marketplace within the study period time frame. A fuel cell is an electrochemical device 
that converts fuel to electricity with no combustion. Several generations of stationary fuel 
cells exist, from phosphoric to molten carbonate to a newer technology using solid oxide. 
Solid oxide fuel cells are being prepared for the residential marketplace, with a new 
module capable of delivering 10 kW of electricity and an equivalent amount of heat. 
Preferred fuels include natural gas, propane and hydrogen. Commercialization is just now 
occurring, with units in place and operating well for the last two years.  
 
The following table summarizes the benefits and performance of various levels of 
technological advancements in this area. 

 
 Current Leading-edge Future 

Description 0 Solid oxide fuel cell on 
natural gas 

Solid oxide fuel cell on 
syngas 

Conversion Efficiency 0% 50 to 60% 50 to 60%% 
Benefits Clean source of electricity, potential to significantly reduce residential energy 

use  

 
10.2.11 Smart Customer-Side Controls 
 

Conventional 
 
Smart customer-side controls are defined as devices and software that can aggregate and 
control specific household loads such as HVAC, lighting and appliance loads. Typically, 
these types of controls and devices have been used in commercial buildings. Home 
automation systems have been around for many years, yet no low-cost residential system 
seems to be widely marketed to the consumer. NZEH includes automated systems but 
builders are not marketing these houses as “smart” or “automated” houses. 
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Best New Product 
 
Optimal Technologies of Calgary, Alberta, has developed a suite of smart software and 
hardware that allows for efficient sensing and control of loads from the customer point of 
view as well as allowing for utility control of these loads. Their package has been 
evaluated as the most advanced in the world by several agencies and utilities, including 
the U.S. Department of Energy, San Diego Gas & Electric, the California Independent 
System Operator and several municipal utilities. Customer-side savings from 
implementation of their building software and hardware package are predicted to be in 
the 10% to 15% range overall, with 40% savings on peak. 
 
The following table summarizes the benefits and performance of various levels of 
technological advancements in this area. 

 
 Current Leading-edge Future 

Description None Programmable 
thermostats, zone 
control 

Smart 
software/hardware 

Conversion Efficiency 0% 5% to 10% 10% to 40% 
Benefits Low-cost source of efficiency, potential to reduce cost significantly in future 

 
10.3  CURRENT COMMERCIALIZATION STATUS AND CHALLENG ES FOR 

NZEH  
 

As a credible marketing concept, NZEH has begun to gain traction in the residential marketplace. 
Individual technologies are also advancing, and both efficiency and on-site generation is 
improving. Strong consumer sentiment is being driven by global warming fears and Net Zero 
Energy Housing is a technology that people know will help mitigate the problem. In California 
and the southwest U.S., there are 43 NZEH projects encompassing 1,697 homes.  

 
According to the Canadian Net Zero Energy Home Coalition, the goal is to have 1,500 net zero 
homes within the next five years, and to have all new homes built to some form of net zero 
energy standard by the year 2030. One pilot project aimed at stimulating the market and 
demonstrating that net zero housing is indeed possible in every region in Canada is Canada 
Mortgage and Housing Corporation’s (CMHC) Equilibrium project. CMHC will provide some 
funding to 12 projects across Canada for the design, construction and monitoring of the homes. 
In Alberta, Avalon Homes wants to build 100% of their homes as NZE homes by 2015 at no 
additional cost to the consumer. Specific examples of demonstration projects in B.C. include the 
Hanvey House (one of the 12 CMHC projects selected to receive funding), Dockside Green 
(self-sufficient community), Southeast False Creek (net zero demonstration home within an eco-
friendly community).  
 
In the U.S., subdivisions of these homes are selling out before they are built. The planning 
paradigm that captures the costs in newly designed mortgages allows the homeowner to have a 
larger mortgage, a better designed home, a higher resale value and lower monthly operating 
costs.  
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10.3.1 Challenges 

 
The two biggest challenges to increased market penetration rates of NZEH are builder inertia and 
perception of cost. Perception has to do with the feeling that it is “more expensive” to have a net 
zero energy home. Cost, however, is not really a factor because of the way it can be captured in 
new NZEH mortgage instruments. This can be addressed through educating builders and the 
public on the benefits, including lower operating costs, increased home resale value, more 
comfortable, cleaner and quieter indoor operating homes that are more sustainable and that have 
a smaller carbon footprint. Lenders appear willing to engage in such mortgages and examples 
include the U.S. Federal Home Loan Mortgage Corporation (Freddy Mac) and Bank of America. 
 
10.4 POTENTIAL IMPACT OF NZEH HOUSING  
 
The Residential sector Reference Case, presented previously in this report, assumes that even in 
the absence of specific supporting programs, a small but undetermined number of NZEH will be 
constructed in the later milestone periods of this study. However, as a percentage of the total 
residential single-family homes that will exist in F2026, NZEH units remain negligible under the 
Reference Case assumptions.  
 
To illustrate the potential impact of NZEH on future BC Hydro electricity generation 
requirements, Exhibit 10.2 shows the potential electricity savings that would occur if, beginning 
in F2016, all new single-family detached homes in B.C. were constructed to NZEH standards. 
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SFD Electric 
Heat

SFD Non- Electric 
Heat

Total

New Units in Built In Period
F2011 9,461 24,714 34,175
F2016 9,461 24,714 34,175
F2021 9,461 24,714 34,175
F2026 9,461 24,714 34,175
Total 37,844 98,856 136,700

Annual Electricity Use Per 
New Dwelling Unit (kWh/yr)

20,466 9,938

Annual Electricity Use               
New Dwellings (GWh/yr)          
Reference Case

F2011 194 246 439
F2016 387 491 878
F2021 581 737 1,318
F2026 775 982 1,757

% Total SFD Electricity Use 
F2026

6% 7% 13%

Annual Net Electricity Use Per       
New NZE Dwellings (kWh/yr)                

0 0

Annual Electricity Savings      
New Dwellings (GWh/yr)                
NZE Housing Scenario

F2011
F2016 194 246 439
F2021 387 491 878
F2026 581 737 1,318

Exhibit 10.2 Potential Electricity Savings from NZEH – New Single Family Detached 
Dwellings by Milestone Period for Total BC Hydro Service Area (GWh/yr) 

 
As illustrated in Exhibit 10.2, if fully implemented beginning in F2016, as outlined above, 
NZEH would result in savings of approximately 878 GWh/yr. This would be equal to about 
6.5% of total residential single-family detached (SFD) electric energy consumption in F2026, or 
about 4% of total residential electricity use.  
 
NZEH would also reduce BC Hydro’s future generating capacity requirements. For planning 
purposes, BC Hydro currently assumes design loads of 3 kW (not electrically heated) and 5 kW 
(with electric heating) for single-detached residential stock. Depending on future actual 
experience, it is expected that the capacity requirements for new NZEH units could be reduced 
by over 75%. In the above scenario this would be equal to a capacity reduction of 120 to 150 
MW. 
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11. ACHIEVABLE POTENTIAL – ELECTRIC ENERGY 
 
11.1 INTRODUCTION 
 
This section presents the Residential sector Achievable Potential electric energy savings for the 
study period (F2006 to F2026). The Achievable Potential is defined as the proportion of the 
savings identified in the Economic Potential forecast that could realistically be achieved within 
the study period.  
 
The remainder of this discussion is organized into the following subsections: 
 
� Description of Achievable Potential 
� Approach to the estimation of Achievable Potential 
� Workshop results – electric energy savings 
� Summary of Achievable electric energy savings 
� Electric peak load impacts. 
 
11.2 DESCRIPTION OF ACHIEVABLE POTENTIAL 
 
Achievable Potential recognizes that in many instances it is difficult to induce all customers to 
purchase and install all the electrical efficiency technologies that meet the criteria defined by the 
Economic Potential forecast. For example, customer decisions to implement energy-efficient 
measures can be constrained by important factors such as: 
 
� Higher first cost of efficient product(s) 
� Need to recover investment costs in a short period (payback) 
� Lack of product performance information 
� Lack of product availability 
� Consumer awareness. 
 
The rate at which customers accept and purchase energy-efficient products will be influenced by 
the level of financial incentives, information and other measures put in place by BC Hydro, 
governments and the private sector to remove barriers such as those noted above.  
 
Exhibit 11.1 presents the level of electricity consumption that is estimated in the Achievable 
Potential scenarios. As illustrated, the Achievable Potential scenarios are “banded” by the two 
forecasts presented in previous sections, namely: the Economic Potential Forecast and the 
Reference Case. As illustrated in Exhibit 11.1, electricity savings under Achievable Potential are 
typically less than in the Economic Potential forecast. Two key considerations contribute to this 
outcome: 
 
� Savings per Participant. The bundle of measures in the Economic Potential forecast was 

selected based on BC Hydro’s economic criteria, not that of the customer (which has not 
yet been considered). Thus, the measures included in the Economic Potential forecast 
may be more aggressive than those that the customer would be willing to invest in (even 
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with BC Hydro intervention). As a result, participant electricity savings in the Economic 
Potential forecast may exceed levels contained in the Achievable Potential scenarios. 

 
� Rate of Market Penetration. In the Economic Potential forecast, efficient new 

technologies are assumed to fully penetrate the market as soon as it is financially 
attractive to do so. However, the Achievable Potential recognizes that under “real world” 
conditions, the rate at which customers are likely to implement new technologies will be 
influenced by additional practical considerations and will, therefore, occur more slowly 
than under the assumptions employed in the Economic Potential forecast. 

 
Exhibit 11.1 also shows that future electricity consumption under the Reference Case is greater 
than in either of the two Achievable Potential forecasts. This is because the Reference Case 
represents a “worst-case” situation in which there are no additional BC Hydro market 
interventions and hence no additional electricity savings beyond those that occur “naturally”.  
 
Any estimate of Achievable Potential over a 20-year period is necessarily subject to uncertainty; 
therefore, Exhibit 11.1 presents the achievable results as a band of possibilities, rather than a 
single line.  
 
� The Lower Achievable Potential assumes B.C. market conditions that are similar to 

those contained in the Reference Case. That is, the customers’ awareness of energy 
efficiency and their motivation levels remain similar to those in F2006, technology 
improvements continue at the current pace and new energy performance standards 
continue as per current known schedules. It also assumes that BC Hydro’s ability to 
influence customers’ decisions towards increased investments in energy efficiency 
remains “roughly” in line with previous DSM experience and that BC Hydro is guided by 
the B.C. Energy Plan. 171 

 
� The Upper Achievable Potential 172 assumes that B.C. market conditions become more 

supportive of investing in energy efficiency. For example, this scenario assumes that the 
2007 Energy Plan will continue to evolve and be succeeded by a more ambitious one. It 
also assumes that government establishes GHG regulations such that it is more attractive 
for customers to reduce energy use and emissions (e.g. GHG emissions cap and trading 
program) and makes commitments that will provide additional opportunities to leverage 
DSM program resources by partnering with other organizations at both the national and 
provincial levels (e.g., national initiatives to transform the incandescent lighting 
market).173 It also assumes that the rate of technological change increases and that BC 
Hydro may offer financial incentives up to the reference price if required. Finally, this 

                                                 
 
171

 B.C. Ministry of Energy, The B.C. Energy Plan: A Vision for Clean Energy Leadership, 2007. 
172

 This is the upper limit of the impact of BC Hydro initiatives. It is not the upper limit of electricity conservation. In theory, it 
is possible for Achievable Potential to exceed Economic Potential if customers are motivated by non-energy benefits. However, 
non-energy benefits were not considered in this analysis. 
173

 The estimate of customer participation rates for future Power Smart initiatives in the Upper scenario assumes that there will 
be some increase in electricity rates charged by BC Hydro. However, there was no examination of different rate designs, the 
possible differential impacts of different levels of rate increases or alternative rate designs.  
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scenario assumes that current U.S. federal energy policy becomes more supportive of 
energy efficiency and GHG reduction initiatives. 

 
� However, the Upper Achievable Potential scenario also recognizes that are limits to 

scope of influence of any electric utility, including BC Hydro. It recognizes that some 
markets or submarkets may be so price-sensitive or constrained by market barriers 
beyond the influence of BC Hydro that they will only fully act if forced to by legal or 
other legislative means. It also recognizes that there are practical constraints related to the 
pace that existing inefficient equipment can be replaced by new, more efficient models or 
that existing building stock can be retrofitted to new energy performance levels 
  
For the purposes of this CPR, the Upper Achievable Potential can, informally, be 
described as: “Economic Potential less those customers that “can’t” or “won’t” 
participate.”  

 
Exhibit 11.1: Annual Electricity Consumption – Illu stration of Achievable Potential 

Relative to Reference Case and Economic Potential Forecast for the Residential Sector 
(GWh/yr) 
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� Achievable Potential versus Detailed Program Design 
 
It should also be emphasized that the estimation of Achievable Potential is not synonymous with 
either the setting of specific DSM targets or with program design. While both are closely linked 
to the discussion of Achievable Potential, they involve more detailed analysis that is beyond the 
scope of this study.  
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Exhibit 11.2 illustrates the relationship between Achievable Potential and the more detailed 
program design. 
 

Exhibit 11.2: Achievable Potential versus Detailed Program Design  

Base Year Calibration

Reference Case

Technology Assessment

Capacity Impacts

Achievable Potential

Economic Potential

Detailed Program Design

DSM Targets

2007 CPR Study

On-going Power Smart Work

 
 
11.3 APPROACH TO THE ESTIMATION OF ACHIEVABLE POTEN TIAL 
 
Achievable Potential was estimated in a five-step approach. A schematic showing the major 
steps is shown in Exhibit 11.3 and each step is discussed below. 
 

Exhibit 11.3: Approach to Estimating Achievable Potential 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Step 2: Create Opportunity Profiles

Step 3: Prepare Assessment Worksheets

Step 4: Conduct Achievable Workshop

Step 6: Aggregate Achievable Results

Step 1: Select Priority Opportunities

Step 5: Extrapolate Workshop Results to Remaining 
Opportunities
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� Step 1:  Select Priority Opportunities  
 
The first step in developing the Achievable Potential estimates required that the energy saving 
opportunities identified in the Economic Potential forecasts be “bundled” into a set of 
opportunity areas that would facilitate the subsequent assessment of their potential market 
penetration.  
 
