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Abstract  
 
In addition to a growing and aging population, Canada has experienced large shifts in its residential sector. There are 
more households, homes are larger with less people in them, and there are more appliances per household, all of 
which contribute to increased energy consumption. The present work explores the demographic determinants of 
residential energy efficiency adoption using the 2013 Households and Environment Survey. With binary logistic 
regressions, we predicted the odds of households adopting three energy-efficient actions: energy-saving lights, 
programmable thermostats, and changes to a dwelling following an energy audit. Although it was found that 
Canadian households are participating in energy efficiency, not all groups are participating equally. Similar to 
previous research, seniors appear to be more inclined to adopt less challenging measures such as energy-saving 
lights, as opposed to more intensive dwelling upgrades. Additionally, levels of education and income were 
positively related to the adoption of energy efficiency measures. However, the results showed household income to 
be less of a contributing factor for decisions regarding dwelling changes compared to the financial incentives offered 
via government grants. The results suggest a need to increase energy efficiency education and to continue offering 
financial incentives as the country increases its residential energy efficiency.  
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Introduction      
 
In the last two and a half decades, Canada has experienced major shifts in its residential sector. Specifically, 
between 1990 and 2013 the population grew by 7.5 million people, the number of households increased 40%, 
average living space increased 17%, and the average number of individuals per household fell from 2.8 in 1990 to 
2.5 in 2013 (Natural Resources Canada, 2016). Further, efficiency gains and overall reductions in energy use from 
major appliances were outweighed by the rapid growth of minor appliances such as cell phones, personal computers, 
TVs, and video game consoles (Natural Resources Canada, 2016). 
 The impact of these changes is already being seen. That is, despite improvements in energy efficiency, 
energy use between 1990 and 2013 increased nearly 7% (Natural Resources Canada, 2016). Assuming that 
Canadians will continue to use a lot of energy and that the above trends in the residential sector persist, energy 
efficiency is an issue of utmost importance. As such, we are motivated by the desire to understand the actions being 
taken by individuals and households to use energy more efficiently.  
 According to Gardner and Stern (2008), households can significantly reduce their energy consumption by 
changing their choice of technologies or using existing technologies. Further the authors suggest that individuals and 
households can reduce their energy consumption without making compromises to lifestyle (2008). As a result, the 
authors have determined a “short list” of the most effective actions that households can take to reduce energy 
consumption, with these actions varying in cost, feasibility, and target audience (i.e., homeowners versus all 
individuals) (Gardner & Stern, 2008). Since