The amount of time available in the Achievable Potential workshop for the discussion of energy 
efficiency opportunities was limited. Consequently, the energy efficiency opportunity areas 
shown in Exhibit 11.4 were selected based primarily on the basis that they represent a significant 
portion of the energy savings potential identified in the Economic Potential Forecast. Where two, 
or more, opportunities offered similar levels of potential energy savings, consideration was also 
given to whether discussion of the selected opportunity area in the workshop would provide 
insights into the participation rates to be used for related opportunities that could not be covered 
during the workshop. 
 
Seven energy efficiency opportunity areas were selected for discussion in the Residential sector 
workshop that was held on June 12, 2007.174 Exhibit 11.4 identifies the seven opportunity areas 
and shows the approximate percentage that it represents of the total Residential sector potential 
contained in the Economic Potential forecast. 
 

Exhibit 11.4: Residential Sector Opportunity Areas – Energy Efficiency 
 

Opportunity 
Area 

Title 
Approximate 

% of Economic 
Savings Potential 

R1 Convert Incandescent Lamps to Standard CFLs 13 
R2 Smart Bars to Reduce Standby Losses in Household Electronics 12 
R3 Energy Star Clothes Washer 11 
R4 Heat Pump Water Heater 9 
R5 Wall Insulation in Existing Housing 8 
R6 Whole House Fans 5 
R7 EnerGuide 80 in New Housing 2 

 
� Step 2: Create Opportunity Profiles 
 
The next step involved the development of brief profiles for the priority opportunity areas noted 
above in Exhibit 11.4. A sample profile for Opportunity R1 (Residential CFLs) is presented in 
Exhibit 11.5.  
 
The purpose of the Opportunity Profiles was to provide a “high-level” logic framework that 
would serve as a guide for participant discussions in the Achievable workshop. The intent was to 
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 The Residential sector Achievable Potential workshop also addressed Electric Peak Load reduction opportunities; these are 
reported separately in the following Section 12. 
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define a broad rationale and direction without getting into the much greater detail required of 
program design, which, as noted previously, is beyond the scope of this project.  
 

Exhibit 11.5: Sample Opportunity Profile 

                                                 
 
175

 Subsequent to the workshop, it was noted that potential issues related to mercury in CFLs could affect future disposal costs. 

R1: Convert Incandescent Lamps to Standard CFLs 
Overview: 
� This Opportunity will encourage consumers to convert their household lighting from incandescent bulbs to 

Compact Fluorescent bulbs (CFLs). Standard CFL refers to relatively low-cost lamps in relatively high-use 
fixtures. There is additional cost effective potential from higher cost, specialty CFLs for dimmable and odd-
shaped applications however the greatest potential results from the standard type.  

� Standard CFLs can save up to 80% of electricity use per fixture and are considered capable of achieving a very 
high market penetration.  

Target Technologies and Dwelling Types: 
� Coil or regular bulb shaped non-dimmable CFLs for high-use fixtures 
� The focus dwelling type for this discussion is single family dwellings in the Lower Mainland region 
Opportunity Costs and Savings Profile: 
� Typical cost per application is in the range of $3 
� Annual electricity savings per fixture are estimated to be in the range of 56 kWh/yr  
� Customer payback is approximately 0.56 years 
� The CCE for this opportunity is 0.008 $/kWh  
� Potential energy performance or technology price trends affecting this Opportunity include:  
� The price of CFLs has been decreasing and this trend is expected to continue175 
� It is still not possible to find CFLs to fit all applications. Increased versatility of design will affect this 

opportunity 
Target Audience(s)& Potential Delivery Allies: 
� Homeowners and renters 
� Builders/developers 
� Lighting consultants / retailers 
� Federal/provincial home energy audit programs (e.g. EcoEnergy) 
Constraints & Challenges: 
� Low awareness and education of upgraded CFL technology re: colour rendition (warm white), converting 

lumen output 
� Technology for some applications such as dimmable not fully developed (poor turndown, interference with 

home audio) 
� Awareness and education of appropriate applications and conditions (e.g. Cold weather requires specialty bulb, 

high frequency of switching on and off is not appropriate etc.) 
� Non Energy Star, poor quality, CFL’s with poor operating performance and service life, stark colour rendition 
Opportunities & Synergies: 
� Increased municipal green building programs (e.g. Whistler Housing, Smart Growth New Westminster, City of 

Saanich) 
� Rumoured and pending provincial/ regional/ municipal legislation or bylaws (witness Province of Ontario ) 
“Discussion Starter” Participation Rates: 
� Between March 2002 and December 2005, the Power Smart (PS) CFL Program encouraged residential 

customers to adopt CFLs and torchieres through monetary incentives and giveaways: 
� Net Cumulative Energy Savings = 340 GWh 
� Participants = 703,042 (95.2% CFLs) 
� 2.16 million bulbs (98.4% CFLs) 
� 55% of households in 2006 had at least 1 CFL 
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As illustrated in Exhibit 11.5, each Opportunity Profile addresses the following areas: 
 

� Overview – provides a summary statement of the broad goal and rationale for the 
opportunity. 

 
� Target Technologies and Dwelling Types – highlights the major technologies and the 

dwelling types where the most significant Opportunities have been identified in the 
Economic Potential forecast.  

 
� Opportunity Costs and Savings Profile – provides information on the financial 

attractiveness of the opportunity from the perspective of both the customer and BC 
Hydro. 

 
� Target Audiences and Potential Delivery Allies – identifies key market players that 

would be expected to be involved in the actual delivery of services. The list of 
stakeholders shown is intended to be “indicative” and is by no means comprehensive. 

 
� Constraints and Challenges – identifies key market barriers that are currently 

constraining the increased penetration of energy-efficient technologies or measures. 
Interventions for addressing the identified barriers are noted. Again, it is recognized that 
the interventions are not necessarily comprehensive; rather, their primary purpose was to 
help guide the workshop discussions.  

 
� Opportunities and Synergies – identifies information or possible synergies with other 

Opportunities that may affect workshop participant views on possible customer 
participation rates. 

 
� “Discussion Starter” Participation Rates – provides benchmark data on the past 

performance of DSM programs, where available. 
 
� Step 3: Prepare Draft Opportunity Assessment Worksheets 
 
A draft Assessment Worksheet was prepared for each Profile in advance of the Achievable 
workshop. The Assessment Worksheets complemented the information contained in the 
Opportunity Profiles by providing quantitative data on the potential energy savings for each 
opportunity as well as providing information on the size and composition of the eligible 
population of potential participants. Energy impacts and population data were taken from the 
detailed modelling results contained in the Economic Potential forecast. 
 
A sample Assessment Worksheet for Opportunity R1 – Convert Incandescent Lamps to Standard 
CFLs is presented in Exhibit 11.6 (Worksheets for the remaining opportunity areas are provided 
in Appendix K). As illustrated in Exhibit 11.6, each Opportunity Assessment Worksheet 
addresses the following areas: 
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� Economic Potential, Annual Savings – shows the total economically attractive potential 
for electricity savings, by milestone period, for the measures included in the opportunity 
area.  

 
� Customer Payback – shows the simple payback from the customer’s perspective for the 

package of energy efficiency measures included in the opportunity area. This information 
provided an indication of the level of attractiveness that the opportunity measures would 
present to customers.  
�  

� Cost of Conserved Energy (CCE) – shows the approximate Cost of Conserved Energy 
(CCE) for the measure(s) included within each opportunity area. Where multiple 
measures are included, a weighted average value is presented. The CCE provides an 
indication of the relative economic attractiveness of the energy efficiency measures from 
BC Hydro’s perspective. For the purposes of the workshop, this information provided 
participants with an indication of the scope for using financial incentives to influence 
customer participation rates. The CCE value combined with the preceding customer 
payback information provided an important reference point for the workshop participants 
when considering potential participation rates. The combined information enabled 
participants to “roughly” estimate the level of financial incentives that could be employed 
to increase the opportunity’s attractiveness to customers without making the measures 
economically unattractive to BC Hydro.  

 
� Total Applicable Participants – shows the total population of potential participants that 

could theoretically take part in the opportunity area. Numbers shown are from the eligible 
populations used in the Economic Potential forecasts. The definition of “participant” 
varies by opportunity area. In the example shown, a participant is defined as a 
“dwelling.” 

 
� Achievable Participation Rates – show the percentage of economic savings that 

workshop participants concluded could be achievable in each milestone period. As noted 
in the introduction to this section, two Achievable scenarios are shown: Lower and 
Upper. For example, Exhibit 11.6 shows a participation rate of 18% (Lower) and 50% 
(Upper) in existing single-family dwellings/duplexes by the year F2011. This means that 
by F2011, between 18% and 50% of the potential savings contained in the Economic 
Potential forecast could be achieved.  

 
� Potential Annual Savings – shows the calculated electricity savings in each milestone 

period based on the savings and participation rates presented in the preceding columns of 
the Worksheet. 

 
� Participants Affected – shows the number of participants that would be affected in order 

to achieve the electricity savings shown. 
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Exhibit 11.6: Sample Residential Sector Opportunity Assessment Worksheet  
 

 
 

R1: Lighting, CFLs - Standard: Economic Scenario, Residential Sector, Lower Mainland Region *

Existing/Renovated

F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026

Detached/Duplex 0.55 0.008$     281 266 242 236 18% 90% 51 240 44 213 50% 98% 141 261 121 231
Rowhouse/Townhouse 0.55 0.008$     46 45 53 53 18% 90% 8 40 9 47 50% 98% 23 44 26 51
Lowrise Apartments 0.55 0.008$     25 24 57 57 18% 90% 4 22 10 51 50% 98% 12 24 28 56
Highrise Apartments 0.55 0.008$     42 41 96 96 18% 90% 8 37 17 87 50% 98% 21 40 48 94
Mobile/Other 0.55 0.008$     9 9 14 14 18% 90% 2 8 3 13 50% 98% 4 8 7 14
Total 403 384 462 456 73 346 83 410 202 377 231 447

New

F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026

Detached/Duplex 0.55 0.008$     18 61 15 55 18% 90% 3 55 3 49 50% 98% 9 60 8 54
Rowhouse/Townhouse 0.55 0.008$     9 32 10 38 18% 90% 2 29 2 34 50% 98% 4 31 5 37
Lowrise Apartments 0.55 0.008$     2 9 5 22 18% 90% 0 8 1 20 50% 98% 1 9 3 21
Highrise Apartments 0.55 0.008$     4 17 10 41 18% 90% 1 15 2 37 50% 98% 2 17 5 40
Mobile/Other 0.55 0.008$     1 4 1 7 18% 90% 0 4 0 6 50% 98% 0 4 1 7
Total 34 123 41 162 6 111 7 146 17 121 21 159

Grand Total 437 508 503 617 79 457 91 556 218 498 252 605

NOTES:
* The Standard CFL refers to relatively low-cost lamps in relatively high-use fixtures. There is additional cost effective potential from higher cost, specialty CFLs for dimmable and odd-shaped applications.
** In this case, numbers of Eq Dwellings refer to equivalent complete dwellings converted over to CFL. Thus, if 80% of the lighting hours in 100 houses are converted to CFL, that is the same as 100% of the lighting hours in 80 
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� Step 4: Achievable Potential Workshop 
 
The most critical step in developing the estimates of Achievable Potential was a one-day 
Achievable Potential workshop that was held on June 12, 2007. Workshop participants consisted 
of core members of the consultant team, members of the External Review Panel (ERP), and 
DSM program personnel from BC Hydro. Together, the participating personnel brought many 
years of experience to the workshop related to the technologies and markets as well as the design 
and delivery of energy efficiency programs in British Columbia 
 
The purpose of this workshop was twofold: 
 
� To promote discussion regarding the technical and market conditions confronting the 

identified energy efficiency opportunities.  
  
� To compile participant views related to how much of the identified economic savings 

could realistically be achieved over the study period.  
 
The discussion of each opportunity area began with a brief consultant presentation. The floor 
was then opened to participant discussion. Key areas that were explored for each opportunity 
area included: 
 
� Target audiences and potential delivery allies 
� Constraints, barriers and challenges 
� Potential opportunities and synergies  
� Estimates of Lower Achievable and Upper Achievable for milestone years 
� Guidelines for consultants for extrapolating to related opportunities and other regions of 

B.C.  
 
Following discussion of the broad market and intervention conditions affecting the opportunity 
area, workshop participant views were recorded on Lower and Upper customer participation 
rates. To facilitate this portion of the workshop, the discussion of the Residential sector 
opportunity areas focused initially on single-family detached dwellings in the Lower Mainland 
(unless otherwise noted). The following four-step process was employed:176 
 
� The participation rate for the Upper Potential in F2026 was estimated. As noted 

previously, this participation rate was “roughly” defined as 100% of the Economic 
Potential minus the market share represented by the “can’t” or ‘won’t” population.  

 
� The participation rate for the Lower Potential in F2011 was estimated. This value 

provided a more concrete (only 3.5 years into the future) and pragmatic, short-term 
outlook.  

 
� The shape of the adoption curve was selected for both the Upper and the Lower 

scenarios. Rather than seek consensus on the specific values to be employed in each of 

                                                 
 
176

 Some minor variations on these steps occurred, depending on the specific opportunity area; however, the general approach 
was applied across the range of opportunity areas. 
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the intervening milestone years, workshop participants selected one of four curve shapes 
that best matched their view of the appropriate “ramp-up” rate for each opportunity.  

 
Exhibit 11.7 shows the four curves that were used in the workshop discussions. 

 
� Curve A represents a steady increase in the expected participation rate over the 20-year 

study period. 
 
� Curve B represents a relatively slow participation rate during the first half of the 20-year 

study period followed by a rapid growth in participation during the second half of the 20-
year study period. 

 
� Curve C represents a rapid initial participation rate followed by a relatively slow growth 

in participation during the remainder of the 20-year study period. 
 
� Curve D represents a very rapid initial participation rate that results in virtual full 

saturation of the applicable market during the first milestone period of the 20-year study 
period. 

 
Exhibit 11.7: Adoption Curve Shapes (F2006 to F2026) 

 
Curve A Curve B Curve C Curve D 
 
 
 
 
 

   

 
Finally, as applicable, workshop participants provided guidelines to the consultants for 
extrapolating the results of the workshop discussion to the remaining subsectors and service 
regions.177  
 
� Step 5: Extrapolate Workshop Results to Remaining Opportunities 
 
As noted earlier, it was not possible to fully address all opportunities in the one-day workshop. 
Consequently, the workshop focused on the “big ticket” opportunities; participation rates for the 
remaining opportunities were completed by the consultants, guided by the workshop results and 
discussions. The values shown in the summary tables and attached appendices incorporate the 
results of the two sets of inputs. 
 
� Step 6:  Aggregate Achievable Potential Results 
 
The final step involved aggregating the results of the individual opportunity areas to provide a 
view of the potential Achievable savings for the total Residential sector. 

                                                 
 
177

 The Residential sector workshop was not able to address all seven of the opportunity areas due to time constraints. 
Consequently, participant views were collected following the workshop via an email survey. 
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11.4 WORKSHOP RESULTS 
 
The following subsection provides a summary of the participation rates established by the 
workshop participants for each of the opportunity areas that were discussed during the 
Residential Achievable Potential workshop. As noted previously, the seven Residential sector 
opportunity areas were: 
 
� R1 – Convert Incandescent Lamps to Standard CFLs 
� R2 – Smart Bars to Reduce Standby Losses in Household Electronics 
� R3 – Energy Star Clothes Washer 
� R4 – Heat Pump Water Heater 
� R5 – Wall Insulation in Existing Housing 
� R6 – Whole House Fans 
� R7 – EnerGuide 80 in New Housing. 
 
Further detail on each of the above opportunity areas is provided below; as applicable, the 
following information is provided for each: 
 
� Summary of Upper (F2026) and Lower (F2011) achievable participation rates 
� Shape of Adoption Curve selected by the workshop participants 
� Guidelines provided to the consultants related to extrapolating the workshop discussion 

results to other subsectors and service regions 
� Highlights of key issues arising during the workshop discussions 
� Summary of major assumptions employed by the consultants for extrapolating the 

workshop results to other opportunity areas. 
 
11.4.1 R1 – Convert Incandescent Lamps to Standard CFLs 
 

Workshop participants concluded that, under the conditions represented by the Upper 
Achievable scenario, participation rates up to 50% could be achieved in single 
detached/duplex homes in Lower Mainland by F2011, increasing to 98% by F2026.  

 
Under the more modest market conditions represented by the Lower Achievable scenario, 
participation rates up to 18% could be achieved in single detached/duplex homes in 
Lower Mainland by F2011, increasing to 90% by F2026.  
 
These participation rates represent a percentage of the possible movement from the 
reference levels of CFL use to full use of CFLs in all standard applications. The reference 
levels are currently approximately 25% of lumen-hours in an average household. Full use 
in standard applications means CFLs in fixtures and lamps with relatively high hours of 
use and no unusual requirements for such things as dimming – this would represent 
approximately 80% of lumen-hours in a household. The other 20% of lumen-hours are 
associated with lighting for which a standard CFL would not apply, and are covered by 
other lighting measures, such as the specialty CFL or the T8 linear fluorescent. 
 
Workshop participants did not use the standard adoption curves for this measure. 
Participation rates were identified for each of the intervening milestone years. 
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Participants noted that participation rates in other service regions would be similar to the 
above Lower Mainland values. However, participation rates in other dwelling types 
would be moderately lower. 

 
 Selected highlights from the discussion of this opportunity area are listed below: 
 

� By 2026, many participants believed that most technical issues related to such things 
as colour rendition would have been resolved. 

� Legislation was assumed to play a role, particularly in the later milestone periods. 
The influence of BC Hydro in setting the legislative agenda is significant. 

� CFLs that are currently in place are assumed to be installed in relatively high use 
fixtures. It becomes progressively more difficult to capture each succeeding slice of 
lumen-hours, because the less-used fixtures are less economically attractive to 
convert. This consideration reduced the participation rates considered reasonable for 
2011. 

� Participants identified disposal as a major issue that must be resolved. 
� It was noted that range of wattage and special purpose applications remain a 

constraint today but are expected to be addressed in the near future. 
 

The preceding results were used as a reference point for estimating participation rates 
related to other lighting opportunities in the Residential sector. Highlights are provided 
below: 
 
� Participation rates for standard CFLs were also applied to LED holiday lighting, 

motion sensors and timers. 
� T8 lighting in apartment buildings drew on the participation rates identified during 

the Commercial sector Achievable workshop. 
 

11.4.2 Smart Bars to Reduce Standby Losses in Household Electronics 
 
Workshop participants concluded that, under the conditions represented by the Upper 
Achievable scenario, participation rates up to 10% could be achieved in single 
detached/duplex homes in Lower Mainland by F2011, increasing to 90% by F2026.  

 
Under the more modest market conditions represented by the Lower Achievable scenario, 
participation rates up to 5% could be achieved in single detached/duplex homes in Lower 
Mainland by F2011, increasing to 60% by F2026.  
 
These participation rates represent a percentage of the possible movement from use of 
these devices in the Reference Case (essentially zero) to full use for all televisions and 
peripherals. The discussion focused on televisions and their peripherals, but conditions 
were expected to be similar for other electronics in the household. 
 
Workshop participants did not use the standard adoption curves for this measure. 
Participation rates were identified for each of the intervening milestone years. 
Participants noted that participation rates in other service regions would be similar to the 
above Lower Mainland values.  
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Selected highlights from the discussion of this opportunity area are listed below: 
 

� Much of the discussion focused on the difficulty of integrating the behaviour of 
various electronic components with the evolving products available for shutting them 
off. There are Smart Bars or related products in the marketplace with most of the 
functionality required, but some of the peripherals are not yet designed to work well 
with them. Both the Smart Bars and the items they control need to evolve in parallel, 
likely with the influence of incentives or standards, for this approach to controlling 
standby losses to be widely adopted. 

 
� There was a consensus ultimately that even if the technology as specifically described 

in this opportunity is not the dominant one in the marketplace in 2026, some kind of 
fix for the waste associated with standby losses will emerge. The participation rates 
chosen reflect that consensus. 

 
The preceding results were used as a reference point for estimating participation rates 
related to other lighting opportunities in the Residential sector. Highlights are provided 
below: 
 
� Participation rates for Energy Star televisions and LCD computer monitors were 

assumed to follow a similar pattern to this opportunity. 
 
11.4.3 Energy Star Clothes Washer 
 

Workshop participants concluded that, under the conditions represented by the Upper 
Achievable scenario, participation rates up to 90% could be achieved in single 
detached/duplex homes in Lower Mainland by F2026. Due to time constraints, 
participants did not identify a projected participation rate in F2011 or complete 
consideration of the Lower Achievable scenario.  

 
Workshop participants agreed that Adoption Curve B represented the best fit; they also 
noted that participation rates in other service regions and dwelling types would be similar 
to the above Lower Mainland values.  

 
Selected highlights from the discussion of this opportunity area are listed below: 

 
� Discussion was based on the assumption that the standard appliance would steadily 

improve over the study period and the Energy Star appliance would also improve. It 
was also assumed that there would always be a premium price associated with the 
premium efficiency. The discussion was neutral about whether the Energy Star 
washer was a top-loader or a front-loader. 

� Energy Star is usually targeted at permitting 25% of the appliances on the market to 
qualify, but this is based on North America as a whole. Market share for Energy Star 
in B.C. can be pushed beyond North American averages. 

 
The preceding results were used as a reference point for estimating participation rates 
related to other major household appliance opportunities in the Residential sector. 
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Participation rates for washers were also used for the refrigerator, freezer and dishwasher 
measures. 

 
11.4.4 Heat Pump Water Heater 
 

This opportunity area was not discussed in the workshop due to time constraints; 
however, participants provided email responses immediately following the workshop.  
 
For the Upper Achievable scenario, participation rates provided in the email responses 
ranged from 3% to 50% for F2011 and from 15% to 95% for F2026. Based on these 
responses and the consultants’ understanding of the market conditions affecting this 
opportunity area, participation rates of 13% and 54% were selected for, respectively, 
F2011 and F2026.  

 
For the Lower Achievable scenario, participation rates provided in the email responses 
ranged from 0 to 10% for F2011 and from 5% to 60% for F2026. Based on these 
responses and the consultants’ understanding of the market conditions affecting this 
opportunity area, participation rates of 3% and 25% were selected for, respectively, 
F2011 and F2026.  
 
The majority of email responses indicated that Adoption Curve C was the most 
applicable choice. 

 
11.4.5 Wall Insulation in Existing Housing  
 

This opportunity area was not discussed in the workshop due to time constraints; 
however, participants provided email responses immediately following the workshop.  
 
For the Upper Achievable scenario, participation rates provided in the email responses 
ranged from 2% to 25% for F2011 and from 10% to 98% for F2026. Based on these 
responses and the consultants’ understanding of the market conditions affecting this 
opportunity area, participation rates of 8% and 45% were selected for, respectively, 
F2011 and F2026.  

 
For the Lower Achievable scenario, participation rates provided in the email responses 
ranged from 1% to 10% for F2011 and from 5% to 75% for F2026. Based on these 
responses and the consultants’ understanding of the market conditions affecting this 
opportunity area, participation rates of 3% and 25% were selected for, respectively, 
F2011 and F2026.  
 
The email responses indicated that Adoption Curves A and C were equally likely choices 
for the Lower Achievable, but Curve B was the most applicable choice for the Upper 
Achievable.  
 
The preceding results were used as a reference point for estimating participation rates 
related to other major building envelope opportunities in the Residential sector. 
Highlights are provided below: 
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� Similar participation rates were used for super high-performance windows. 
� Attic insulation and air leakage sealing were assumed to be 150% of wall insulation 

rates, as they are both easier and less expensive to install. 
 
11.4.6 Whole House Fans 

 
This opportunity area was not discussed in the workshop due to time constraints; 
however, participants provided email responses immediately following the workshop.  
 
For the Upper Achievable scenario, participation rates provided in the email responses 
ranged from 2% to 20% for F2011 and from 15% to 98% for F2026. Based on these 
responses and the consultants’ understanding of the market conditions affecting this 
opportunity area, participation rates of 8% and 43% were selected for, respectively, 
F2011 and F2026.  

 
For the Lower Achievable scenario, participation rates provided in the email responses 
ranged from 0 to 10% for F2011 and from 5% to 75% for F2026. Based on these 
responses and the consultants’ understanding of the market conditions affecting this 
opportunity area, participation rates of 3% and 21% were selected for, respectively, 
F2011 and F2026. 
 
The majority of email responses indicated that Adoption Curve A was the most 
applicable choice. 

 
11.4.7 EnerGuide 80 in New Housing 

 
This opportunity area was not discussed in the workshop due to time constraints; 
however, participants provided email responses immediately following the workshop.  
 
For the Upper Achievable scenario, participation rates provided in the email responses 
ranged from 25% to 40% for F2011 and from 95% to 100% for F2026. Based on these 
responses and the consultants’ understanding of the market conditions affecting this 
opportunity area, participation rates of 31% and 99% were selected for, respectively, 
F2011 and F2026.  

 
For the Lower Achievable scenario, participation rates provided in the email responses 
ranged from 5% to 20% for F2011 and from 70% to 90% for F2026. Based on these 
responses and the consultants’ understanding of the market conditions affecting this 
opportunity area, participation rates of 17% and 82% were selected for, respectively, 
F2011 and F2026. 
 
The majority of email responses indicated that Adoption Curve B was the most 
applicable choice. 
 
The preceding results were used as a reference point for estimating participation rates 
related to other major new construction opportunities in the Residential sector. Similar 
participation rates were used for R2000 Housing. 



BC Hydro Conservation Potential Review 2007  –Residential Sector– 

 

Marbek Resource Consultants Ltd.  Page 201 

 
11.4.8 Extrapolated Participation Rates – Remaining Energy Efficiency Opportunities 
 

As noted previously, the workshop results and follow up email responses were used as a 
reference point, combined with consultant experience, to estimate participation rates for 
the remaining energy efficiency opportunities that are contained in the Economic 
Potential forecast. 
 
Exhibits 11.8 and 11.9 provide, respectively, a summary of the estimated Upper and 
Lower participation rates for the remaining energy efficiency opportunities. As 
illustrated, each exhibit shows: 
 
� Workshop reference number, which refers to the package of Opportunity Profiles that 

were provided to workshop participants 
� The affected technology 
� The participation rates for each of the milestone years 
� Notes that illustrate sources used by the consultant when estimating the participation 

rates shown. 
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Exhibit 11.8: Participation Rates – Upper Achievable Potential 
 

Workshop 
Reference #

Technology

F
20

11

F
20

16

F
20

21

F
20

26

Notes

R1 CFLs - Standard 50% 80% 89% 98% R1: Workshop input
R2 Standby Losses 10% 20% 60% 90% R2: Workshop input
R3 Energy Star Washing Machine 5% 14% 43% 90% R3: Workshop input
R4 Heat Pump Water Heater 5% 10% 27% 54% R4: Post-workshop input
R5 Wall Insulation 8% 29% 41% 45% R5: Post-workshop input
R6 Whole House Fans 8% 20% 31% 43% R6: Post-workshop input
R7 New House Designed to an EGNH 80 Rating 31% 69% 91% 99% R7: Post-workshop input

Super High Performance Windows 8% 29% 41% 45% Based on R5 input
Energy Star Windows 100% 100% 100% 100% Legislative change
Attic Insulation 12% 44% 62% 68% Based on R5 input X 150%
Air Leakage Sealing 12% 44% 62% 68% Based on R5 input X 150%
R2000 Rated Home 31% 69% 91% 99% Based on R7 input
LEED Rated Apartment Building 10% 20% 40% 90% C6: Workshop input
Programmable Thermostats 50% 80% 89% 98% Based on R1 input
Air Source Heat Pump 50% 80% 89% 98% Based on R1 input, because it can have a high adoption if pushed
High Efficiency AC 50% 80% 89% 98% Based on R1 input, because it can have a high adoption if pushed
Furnace Fan Motor (ECPMM) 50% 80% 89% 98% Based on R1 input, because it can have a high adoption if pushed
Low-Flow Showerheads and Faucets 50% 80% 89% 98% Based on R1 input, because it can have a high adoption if pushed
DHW Tank Insulating Blanket 50% 80% 89% 98% Based on R1 input, because it can have a high adoption if pushed
DHW Pipe Wrap 50% 80% 89% 98% Based on R1 input, because it can have a high adoption if pushed
DHW Heat Trap 1% 2% 3% 4% Only viable where plumber visiting house with old DHW for other reasons
Energy Star Fridge 5% 14% 43% 90% Based on R3 input
Energy Efficient Freezer 5% 14% 43% 90% Based on R3 input
Energy Star Dishwasher 5% 14% 43% 90% Based on R3 input
LCD Computer Monitor 10% 20% 60% 90% Based on R2 input
Energy Star TV 10% 20% 60% 90% Based on R2 input
LED Holiday Lights 50% 80% 89% 98% Based on R1 input
Timer 50% 80% 89% 98% Based on R1 input
Motion Sensor 50% 80% 89% 98% Based on R1 input
Standard T8 Lighting - Common Areas 22% 45% 67% 98% C1: Workshop input
High Performance T8 Lighting - Common Areas 31% 69% 91% 98% C2: Workshop input
Insulating Pool Covers 50% 80% 89% 98% Based on R1 input, because it can have a high adoption if pushed

 Participation RatesMeasure Information
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Exhibit 11.9: Participation Rates – Lower Achievable Potential 

Workshop 
Reference #

Technology

F
20

11

F
20

16

F
20

21

F
20

26

Notes

R1 CFLs - Standard 18% 40% 75% 90% R1: Workshop input
R2 Standby Losses 5% 10% 30% 60% R2: Workshop input
R3 Energy Star Washing Machine 5% 10% 15% 50% R3: Workshop input
R4 Heat Pump Water Heater 3% 5% 13% 25% R4: Post-workshop input
R5 Wall Insulation 3% 8% 15% 25% R5: Post-workshop input
R6 Whole House Fans 3% 9% 15% 21% R6: Post-workshop input
R7 New House Designed to an EGNH 80 Rating 17% 53% 75% 82% R7: Post-workshop input

Super High Performance Windows 3% 8% 15% 25% Based on R5 input
Energy Star Windows 100% 100% 100% 100% Legislative change
Attic Insulation 5% 12% 23% 38% Based on R5 input X 150%
Air Leakage Sealing 5% 12% 23% 38% Based on R5 input X 150%
R2000 Rated Home 17% 53% 75% 82% Based on R7 input
LEED Rated Apartment Building 5% 10% 20% 50% C6: Workshop input
Programmable Thermostats 18% 40% 75% 90% Based on R1 input
Air Source Heat Pump 18% 40% 75% 90% Based on R1 input, because it can have a high adoption if pushed
High Efficiency AC 18% 40% 75% 90% Based on R1 input, because it can have a high adoption if pushed
Furnace Fan Motor (ECPMM) 18% 40% 75% 90% Based on R1 input, because it can have a high adoption if pushed
Low-Flow Showerheads and Faucets 18% 40% 75% 90% Based on R1 input, because it can have a high adoption if pushed
DHW Tank Insulating Blanket 18% 40% 75% 90% Based on R1 input, because it can have a high adoption if pushed
DHW Pipe Wrap 18% 40% 75% 90% Based on R1 input, because it can have a high adoption if pushed
DHW Heat Trap 1% 2% 3% 4% Only viable where plumber visiting house with old DHW for other reasons
Energy Star Fridge 5% 10% 15% 50% Based on R3 input
Energy Efficient Freezer 5% 10% 15% 50% Based on R3 input
Energy Star Dishwasher 5% 10% 15% 50% Based on R3 input
LCD Computer Monitor 5% 10% 30% 60% Based on R2 input
Energy Star TV 5% 10% 30% 60% Based on R2 input
LED Holiday Lights 18% 40% 75% 90% Based on R1 input
Timer 18% 40% 75% 90% Based on R1 input
Motion Sensor 18% 40% 75% 90% Based on R1 input
Standard T8 Lighting - Common Areas 22% 45% 67% 90% C1: Workshop input
High Performance T8 Lighting - Common Areas 10% 23% 37% 50% C2: Workshop input
Insulating Pool Covers 18% 40% 75% 90% Based on R1 input, because it can have a high adoption if pushed

Measure Information Participation Rates
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11.5 SUMMARY OF ACHIEVABLE ELECTRIC ENERGY SAVINGS 
 
Exhibit 11.10 provides a summary of the achievable electricity savings under both the Lower and 
Upper scenarios. As illustrated, under the Reference Case residential electricity use would grow 
from the Base Year level of 16,106 GWh/yr to approximately 22,156 GWh/yr by F2026. This 
contrasts with the Upper Achievable scenario in which electricity use would increase to 
approximately 18,963 GWh/yr for the same period, a difference of approximately 3,193 GWh/yr. 
Under the Lower Achievable scenario, electricity use would increase to approximately 19,861 
GWh/yr for the same period, a difference of approximately 2,295 GWh/yr. 
 

Exhibit 11.10: Reference Case versus Upper and Lower Achievable Potential Electric 
Energy Consumption in Residential Sector for the Total BC Hydro Service Area (GWh/yr) 
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Further detail on the total potential electric energy savings provided by the Economic Potential 
forecast is provided in the following exhibits: 
 
� Exhibits 11.11 and 11.12, respectively, present the Upper and Lower Achievable results by 

end use, dwelling type and milestone year for the total BC Hydro service area (results by 
region are presented in Appendix L). 

 
� Exhibits 11.13 and 11.14 present, respectively, Upper and Lower Achievable savings in 

F2026 by major end use and dwelling type 
 
� Exhibits 11.15 and 11.16, respectively, present Upper and Lower Achievable savings in 

F2026 by major end use and service region. 
 
Appendix M provides a monthly breakdown of the F2011 Upper and Lower Achievable 
Potential results for the total BC Hydro service area. 
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Exhibit 11.11: Summary of Annual Electricity Savings for the Total BC Hydro Service Area by End Use and Dwelling Type, 
Upper Achievable Potential  
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F2011 535 66 12 26 56 0 0 0 0 0 3 312 1 0 4 0 53 0 0
F2016 1,122 257 33 69 93 0 1 0 2 2 14 514 12 2 25 1 95 0 0
F2021 1,696 393 66 118 143 0 8 3 4 6 47 585 50 18 116 3 136 0 0
F2026 2,213 509 116 179 216 0 21 8 4 9 64 655 68 40 162 4 159 0 0

F2011 60 3 1 2 10 0 0 0 0 0 0 42 0 0 1 0 1 0 0
F2016 139 26 3 6 18 0 0 0 0 0 2 74 2 0 4 0 2 0 0
F2021 239 49 6 11 31 0 2 1 1 1 8 92 9 3 21 1 4 0 0
F2026 346 78 10 17 50 0 5 3 1 2 12 109 13 8 33 1 4 0 0

F2011 45 5 1 2 4 0 0 0 0 0 0 32 0 0 0 0 1 0 0
F2016 84 7 2 3 6 0 0 0 0 0 1 58 2 0 4 0 2 0 0
F2021 138 11 3 5 10 0 0 0 0 0 3 75 7 3 17 0 3 0 0
F2026 188 28 5 8 13 0 0 0 0 1 5 82 11 6 25 1 3 0 0

F2011 59 2 1 2 5 0 0 0 0 0 0 47 0 0 0 0 0 0 0
F2016 117 3 2 4 8 0 0 0 0 0 1 89 2 0 5 0 1 0 0
F2021 190 0 4 7 15 0 0 0 1 1 5 119 11 4 23 1 1 0 0
F2026 252 12 6 12 20 0 0 0 1 1 7 132 15 9 35 1 2 0 0

F2011 42 1 1 1 13 0 0 0 0 0 0 23 0 0 0 0 3 0 0
F2016 77 0 2 1 22 0 0 0 0 0 2 39 1 0 3 0 5 0 0
F2021 128 -4 4 1 37 0 1 1 0 1 6 48 5 3 17 0 7 0 0
F2026 194 -6 6 2 63 0 4 4 1 1 10 57 8 6 27 1 10 0 0

F2011 740 76 16 33 88 0 0 0 1 1 4 456 1 0 6 0 58 0 0
F2016 1,537 293 43 83 147 0 1 0 2 3 20 774 20 3 42 1 105 0 0
F2021 2,391 450 83 142 235 0 11 6 6 9 69 919 83 30 194 5 151 0 0
F2026 3,193 622 142 218 362 0 30 16 7 13 98 1,034 115 69 282 6 178 0 0

TOTAL

Mobile

High-rise Apartment

Low-rise Apartment

Residential
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Notes:  
1) Results are measured at the customer’s point-of-use and do not include line losses.  
2) Any differences in totals are due to rounding.  
3) In the above Exhibit a value displays as 0 if it is between 0 and 0.5. Totals are calculated using the actual numerical value.  
4) Negative values in the Space Heating end use are a result of the reduction in internal heat gains due to lighting and appliance measures being greater than any 
savings from Space Heating measures. 
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Exhibit 11.12: Summary of Annual Electricity Savings for the Total BC Hydro Service Area by End Use and Dwelling Type, 

Lower Achievable Potential 
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F2011 202 25 4 10 24 0 0 0 0 0 3 113 0 0 2 0 20 0 0
F2016 529 86 16 32 52 0 1 0 1 1 11 259 6 1 13 0 49 0 0
F2021 1,116 185 38 78 93 0 3 1 2 3 23 494 25 9 58 1 101 0 0
F2026 1,607 341 68 136 131 0 10 4 2 4 32 602 37 24 88 2 125 0 0

F2011 25 3 0 1 4 0 0 0 0 0 0 15 0 0 0 0 0 0 0
F2016 75 17 1 3 10 0 0 0 0 0 2 37 1 0 2 0 1 0 0
F2021 170 36 4 7 20 0 1 0 0 0 4 78 5 2 11 0 3 0 0
F2026 260 66 6 13 30 0 2 2 0 1 6 100 7 5 19 0 3 0 0

F2011 22 4 0 1 2 0 0 0 0 0 0 15 0 0 0 0 0 0 0
F2016 50 7 1 2 4 0 0 0 0 0 1 32 1 0 2 0 1 0 0
F2021 94 9 2 4 6 0 0 0 0 0 2 56 4 1 8 0 2 0 0
F2026 126 16 3 5 7 0 0 0 0 0 2 65 6 4 14 0 3 0 0

F2011 31 2 1 1 2 0 0 0 0 0 0 23 0 0 0 0 0 0 0
F2016 68 3 1 3 5 0 0 0 0 0 1 50 1 0 3 0 0 0 0
F2021 125 0 3 5 8 0 0 0 0 0 2 87 5 2 12 0 1 0 0
F2026 165 4 4 8 11 0 0 0 0 0 4 99 8 5 20 0 1 0 0

F2011 16 0 0 0 5 0 0 0 0 0 0 8 0 0 0 0 1 0 0
F2016 40 0 1 1 12 0 0 0 0 0 1 20 1 0 1 0 3 0 0
F2021 88 -2 3 1 23 0 1 1 0 0 3 40 3 1 8 0 6 0 0
F2026 136 -3 5 2 38 0 2 2 0 1 5 52 5 4 15 0 8 0 0

F2011 296 34 6 13 37 0 0 0 1 1 4 174 1 0 3 0 22 0 0
F2016 762 113 21 41 83 0 1 0 2 2 16 397 10 1 21 1 54 0 0
F2021 1,593 228 50 96 150 0 4 2 3 4 33 755 42 15 97 2 112 0 0
F2026 2,295 424 86 164 217 0 15 8 4 7 49 919 63 41 156 3 140 0 0

Residential
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TOTAL

Mobile

High-rise Apartment

Low-rise Apartment

 
Notes:  
1) Results are measured at the customer’s point-of-use and do not include line losses.  
2) Any differences in totals are due to rounding.  
3) In the above Exhibit a value displays as 0 if it is between 0 and 0.5. Totals are calculated using the actual numerical value.  
4) Negative values in the Space Heating end use are a result of the reduction in internal heat gains due to lighting and appliance measures being greater than any 
savings from Space Heating measures. 
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Exhibit 11.13: Savings by Major End Use and Dwelling Type, Upper Achievable – 
F2026 

 
Exhibit 11.14: Savings by Major End Use and Dwelling Type, Lower Achievable – F2026 
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Exhibit 11.15: Savings by Milestone Year and Dwelling Type 

 
Exhibit 11.16: Savings by Milestone Year and Region 
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11.6 ACHIEVABLE ENERGY EFFICIENCY SUPPLY CURVES 
 
A supply curve was constructed based on the approximate Upper and Lower Achievable 
Potential savings associated with the above measures. The following approach was followed: 
 
� Measures are introduced in sequence and illustrate incremental impact and cost. 
� Sequence was determined by listing first the items that reduce the electrical load, then 

those that meet residual load with the most efficient technology. It includes consideration 
of CCE results from the preceding Exhibit. 

� Items appear in order of average CCE, beginning with the lowest cost. 
 
Exhibit 11.17 shows the measures included in the Upper Achievable supply curve and Exhibit 
11.18 shows the supply curve. Exhibit 11.19 shows the measures included in the Lower 
Achievable supply curve and Exhibit 11.20 shows the supply curve.  
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Exhibit 11.17: Summary of Residential Sector Upper Achievable Energy Efficiency 
Measures, F2026 

Whole House Fans 0.03-$                      87
LCD Computer Monitor 0.00$                      35
DHW Pipe Wrap 0.00$                      18
High Performance T8 Lighting - Common Areas 0.01$                      53
CFLs - Standard 0.01$                      699
Low-Flow Showerheads and Faucets 0.01$                      16
DHW Tank Insulating Blanket 0.01$                      37
Programmable Thermostats 0.02$                      176
Standby Losses 0.02$                      330
Timer 0.02$                      6
Super High Performance Windows 0.03$                      48
Heat Pumps for Swimming Pools 0.03$                      62
Replace air-source heat pump with a cold-climate heat pump (heating load 10 kWh/ft2yr)0.03$                      2
Energy Star Top Loading Clothes Washer 0.03$                      186
Motion Sensor 0.04$                      10
Energy Star Windows 0.04$                      36
Heat Pump Water Heater 0.04$                      169
LEED Rated Apartment Building 0.05$                      51
New House Designed to an EGNH 80 Rating 0.05$                      88
Standard T8 Lighting - Common Areas 0.06$                      12
Front Loading Washing Machine 0.06$                      9
Energy Star TV 0.07$                      47
Energy Star Fridge 0.07$                      26
Energy Star Dishwasher 0.07$                      30
LED Holiday Lights 0.08$                      74
CFLs Specialised 0.08$                      50
High Efficiency AC 0.08$                      9
Wall Insulation 0.08$                      197
Air Leakage Sealing 0.09$                      162
Energy Efficient Freezer 0.10$                      14
DHW Heat Trap 0.10$                      0
Ground Source Heat Pump in Commercial Buildings 0.11$                      5
Attic Insulation 0.11$                      1
Furnace Fan Motor (ECPMM) 0.11$                      152
Building recommissioning 0.11$                      60
Insulating Pool Covers 0.12$                      116
Air Source Heat Pump 0.13$                      121

Measure
Annual 
Savings 

(GWh/year)

Average CCE 
($/kWh)
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Exhibit 11.18: Upper Achievable Supply Curve for Residential Sector, F2026 
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Exhibit 11.19: Summary of Residential Sector Lower Achievable Energy Efficiency 
Measures, F2026 

Whole House Fans 0.03-$                      42
LCD Computer Monitor 0.00$                      19
DHW Pipe Wrap 0.00$                      17
High Performance T8 Lighting - Common Areas 0.01$                      21
CFLs - Standard 0.01$                      642
Low-Flow Showerheads and Faucets 0.01$                      14
DHW Tank Insulating Blanket 0.01$                      36
Programmable Thermostats 0.02$                      167
Standby Losses 0.02$                      182
Timer 0.02$                      6
Super High Performance Windows 0.03$                      21
Heat Pumps for Swimming Pools 0.03$                      33
Replace air-source heat pump with a cold-climate heat pump (heating load 10 kWh/ft2yr)0.03$                      1
Energy Star Top Loading Clothes Washer 0.03$                      92
Motion Sensor 0.04$                      10
Energy Star Windows 0.04$                      36
Heat Pump Water Heater 0.04$                      88
LEED Rated Apartment Building 0.05$                      27
New House Designed to an EGNH 80 Rating 0.05$                      77
Standard T8 Lighting - Common Areas 0.06$                      11
Front Loading Washing Machine 0.06$                      5
Energy Star TV 0.07$                      29
Energy Star Fridge 0.07$                      13
Energy Star Dishwasher 0.07$                      16
LED Holiday Lights 0.08$                      68
CFLs Specialised 0.08$                      46
High Efficiency AC 0.08$                      7
Wall Insulation 0.08$                      112
Air Leakage Sealing 0.09$                      90
Energy Efficient Freezer 0.10$                      7
DHW Heat Trap 0.10$                      0
Ground Source Heat Pump in Commercial Buildings 0.11$                      3
Attic Insulation 0.11$                      1
Furnace Fan Motor (ECPMM) 0.11$                      113
Building recommissioning 0.11$                      36
Insulating Pool Covers 0.12$                      107
Air Source Heat Pump 0.13$                      102

Measure
Annual 
Savings 

(GWh/year)

Average CCE 
($/kWh)
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Exhibit 11.20: Lower Achievable Supply Curve for Residential Sector, F2026 
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11.7 ELECTRIC PEAK LOAD IMPACTS 
 
Exhibits 11.21 and 11.22, respectively, present a summary of the peak load reductions that would 
occur as a result of the electric energy savings contained in Upper and Lower Achievable 
scenarios. The reductions are shown for the total BC Hydro service area by milestone year and 
peak period. In each case, the reductions are an average value over the peak period and are 
defined relative to the Reference Case presented previously in Section 4. Exhibit 11.23 shows the 
same information graphically for Peak Period 1. 
 
Achievable electric peak load reductions related to capacity-only measures are presented 
separately in the following Section 12. 

 
Exhibit 11.21: Electric Peak Load Reductions (MW) Relative to Reference Case for the 

Total BC Hydro Service Area by Milestone Year and Peak Period, 
Upper Achievable Scenario 

Period 1
Peak Hour

Period 2
Critical Peak Day

Period 3
Winter Peak Day

Period 4
Winter Peak Energy

F2011 222 224 177 151
F2016 422 422 349 302
F2021 614 611 516 453
F2026 810 806 689 600

Service 
Region

Peak Period
Milestone 

Year

Total BCH
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Exhibit 11.22: Electric Peak Load Reductions (MW) Relative to Reference Case for the 
Total BC Hydro Service Area by Milestone Year and Peak Period, 

Lower Achievable Scenario 
 

Period 1
Peak Hour

Period 2
Critical Peak Day

Period 3
Winter Peak Day

Period 4
Winter Peak Energy

F2011 89 90 71 61
F2016 209 209 173 150
F2021 409 407 344 301
F2026 582 579 495 432

Service 
Region

Peak Period
Milestone 

Year

Total BCH

 
 

Exhibit 11.23: Electric Peak Load Reductions (MW) for Peak Period 1 Relative to 
Reference Case for the Total BC Hydro Service Area by Milestone Year 
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12. ACHIEVABLE POTENTIAL – ELECTRIC PEAK LOAD 
 
12.1 INTRODUCTION 
 
This section presents the Residential sector Achievable Potential electric capacity reductions for 
the study period (F2006 to F2026). As in the preceding section, the Achievable Potential is 
defined as the proportion of the savings identified in the Economic Potential forecast that could 
realistically be achieved within the study period.  
 
The discussion of Residential sector Achievable Potential electric capacity reductions took place 
in the same workshop as was described in the preceding section. Consequently, the description of 
Achievable Potential and the approach employed for the capacity reduction opportunities are 
identical to those outlined in Section 11. This discussion in this section, therefore, is limited to 
the following subsections: 
 
� Capacity-specific approach and methodology 
� Workshop results – electric capacity savings 
� Summary of Achievable electric capacity savings. 
 
12.2 CAPACITY-SPECIFIC APPROACH AND METHODOLOGY 
 
Achievable Potential was estimated in a five-step approach, as described in the Electric Energy 
(Section 11). Each step is discussed below. 
 
� Step 1:  Select Priority Opportunities  
 
The energy efficiency opportunity areas selected for the workshop were based primarily on the 
need to present areas that were both significant in terms of impact and also in concept, reflecting 
that capacity-only measure technologies, approaches, marketing, delivery and calculations are 
new for the CPR process in 2007. As such, there is no history and familiarity by the reviewing 
parties. Two electric peak load reduction opportunity areas were selected for discussion in the 
Residential sector workshop.  
 
� R8 – Thermostat-based Utility Space Heat Load Control – This measure accounts for 

7.1% of the total Residential sector potential contained in the Economic Potential 
forecast. Only this opportunity was presented at the workshop due to time constraints. An 
additional 12.4% of total potential are accounted for by switch-based space heat control, 
which would be the alternative option for heating systems that could not be controlled by 
a central thermostat. 

 
� R9 – Residential Electric Thermal Storage (ETS) - This measure accounts for 54.8% 

of the total Residential sector potential contained in the Economic Potential forecast. This 
was not discussed at the workshop due to time constraints but instead via email feedback. 
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� Step 2: Create Opportunity Profiles 
 
The next step involved the development of brief profiles for the priority opportunity areas noted 
above. Profiles for Opportunities R8 (Residential Thermostat-based Utility Space Heat Load 
Control) and R9 (Residential Electric Thermal Storage) are presented in Exhibits 12.1 and 12.2.  

 
Exhibit 12.1: Opportunity Profile R8 

R8: Thermostat-based Utility Space Heat Load Control 

Overview: 
This Opportunity is accomplished by the installation of a remote communicating thermostat that allows control of 
heating (and also cooling, in some cases) and facilitates utility remote control of the thermostat under specific 
capacity-constrained conditions during a limited number of pre-specified hours during winter peak months. The 
control options typically include thermostat setback (specific number of degrees) or cycling, whereby the units are 
limited to a fixed percentage on per hour. These systems typically provide capability for local override by 
participants and are either one-way or two-way communicating systems. Two-way systems enable other features, 
including confirmation of control, runtime data from each thermostat and internet access options. 
Target Technologies and Dwelling Types: 
Single family detached and attached, Row Houses with individual dwelling unit control of central electric space 
heating systems 
Opportunity Costs and Savings Profile: 
� Typical cost per application is in the range of $450 (two-way); $285 (one-way) in existing homes; $100 less 

cost in new homes 
� Electric Peak Load Reduction during utility winter system peak hours (morning and evening) range from 1.2 to 

1.5 kW per thermostat for 2-way systems, 20-25% less for 1-way systems 
� Customer investment would not likely be (and has not been) necessary 
� The CEPR (Cost of Electric Peak Reduction) for this opportunity is $40-$50/kW for 2-way systems and $34-

$43 for 1-way systems 
� Additional energy savings from customer use of programmable thermostat features is likely but not quantified 
Target Audience(s)& Potential Delivery Allies: 
� Homeowners and renters 
� Developers (for new homes) 
Constraints & Challenges: 
� Customer concern about being “controlled” during the coldest days; may want “contract” to know when/how 

control will be used 
� Additional customer service traffic when customers blame new thermostat for heating problems 
� Identification of qualified customers without necessarily requiring site visit (e.g. where customers unsure of 

their heating system fuel, type or where multiple heating types/fuels) 
Opportunities & Synergies: 
Programmable thermostat can be used for energy savings, as well, for customers who did not previously have one 
(or one as easy to program) 
Discussion Starter Participation Rates: 
The following considerations were drawn upon in preparing the “straw dog” participation rates that are presented in 
the attached table: 
� Previous programs in the U.S. for air conditioner control have achieved up to 10-15% penetration for 2-way 

systems and higher for 1-way systems within 2-3 years. 
� Previous pilots for heating control have been done with good satisfaction but known experience has been 

limited to gas heat thermostat control (50 unit pilot in Minnesota).  
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Exhibit 12.2: Opportunity Profile R9 
 
 

R9: Electric Thermal Storage (ETS) Units 

Overview: 
Electric Thermal Storage (ETS) is a technology that has been widely used in Europe and selectively used in North 
America for over 40 years. The basic premise of the systems is to convert electricity into heat and store it in 
specially designed high-density ceramic bricks. Combined with a utility off-peak rate, operation in charging mode 
during low-cost off-peak hours can provide heat all day by thermostat-controlled release of heat from the bricks 
through either forced air or hydronic systems. Units come in various sizes, from whole-house units to individual 
room units. Control systems to ensure proper heat distribution are typically included and systems can be retrofit or 
installed in new construction applications.  
Target Technologies and Dwelling Types: 
Single family detached and attached, Row Houses, low-rise and high-rise with either central or room heating units, 
including baseboard; without multiple heating unit types within house.  
Opportunity Costs and Savings Profile: 
� Typical cost per application is in the range of $5,000 - $5,600 for central ETS units vs. $1,500 for standard 

heating system (50,000 BTU); $1,200 - $1,600 for room ETS units, vs. $400 for standard room baseboard 
system; assume $500 incremental installation costs 

� Electric Peak Load Reduction during all expected 16-hour winter daytime hours of at 95% of baseline of 5.06 
kW (4.81 kW for average of morning and evening peaks – peak period 3 for SFD full-electric)  

� Customer investment would be offset by program incentives and rate savings 
� The CEPR (Cost of Electric Peak Reduction) for this opportunity is $65-$131/kW for central systems and $79 - 

$160 for a full set of 4 room systems 
� Some energy losses would occur. 
Target Audience(s)& Potential Delivery Allies: 
� Homeowners with systems ready/near ready for replacement 
� Developers (for new homes) 
Constraints & Challenges: 
� Must be coupled with separately metered custom time of use rate (16-hour peak, 8-hour off-peak for unit 

charging), which would need to be designed and cost-justified for BC Hydro; additional metering costs 
� Limited BC area experience by contractors, few manufacturers 
� Additional wiring and circuit upgrades may be necessary due to higher capacity, which could increase 

installation costs 
� Applicable mainly to systems ready for replacement 
Opportunities & Synergies: 
� All-season demand reduction  
Discussion Starter Participation Rates: 
� The following considerations were drawn upon in preparing the “straw dog” participation rates that are 

presented in the attached table: 
� Current programs in the U.S. (mainly Electric Coops) and Canada (Coops, Nova Scotia Power, Hydro-Quebec) 

provide incentives for customers, but participation rates low 
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� Step 3: Prepare Draft Opportunity Assessment Worksheets 
 
A draft Assessment Worksheet was prepared for each profile in advance of the Achievable 
workshop. The Assessment Worksheets complemented the information contained in the 
Opportunity Profiles by providing quantitative data on the potential energy savings for each 
opportunity as well as providing information on the size and composition of the eligible 
population of potential participants. Energy impacts and population data were taken from the 
detailed modelling results contained in the Economic Potential forecast. 
 
Assessment Worksheets for Opportunities R8 (Residential Thermostat-based Utility Space Heat 
Load Control) and R9 (Residential Electric Thermal Storage - ETS) are presented in Exhibit 
12.3. As illustrated in Exhibit 12.3, each Opportunity Assessment Worksheet addresses the same 
areas as the electric energy savings, except for: 
 
� Cost of Electric Peak Reduction (CEPR) – shows the approximate cost of electric peak 

reduction for the measure(s) included within each opportunity area. The CEPR provides 
an indication of the relative economic attractiveness of the energy efficiency measures 
from BC Hydro’s perspective. For the purposes of the workshop, this information 
provided participants with an indication of the scope for using financial incentives to 
influence customer participation rates. The information enabled participants to roughly 
estimate the level of financial incentives that could be employed to increase the 
opportunity’s attractiveness to customers without making the measures economically 
unattractive to BC Hydro.  
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Exhibit 12.3: Residential Sector Opportunity Assessment Worksheets  
 

 

 

R9: Residential Electric Thermal Storage (ETS) Units
Existing/New

F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026

SFD Central Systems 65$           267.4     304.1     74,286 84,460 1.5% 6.0% 4.0         18.2       1,114 5,068 3% 15% 8.0         45.6       2,229 12,669
Row House Central Systems 131$         

SFD Room Systems 79$           820.5     932.8     343,289 390,308 1.5% 6.0% 12.3       56.0       5,149 23,418 3% 15% 24.6       139.9     10,299 58,546
Row House Room Systems 160$         

-        -        -        -        -        -        
Total 1,087.9  1,236.9  417,575 474,768 16.3       74.2       6,264 28,486 32.6       185.5     12,527 71,215

Lower Achievable Scenario Upper Achievable Scenario

Building Type
CEPR
($/kW)

Economic 
Potential Annual 
Savings (MW)

Achievable 
Participation

Achievable Potential 
Annual Savings 

(MW)
Achievable Units 

Affected
Cumulative  

Units Affected
Achievable 

Participation

Achievable Potential 
Annual Savings 

(MW)
Achievable Units 

Affected

R8: Thermostat-based Utility Space Heat Load Control
Existing/Renovated

F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026 F2011 F2026

All Existing  $40-$50 111.4     126.7     82,000 94,000 10% 33.3% 11.1       42.2       8,200 31,333 20% 50% 22.28     63.35     16,400 47,000
New  $34-$42 -        -        -        -        

-        -        -        -        -        -        
Total 111.4     126.7     82,000 94,000 11.1       42.2       8,200 31,333 22.28     63.35     16,400 47,000

Lower Achievable Scenario Upper Achievable Scenario

Building Type
CEPR
($/kW)

Economic 
Potential Annual 

Savings (MW)
Achievable 

Participation

Achievable Potential 
Annual Savings 

(MW)
Achievable Units 

Affected
Cumulative  

Units Affected
Achievable 

Participation

Achievable Potential 
Annual Savings 

(MW)
Achievable Units 

Affected
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� Step 4: Achievable Potential Workshop 
 
� During a one-day Achievable Potential workshop held on June 12, 2007, workshop 

participants discussed their opinions on technical and market conditions confronting the 
identified electric peak reduction opportunities.  

 
� Following discussion of the broad market and intervention conditions affecting the 

opportunity area, workshop participant views were recorded on Lower and Upper 
customer participation rates. Specifically, participation rates were estimated for: 

 
� Upper Potential in F2026 (defined as 100% of the Economic Potential minus the market 

share represented by the “can’t” or ‘won’t” population) 
� Lower Potential in F2011 
 
� The shape of the adoption curve was selected for both the Upper and the Lower 

scenarios. Rather than seek consensus on the specific values to be employed in each of 
the intervening milestone years, workshop participants selected one of four curve shapes 
that best matched their view of the appropriate “ramp-up” rate for each opportunity.  

 
Exhibit 12.4 shows the four curves that were used in the workshop discussions. 
 
� Curve A - steady increase 
� Curve B – slow early growth, followed by rapid later growth 
� Curve C - rapid initial participation followed by relatively slow growth 
� Curve D - rapid initial participation rate that results in virtual full saturation. 
 

Exhibit 12.4: Adoption Curve Shapes (F2006 to F2026) 
 

Curve A Curve B Curve C Curve D 
 
 
 
 
 

   

 
Workshop participants also provided guidelines to the consultants for extrapolating the results of 
the workshop discussion to the remaining subsectors and service regions.178  
 
� Step 5: Extrapolate Workshop Results to Remaining Opportunities 
 
As noted earlier, it was not possible to fully address all opportunities in the one-day workshop. 
Consequently, the workshop focused on the two main opportunities; participation rates for the 
remaining opportunities were completed by the consultants, guided by the workshop results and 

                                                 
 
178

 The Residential sector workshop was not able to address both the opportunity areas due to time constraints. Consequently, 
participant views were collected following the workshop via an email survey. The Achievable Potential estimate for thermostats 
was also influenced by the discussion on commercial thermostats on June 13, since the technology was the same, although 
implementation aspects were different. 
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discussions. The values shown in the summary tables and attached appendices incorporate the 
results of the two sets of inputs. 
 
� Step 6:  Aggregate Achievable Potential Results 
 
The final step involved aggregating the results of the individual opportunity areas to provide a 
view of the potential achievable savings for the total Residential sector. 
 
12.3 WORKSHOP RESULTS 
 
The following subsection provides a summary of the participation rates established by the 
workshop participants for each of the two opportunity areas that were discussed during the 
Residential Achievable Potential workshop or via subsequent feedback (via email and other 
means). As noted previously, the two Residential sector opportunity areas were: 
 
� R8 – Thermostat-based Utility Space Heat Load Control 
� R9 – Residential Electric Thermal Storage (ETS). 
 
Further detail on each of the above opportunity areas is provided below; as applicable, the 
following information is provided for each: 
 
� Summary of Upper (F2026) and Lower (F2011) achievable participation rates 
� Shape of adoption curve selected by the workshop participants 
� Guidelines provided to the consultants related to extrapolating the workshop discussion 

results to other subsectors and service regions 
� Highlights of key issues arising during the workshop discussions 
� Summary of major assumptions employed by the consultants for extrapolating the 

workshop results to other opportunity areas. 
 
12.3.1 R8 – Thermostat-based Utility Space Heat Load Control 
 

Workshop participant comments for the Commercial Utility Space Heat Load Control 
and consultant experience in residential and commercial thermostat control programs 
resulted in the conclusion that, under the conditions represented by the Upper Achievable 
scenario, participation rates up to 20% could be achieved in applicable dwellings – i.e., 
single-family and row houses with thermostat control of virtually all dwelling unit 
heating – by F2011, increasing to 50% by F2026.  

 
Under the more modest market conditions represented by the Lower Achievable scenario, 
participation rates up to 10% could be achieved in by F2011, increasing to 33% by 
F2026.  
 
The Reference Case assumes no utility thermostat control program. 
 
Based on consultant experience, the adoption curve for this measure would likely be 
Curve C, with a rapid buildup, followed by a slowing adoption rate. There is no specific 
indication that participation rates would be any different in other parts of the service area, 
although the capacity constraints on Vancouver Island would be expected to result in 
more aggressive marketing there. 
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 Selected highlights from the discussion of this opportunity area are listed below: 
 

� Adoption of advanced thermostats could become building code requirement by 2026, 
which would therefore result in a high level of penetration.  

 
� There was some concern that this measure is too invasive or intrusive. It may be valid 

if it’s the only tool available. There’s the “Big Brother” factor. In a province where 
there has not been a history of quasi-governmental control, there was concern about 
how effective BC Hydro could be with social marketing on this type of measure.  

 
� There were concerns about comparable case studies. The U.S. experience has mainly 

been with central air conditioning control which, while successful179, may not 
necessarily apply to heating. Other small pilot programs, including one for gas 
heating in a cold climate, may be too small to represent a valid test case. 

  
� There were several cases noted, including California during brownouts, that 

successfully focused on avoiding undesirable choices in generation and helping the 
utility. Awareness is high and the downside is minimal, so there’s no constraint in 
that respect. However, there was little social marketing. They used direct marketing 
on the residential side, sending letters to customers that appealed to people’s sense of 
urgency. The issue of people giving up control is more complex. Currently, there is a 
pilot project in San Diego which is looking at bidirectional control of whole house.  

 
� Time-of-use (TOU) rates were discussed as a better alternative. These are considered 

complementary to load control but not necessarily sufficient motivation for the 
targeted short-term load reductions intended by this measure. TOU rates are not in the 
scope of the CPR.  

 
� The concept of customer override option was discussed. Consultant experience with 

residential override potential is 10% to 15%, including both thermostat and switch-
based control programs. 

 
� In terms of motivation for customers, while most current programs (primarily air 

conditioner control) have not offered significant cash incentives or “pay-per-event,” 
there is likely a sufficient enough gap between cost and estimated avoided cost to BC 
Hydro to justify an incentive payment if that were needed to induce higher 
participation rates. U.S. programs have been content with 10% to 15% participation 
to this point but BC Hydro may require higher rates. 

 
� Comments indicated that a major event (e.g. blackouts) may be needed to motivate 

people and change their perceptions. 
 

                                                 
 
179

 LIPA and Con Edison are examples of significant programs with 5,000 or more residential participants for 2-way central A/C 
thermostat control, with 10-15% participation rates for applicable equipment within 2-3 years. A small pilot of 100 sites was 
successful in Rochester Minnesota for gas heating and air conditioning.  
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12.3.2 R9 - Residential Electric Thermal Storage (ETS) 
 
The workshop and follow-up email survey resulted in responses that, combined with 
consultant experience, provided valuable feedback, for which final estimates were 
developed. Under the conditions represented by the Upper Achievable scenario, 
participation rates of 0% to 10% were reported by surveyed workshop attendees, with a 
resulting conclusion that 3% of applications were achievable in applicable single family 
and row houses by F2011, increasing to 15% (surveyed range of 5% to 30%) by F2026.  

 
Under the more modest market conditions represented by the Lower Achievable scenario, 
participation rates up to 1.5% (surveyed range of 0% to 5%) could be achieved by F2011, 
increasing to 6% (surveyed range of 3% to 15%) by F2026.  
 
These participation rates represent a percentage of the possible movement from use of 
these devices in the reference case (essentially zero). 
  
Surveyed workshop participants were nearly unanimous in terms of the adoption curves 
for this measure, nearly all indicating Curve A (straight line), reflecting consistent 
adoption as their heating units were replaced. Participation rates were identified for each 
of the intervening milestone years.  
 
Some comments included from the surveyed workshop attendees included: 

 
� The requirement of a specific TOU rate to match the planned storage and discharge 

times for the ETS units is essential to the feasibility of the program. 
� Capital costs are quite high for these devices, which would likely prevent mass 

adoption (high participation rates), although a BC Hydro program would presumably 
lower the payback, as is typically done for ETS programs run mainly for co-op 
utilities. Installation costs are not that significant as long as they would replace 
standard heating unit installation at the time of the already planned replacement of 
base heating systems. However, due to the typical long life of heating systems, this 
may not be the case and so full installation costs would need to be factored into the 
cost. In addition, research would be needed to ensure that local installation costs and 
typical conditions were reflected in the cost estimates provided in this report. 

� Adoption would depend on remodelling and new construction rates, resulting in the 
assumption of a linear adoption rate. 

� It should be noted that overall energy consumption is likely to increase under this 
measure due to storage losses, making the issue of a proper TOU rate even more 
essential a component of the program involving this measure. 

 
12.3.3 Extrapolated Participation Rates – Remaining Electric Peak Reduction 

Opportunities 
 

As noted previously, the workshop results and follow up email responses were used as a 
reference point, combined with consultant experience, to estimate participation rates for 
the remaining electric peak reduction opportunities that are contained in the Economic 
Potential forecast.  
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For each of the remaining capacity measures, an achievable rate and adoption percentage 
was estimated, as indicated: 
 
� Water heating switch-based load control – Achievable percentage was assumed much 

higher than for thermostat control, as water heating is not as essential in the late 
afternoon. Adoption Curve C was considered appropriate, requiring only switch 
installation and could be rolled out quickly. 

� Lighting switch-based control (with gateway) – Achievable percentage and adoption 
curve were assumed the same as for thermostat control 

� Plug load switch-based control (with gateway) – Achievable percentage and adoption 
curve were assumed the same as for thermostat control 

� Pools and Spas Control (with gateway) – Achievable percentage and Adoption Curve 
was assumed as about double for thermostat control Lower Achievable and range 
from 30% to 90% (slightly less than double thermostat control). This reflects the 
more discretionary nature of the end use affected. 

 
Exhibits 12.5 and 12.6 provide, respectively, a summary of the estimated Upper and 
Lower participation rates for all electric peak reduction opportunities, including the 
remaining ones identified in the chapter on Economic Achievable Potential. As 
illustrated, each exhibit shows: 
 
� The affected technology 
� Achievable Adoption Curve (A-D) 
� The participation rates for each of the milestone years 
� Resulting impacts for each milestone year, with totals 
� Notes that illustrate sources used by the consultant when estimating the participation 

rates shown. 
 
 
 

 
 
 



BC Hydro Conservation Potential Review 2007    –Residential Sector– 

 

Marbek Resource Consultants Ltd.   Page 225 

Exhibit 12.5: Participation Rates and Impacts – Upper Achievable Potential (Peak Period 3) 
 

 

Electric Peak Reduction Measure Achieve
Curve 2011 2016 2021 2026 2011 2016 2021 2026 Note

Space Heating
2-Way Thermostat-based utility load 
control C 20.0% 37.0% 47.0% 50.0% 22.3          43.4          57.5          63.3          Workshop
1-Way Thermostat-based utility load 
control -            -            -            -            Alternate for 2-way thermostat

Switch-based utility load control
C 20.0% 37.0% 47.0% 50.0% 68.0          132.6        175.3        193.3        Same rate as 2-way Thermostat

Electric Thermal Storage (ETS) 
(Central) A 3.0% 7.0% 11.0% 15.0% 8.0            19.7          32.3          45.6          Survey of Workshop attendees

Electric Thermal Storage (Room)
A 3.0% 7.0% 11.0% 15.0% 24.6          60.5          99.0          139.9        Survey of Workshop attendees

Water Heating
1-Way Switch-based utility load 
control C 20.0% 37.0% 47.0% 50.0% 39.1          74.9          98.1          106.2        Same rate as 2-way Thermostat

Lighting

1-Way Switch-based utility load 
control - stand-alone C 20.0% 37.0% 47.0% 50.0% 72.5          141.4        188.2        206.9        Same rate as 2-way Thermostat
1-Way Switch-based utility load 
control - incremental -            -            -            -            Duplicates stand-alone

Plug Loads

1-Way Switch-based utility load 
control - stand-alone C 20.0% 37.0% 47.0% 50.0% 32.9          73.9          110.0        133.1        Same rate as 2-way Thermostat

1-Way Switch-based utility load 
control - incremental -            -            -            -            Duplicates stand-alone

Pools and Spas

1-Way Switch-based utility load 
control - stand-alone C 30.0% 63.0% 83.0% 90.0% 5.8            12.6          17.2          19.1          50% more than 2-way thermostat
1-Way Switch-based utility load 
control - incremental -            -            -            -            -            -            -            -            Duplicates stand-alone

TOTALS 273.3        559.1        777.5        907.5        

Achievable % (Upper) Achievable MW Impacts (Upper)
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Exhibit 12.6: Participation Rates and Impacts – Lower Achievable Potential (Peak Period 3) 
 

 
 

Electric Peak Reduction Measure Achieve
Curve 2011 2016 2021 2026 2011 2016 2021 2026 Note

Space Heating
2-Way Thermostat-based utility 
load control C 10.0% 23.0% 30.0% 33.3% 11.1          27.0          36.7          42.2          Workshop
1-Way Thermostat-based utility 
load control -            -            -            -            Alternate for 2-way thermostat

Switch-based utility load control
C 10.0% 23.0% 30.0% 33.3% 34.0          82.4          111.9        128.9        Same rate as 2-way Thermostat

Electric Thermal Storage (ETS) 
(Central) A 1.5% 3.0% 4.5% 6.0% 4.0            8.5            13.2          18.2          Survey of Workshop attendees

Electric Thermal Storage (Room)
A 1.5% 3.0% 4.5% 6.0% 12.3          25.9          40.5          56.0          Survey of Workshop attendees

Water Heating
1-Way Switch-based utility load 
control C 10.0% 23.0% 30.0% 33.3% 19.5          46.6          62.6          70.8          Same rate as 2-way Thermostat

Lighting
1-Way Switch-based utility load 
control - stand-alone C 10.0% 23.0% 30.0% 33.3% 36.3          87.9          120.1        137.9        Same rate as 2-way Thermostat
1-Way Switch-based utility load 
control - incremental -            -            -            -            Duplicates stand-alone

Plug Loads

1-Way Switch-based utility load 
control - stand-alone C 10.0% 23.0% 30.0% 33.3% 16.5          45.9          70.2          88.7          Same rate as 2-way Thermostat

1-Way Switch-based utility load 
control - incremental -            -            -            -            Duplicates stand-alone

Pools and Spas

1-Way Switch-based utility load 
control - stand-alone C 20.0% 46.0% 60.0% 66.7% 3.8            9.2            12.4          14.2          Double 2-way thermostat

-            -            -            -            -            -            -            -            Duplicates stand-alone

TOTALS 137.6        333.4        467.6        556.9        

Achievable % (Lower) Achievable MW Impacts (Lower)
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12.4 SUMMARY OF ACHIEVABLE ELECTRIC PEAK REDUCTION 
 
Exhibit 12.7 provides a summary of the Achievable electricity savings under both the Lower and 
Upper scenarios, compared to the Economic potential. As illustrated, compared to the 2011 
Reference Case of approximately 5,200 MW for the residential peak (6 pm/Peak Period 1), the 
Economic Potential for electric peak capacity reduction measure impacts would grow from the 
F2011 level of 2,120 MW to approximately 2,553 MW180 by F2026. This contrasts with the 
Upper Achievable scenario in which annual electric peak reductions would increase from 
approximately 273 MW to 908 MW for the same period. For the Lower Achievable scenario, 
electric peak reduction would increase from approximately 138 MW to 557 MW for the same 
period.  
 

Exhibit 12.7: Economic vs. Upper and Lower Achievable Potential Electric Peak Load 
Reduction in Residential Sector for Total BC Hydro Service Area (MW) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It should be noted that electric peak load reductions related to capacity-only measures, as 
presented in this section, are not independent of the electric peak load reductions attributable to 
energy efficiency measures described in Chapter 11. That is, if energy efficiency savings for 
2011 represent a 5% reduction in electric peak load reductions, for example, the capacity-only 
measure electric peak reductions should be discounted by that same 5% to reflect a lower base 
case for capacity, assuming the energy efficiency measures are indeed adopted. 

                                                 
 
180

 Note that over 50% of the Economic Potential is attributed to electric thermal storage, which has a low Achievable 
percentage. 
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Exhibits 12.8 and 12.9 below detail the net result of the electric peak reductions on the reference 
case for Peak Period 1 (Winter 6 pm peak day). 
 

Exhibit 12.8: Economic vs. Upper and Lower Achievable Potential Electric Peak 
Reduction in Residential Sector for Total BC Hydro Service Area (MW) 

 
 

Exhibit 12.9: Graph - Economic vs. Upper and Lower Achievable Potential Electric Peak 
Load Reduction in Residential Sector for Total BC Hydro Service Area (MW) 
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Economic Potential Lower Achievable Upper Achievable Reference Case Peak 1 - MW

Peak Period #1 2011 2016 2021 2026
Reference Case Peak MW 4,812 5,244 5,632 6,007 6,335
Electric Peak Capacity-only
Economic Potential Peak Reduction 2,120.1     2,281.4     2,426.2     2,552.5     
Economic Potential % Reference 40.4% 40.5% 40.4% 40.3%
Lower Achievable Peak Reduction 137.6        333.4        467.6        556.9        
Lower Achievable % Reference 2.6% 5.9% 7.8% 8.8%
Upper Achievable Peak Reduction 273.3        559.1        777.5        907.5        
Upper Achievable % Reference 5.2% 9.9% 12.9% 14.3%

Electric Peak with Capacity-only Reductions
Economic Potential Peak MW 3,124        3,350        3,581        3,783        
Lower Achievable Peak MW 5,106        5,298        5,540        5,778        
Upper Achievable Peak MW 4,971        5,073        5,230        5,428        
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14. GLOSSARY 
 
Achievable Potential 
The portion of savings identified in the Economic Potential that could realistically be achieved 
within the study period through government and utility-led interventions and programs given 
institutional, economic and market barriers. 
 
all rate payers (ARP) test 
Formerly known as the Total Resource Cost Test (TRC), it is a test that compares the total costs 
of electricity investments, including electricity conservation programs, to the social cost of 
electricity. Un-priced environmental and social costs may be accounted for by changing the cost 
of either the investment under consideration or the total cost of electricity in such a way that 
relative un-priced impacts are reflected. It is used in designing and evaluating programs that are 
developed from the CPR study’s results. 
 
avoided cost 
The unit cost of acquiring the next resource to meet demand, which is used as a measure for 
evaluating individual demand-side and supply-side options. 
 
“Avoided cost” is the capital expenditure offset by BC Hydro DSM activities (i.e., the cost of 
having to buy energy on the open market, contract for long-term supply, and/or build and run 
new generation facilities). 
 
base year 
The Base Year is the year to which all potentials will be compared. For this study, it is BC 
Hydro’s’ F2006 (April 2005 to March 2006). The model will be calibrated against BC Hydro’s 
actual sales for F2006. 
 
BC Hydro service area 
The portion of the Province of B.C. that receives retail electricity service from BC Hydro. The 
service area excludes the portion of the Province of B.C. served by Aquila Networks Canada 
(previously known as West Kootenay Power and Utilicorp Networks Canada), Fortis BC, and 
certain factories or communities that are not customers of BC Hydro. For the purpose of this 
study, it includes the City of New Westminster. Approximately 75% to 80% of B.C.’s demand 
for electricity is in the BC Hydro service area and is supplied by BC Hydro. 
 
BC Hydro service region 
For the purposes of this study, the total BC Hydro service area is divided into four service 
regions. They are: Lower Mainland, Vancouver Island, Southern Interior and Northern Region. 
 
benchmark for economic analysis 
For the purpose of this study, the electricity price, based on a long run marginal cost provided by 
BC Hydro, of $130/MWh for electric energy savings and $170/kW-yr for capacity savings. 
  
capacity 
The measure of the rate of energy use at a specific time. [kW] 
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capacity savings 
The savings that result from technologies or activities that save only capacity, and do not include 
any energy savings (or where energy savings are proportionally small).  
 
capacity shed 
The act of interrupting all or part of the customer load for a period of time. 
 
co-generation 
The simultaneous production of electric or mechanical energy and useful heat energy from a 
single fuel source.  
 
conservation potentials 
The 2007 CPR will look at the Technology Based Potential, Operations and Maintenance 
(O&M) Potential, Behavioural Potential, Lifestyle Potential, and Fuel Switching. Definitions and 
examples are provided below. (Note: Shaded cells mean examples are either not available or not 
applicable). 
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2007 Conservation Potential Review 

D
ef

in
iti

on
s 

Energy savings 
realised through 
the implementation 
of energy 
efficiency 
technologies 

Energy savings 
realized through the 
monitoring and 
adjustment of 
system 
controls to optimise 
the operation 
of energy-using 
systems 

Energy savings 
realised through 
the regular 
cleaning and 
adjustment to 
optimize the 
performance of 
energy-using 
systems 

Energy 
savings 
realised 
through the 
actions of 
personnel to 
habitually 
save energy 
within their 
daily routine 

Energy 
savings 
resulting 
from 
lifestyle or 
corporate 
culture 
changes 

Electricity 
savings resulting 
from changing 
fuels from 
electricity to 
natural gas 

Energy Saving Examples 

R
es

id
en

tia
l 

Replace single-
paned windows 
with double-glazed 
low E 

Adjust 
programmable 
thermostat for 
reduced energy use 
(Multi-family only) 

Repair 
weatherstripping 
on openings along 
the window seam 
to prevent heat 
loss (Multi-family 
only) 

Close blinds at 
night to 
reduce heat 
loss 

Choose 
natural 
ventilation 
over air 
condition–
ing 

Choosing gas-
fired space 
heating over 
electric 

C
om

m
er

ci
al

 

Replace 
incandescent bulbs 
with CFLs 

Adjust the timer to 
optimise the CFLs 
operating hours 

Clean the fixtures 
to allow for 
maximum light 
output 

Turn off the 
light when 
you leave the 
room 

Lower 
light levels 

Choosing gas-
fired space 
heating over 
electric 

In
du

st
ria

l Install high 
efficiency 
compressor (or 
VSD for 
compressor) 

Regularly check 
compressed air 
sequencing is 
correct 

Fix compressed 
air leaks 

   

Capacity Saving Examples  

R
es

id
en

tia
l 

Install a water 
heater with a timer 
that is 
programmed to 
shut off during 
peak hours 

  

Run your 
dishwasher, 
clothes washer 
and other 
energy-using 
appliance 
during off 
peak hours 

  

C
om

m
er

ci
al

 Install a batch 
process –e.g.: 
radiant slab 

Decrease 
temperature set 
point during peak 
time using BAS 

    

In
du

st
r

ia
l Install a batch 

process – e.g.: pulp 
storage 

Shut down 
equipment and 
move to storage 
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cost of conserved energy (CCE) 
The annualized unit energy cost of a DSM measure used to determine its cost effectiveness 
compared to additional electricity supply (as part of the total resource cost test). It is calculated 
as the annualized incremental cost (including annual operating and maintenance) of the DSM 
upgrade measure divided by the annual savings achieved, excluding any administrative or 
program costs to achieve full use of the technology or measure. 
 
cost of capacity 
The cost of capacity, set at $160/kW-yr in the CPR to evaluate the economic potential of 
capacity-saving measures. Representatives from BC Hydro and the BCTC collaborated to 
develop a methodology to calculate and associate value for the cost of capacity based on 
Generation, Bulk Incremental Transmission, Regional Incremental Transmission, Distribution 
Substations and Distribution costs. 
 
demand-side management (DSM) 
Actions that modify customer demand for electricity and that can defer the need for new energy 
and capacity additions. 
 
discount rate 
The interest rate used in calculating the present value of expected yearly benefits and costs. 
 
diversity 
A relative measure of the likelihood that a series of connected loads will reach peak demand at 
the same time. A high diversity implies that individual connected loads will reach their peak 
demand at different times whereas a low diversity implies that they will reach peak demand at 
the same time. 
 
economic efficiency 
Allocation of human and natural resources in a way that results in the greatest net economic 
benefit, regardless of how benefits and costs are distributed within society. 
 
economic potential 
An estimate of the reduction of electricity consumption, relative to the reference case, that would 
occur if all electricity-consuming equipment were upgraded to the efficiency level that is cost 
effective as calculated using the cost of conserved energy (CCE). 
 
effective measure life (EML) 
The estimate median number of years that the measures installed under a program are still in 
place and operable. EML incorporates field conditions, obsolescence, building remodelling, 
renovation, demolition and occupancy changes. 
 
electric capacity 
The maximum electric power that a device or system is capable of producing or transferring. 
Electric capacity is measured in watts, kilowatts, megawatts, etc. 
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electric energy 
The cumulative amount of electricity produced or consumed over a period of time. Electric 
energy is measured in kilowatt hours or gigawatt hours. 
 
electric power 
The instantaneous rate that electric energy is produced, transmitted or consumed. Electric power 
is measured in watts, kilowatts, megawatts, etc. 
 
electrical efficiency 
The ratio of the useful energy delivered by a system or end use to the amount of electric energy 
supplied to it. This ratio measures how well electric energy is translated into another useful form 
of energy. 
 
electrical intensity 
The ratio of electric energy consumed per application or end use. For example, kilowatt hours 
per square metre of lit office space per day, or kilowatt hours per tonne of aluminum produced. 
All else being equal, electrical intensity increases as electrical efficiency decreases. 
 
electricity audit 
An on-site inspection and cataloguing of electricity-using equipment/buildings, electricity 
consumption and the related end-uses. The purpose is to provide information to the customer and 
the utility. Audits are useful for load research, for DSM program design and for identification of 
specific energy savings projects. 
 
electricity conservation 
Activities by electricity users that result in a reduction of the electric energy used to provide 
electric energy services. Electricity conservation can include a wide variety of behavioural or 
operational changes that result in energy savings. For the purpose of this study only, energy 
savings achieved through hard-wired or hardware installations are included. 
 
electricity conservation 
Activities by utilities or electricity users that result in a reduction of electric energy use without 
adversely affecting the level or quality of energy service provided. Electricity conservation 
measures include substitution of high-efficiency motors for standard-efficiency ones, occupancy 
sensors in office buildings, insulation in residences, etc. Load management activities are not 
considered by BC Hydro to be electricity conservation measures if they do not reduce annual 
consumption of electric energy. However, a rate designed to encourage reduction in electricity 
consumption being implemented by BC Hydro is considered to be electricity conservation. 
 
emerging technologies 
New energy-conserving technologies that are expected to be market-ready in any of the years up 
to and including 2026. This category includes technologies that could be accelerated into the 
market during that period through targeted financial or technical support. 
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end use 
The final application or final use to which energy is applied. Recognition of the fact that electric 
energy is of no value to a user without first being transformed by a piece of equipment into a 
service of economic value. For example, office lighting is an end use, whereas electricity sold to 
the office tenant is of no value without the equipment (light fixtures, wiring, etc.) needed to 
convert the electricity into visible light. End use is often used interchangeably with energy 
service. 
 
energy savings 
The savings that result from technologies or activities that save energy and, therefore, save 
capacity. In this document, the term “energy” refers specifically to “electricity” unless otherwise 
noted. 
 
energy service 
An amenity or service supplied jointly by energy and other components/equipment such as 
buildings, motors and lights. Examples of energy services include residential space heating, 
commercial refrigeration, aluminum smelting and public transit. The same energy service can 
frequently be supplied with different mixes of equipment and energy. 
 
energy use index (EUI) 
End use energy consumption divided by a specific parameter of production (e.g. kWh/sq.ft., 
kWh/unit). 
 
environmental credit/environmental penalty 
An increment or decrement to the cost of a resource or set of resources, to reflect the overall 
level of its/their environmental impact, relative to another resource or set of resources. 
 
financial incentive 
Certain financial features in the utility’s DSM programs designed to motivate customer 
participation. They may include features designed to reduce a customer’s net cash outlay, pay-
back period or cost of finance to participate. 
 
flexible load shape 
Utility action to present customers with options to choose variation in service quality in 
exchange for incentives. Programs involved may consist of variations of interruptible or 
curtailable load; concepts of pooled, integrated energy management systems or individual 
customer load control devices offering service constraints. 
 
fuel substitution 
The use of a different fuel to produce the same energy service. For example, natural gas can be 
used for space heating instead of electricity. 
 
gigawatt hour (GWh) 
One million kilowatt hours. 
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independent power producer (IPP) 
A privately owned electricity-generating facility that is usually connected to a utility’s 
transmission system to sell electricity. 
 
industrial/commercial self-generation 
Generation of electricity by an industry or a commercial enterprise whose principal product is 
not electricity. In almost every case, the industry is a customer of a utility, in which case the 
electricity generated is used to reduce the utility’s sales and generation or purchase requirements. 
Utility action to reduce sales through industrial/commercial self-generation is sometimes 
considered a form of demand-side management, for although overall supply is increased, demand 
on the utility is decreased. In a case where industrial/commercial self-generation allows a 
customer to be in a position to sell electricity to the utility (perhaps only some of the year or 
some of the day), that portion of electricity sold to the utility is considered independent power 
production. (See Independent Power Producer.) At BC Hydro, industrial/commercial 
self-generation used for on site load displacement is included in DSM, while output utilized for 
electricity sales is categorized outside of DSM.  
 
integrated planning 
See Resource Planning. 
 
integrated electricity planning (IEP) 
See Resource Planning. 
 
kilowatt (kW) 
One thousand watts; a basic unit of measurement of electric power. (The amount of energy 
transferred at a rate of one kilowatt for one hour is a kilowatt hour.) 
 
kilowatt hour (kWh) 
The basic unit of measurement of electric energy. One kilowatt hour represents the power of one 
thousand watts for a period of one hour. (A typical non-electrically heated home in B.C. uses 
about 10,000 kWh per year.) 
 
lifestyle potential 
Energy savings resulting from lifestyle or corporate culture changes. It is different from 
behaviours, operations, or maintenance in that they refer to how consumers use the energy-
consuming systems they already have, whereas lifestyle considers the choices they make 
regarding what energy-consuming systems they purchase/use. See examples under Lifestyle 
Potential in the definition of Conservation Potentials (above). 
 
load 
The amount of electricity required by a device, customer or group of customers as measured by 
an electricity meter. 
 
load displacement 
The reduction of electricity requirements from existing utility customers through electricity 
conservation or through customer self-generation. 
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load factor 
The ratio of the average load supplied during a given period to the maximum load occurring 
during the same period. 
 
load forecast 
An estimate of expected electricity requirements that have to be met by the electrical system in 
future years. 
 
load research 
Research to disaggregate and analyze patterns of electricity consumption by various sub-sectors 
and end-uses. Load Research supports the development of the load forecast and the design of 
demand-side management programs. 
 
load shape 
The variation in electrical load over time, usually hour-by-hour. A load shape can be for the 
system, a customer or an end-use load over a set period such as a day or a year. 
 
load shifting 
Utility DSM program to move electricity consumption from one period to another, most often 
from periods of high consumption to periods of low consumption (i.e., from on- to off-peak). 
 
measure TRC 
The Measure TRC is the net present value of energy savings that result from an investment in a 
fuel switching measure. The Measure TRC is equal to its full or incremental capital cost 
(depending on application) plus any change (positive or negative) in the combined annual energy 
and operating costs. This calculation includes among others, the following inputs: the avoided 
natural gas and electricity supply costs; the life of the measure; and the selected discount rate, 
which in this analysis has been set at 6%. 
 
megawatt (MW) 
One thousand kilowatts. 
 
natural change in electrical intensity 
The future change in electrical intensity that is expected to occur in the absence of utility DSM 
programs. In developing an estimate of natural change in electrical intensity, it is necessary to 
make an explicit assumption about the future prices of electricity and competing fuels. 
 
non-participant test (NPT) 
A test measuring what happens to rates due to changes in utility revenues and operating costs 
caused by a program. Rates will go down if the avoided cost is greater than the sum of the 
revenue lost plus the program costs. This test indicates the direction and magnitude of the 
expected change in rate levels. 
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peak clipping 
A utility DSM program used to reduce peak demand, without reducing demand at other times of 
the day or year. 
 
peak demand 
The maximum electric power required by a customer, device or system during a specified period 
(e.g., day, month, year). 
 
peak period 
The periods when the BC Hydro electricity system experiences particularly large demand for 
electricity from its customers. The four peak periods used in the CPR 2007 are defined as: 
 
� Peak Period 1: Annual System Peak Hour – For BC Hydro, this has traditionally been the 

hour ending at 6 pm on a day in December or January; it is highly correlated with the coldest 
day of the year. 

� Peak Period 2: System Critical Peak Days – The 4 to 9 pm period on the four highest 
System Peak Days; totals 20 hours. 

� Peak Period 3: Typical Winter Peak Day – This adds the morning peak 8 am to 1 pm to the 
System Critical Peak Day definition; totals 40 hours per year. 

� Peak Period 4: Winter Peak Energy – This uses the Typical Winter Peak Day definition (8 
am to 1 pm and 4 to 9 pm) for all winter weekdays when minimum daily temperature is 
below 0ºC. Typically, this consists of 45 days, or about the number of weekdays in 
December and January (not counting holidays), or 450 hours per year. 

 
Power Smart 
BC Hydro’s DSM initiative, originally launched in 1989. Power Smart includes a full range of 
DSM programs aimed at BC Hydro’s Residential, Commercial and Industrial customers. 
 
rate 
Generically refers to a utility’s rate structure. Average rate specifically refers here to the overall 
average revenue per kilowatt hour that the utility receives from a given class of customers (e.g., 
residential) covered by one or more tariffs. 
 
rate structure 
The formulae used by a utility to calculate charges for the use of electricity. For example, the 
present BC Hydro rate structure for residential customers consists of a basic monthly charge plus 
charges for the amount of electric energy used (i.e., cents/kWh). Other BC Hydro rate structures 
charge for energy at a rate per kilowatt hour that depends on the level of consumption, whereas 
others may include charges for peak demand. 
 
reference case 
An estimate of the expected level of electricity consumption that would occur over the study 
period in the absence of any new DSM initiatives subsequent to F2006. 
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region 
The following regions are used for the purpose of the 2007 CPR: Lower Mainland (LM), 
Vancouver Island (VI), Southern Interior (SI) and Northern Region (NR). 
 
resource planning 
The process of long-term planning of electricity generation and transmission facilities to reliably 
meet the forecast requirements of BC Hydro’s domestic customers. It addresses regional supply 
requirements and can utilize both supply-side and demand-side resources while recognizing 
economic, environmental and social impacts and risks. 
 
Resource Smart 
The name given to BC Hydro's strategy of improvements to existing power generation and 
transmission facilities to achieve supply-side efficiency through physical and operational 
modifications. 
 
sector 
A group of customers having a common type of economic activity. BC Hydro divides its 
customers into three principal sectors: Residential, Commercial and Industrial. sectors are further 
divided into subsectors. For example, “Offices” is a subsector of the Commercial sector. 
 
self-generation 
Generation of electricity by an industry or commercial enterprise whose principal product is not 
electricity. Self-generation can either reduce the amount of electricity purchased from the utility 
or it may be sold to the utility as a supply-side resource. 
 
social cost of electricity 
The total cost of electricity plus an allowance for environmental or social costs associated with 
the resource set producing that electricity. One way to estimate the social cost of electricity is 
with an environmental credit or penalty applied to the total cost of electricity. 
 
strategic conservation 
Utility action to reduce the total electric energy demand. Strategic conservation is electricity 
conservation induced by utility programs. Strategic conservation differs from load management 
in that load management is concerned primarily with the time-profile of demand, where strategic 
conservation is concerned with the total consumption. 
 
strategic load growth 
Utility action to modify the load curve by increasing (annual) total electric energy demand. 
Strategic load growth differs from load management in that load management is concerned 
primarily with the time-profile of demand, where strategic load growth is concerned with total 
consumption. 
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subsectors 
A classification of customers within a sector by common features. Residential subsectors are by 
type of home (SFD, duplex, apartment, etc.). Commercial subsectors are generally by type of 
commercial service (office, retail, warehouse, etc.). Industrial subsectors are by product type 
(pulp and paper, solid wood products, chemicals, etc.). 
 
supply curves 
Volume of energy at the appropriate screened price in ascending order of cost. (E.g., the figure 
below illustrates a supply curve with the addition of program, option, or technology A to D.) 
 
tariff 
The rate and the terms and conditions of sale for electric power and energy between utility and 
customer. It includes the type of service, delivery point(s), limitations of obligations to serve, 
minimum charges, etc. 
 
technical efficiency 
The efficiency of a system, process or device in achieving a certain purpose, measured in terms 
of the physical inputs required to produce a given output. 
 
utility cost 
The total financial cost incurred by the utility to acquire energy resources. For DSM, the costs 
include all utility program costs, including incentive costs. 
 
unbundled potential 
The gross savings potential for individual measures when calculated in isolation of possible 
interactive effects or double counting that would occur if implemented concurrently with other 
measures.  
 
valley filling 
Utility program activity to increase off-peak demand. 
 
watt 
The basic unit of measurement of electric power. 
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Abbreviation List 
 
AMI......Automated Metering Infrastructure  
ASHP ...Air-source Heat Pump 
BCH .....BC Hydro 
BCTC ...BC Transmission Corporation 
BCUC...BC Utilities Commission 
CAV .....Constant Air Volume 
CCE......Cost of Conserved Energy 
CFL ......Compact Fluorescent 
CPR......Conservation Potential Review 
CSAE ...Customer Side Alternative Energies 
CT ........Consultant Team 
DSM.....Demand Side Management 
DX........Direct Expansion 
EE.........Energy Efficient 
ERP ......External Review Panel  
EUI.......Energy Use Index  
GHG.....Green House Gas 
GWh.....Gigawatt Hour 
HE ........High Efficiency 
HID ......High Intensity Discharge 
HPS ......High Pressure Sodium 
IEP........ Integrated Electricity Plan 

IPP ....... Independent Power Producer  
kWh ..... Kilowatt Hour 
LPD...... Lighting Power Density 
LTAP ... Long-Term Acquisition Plan 
MH....... Metal Halide 
MW...... Megawatt 
N/A ...... Not Applicable 
PMT..... Project Management Team 
RFP...... Request for Proposal 
SC ........ Shading Coefficient 
STB...... Set-top Box 
TBA ..... To Be Announced 
TBD ..... To Be Determined 
TOR ..... Terms of Reference 
TRC ..... Total Resource Cost 
UC........ Utility Cost 
VAV .... Variable Air Volume 
VP........ Vice President 
WSHP.. Water Source Heat Pump 
 

 
 
 
 


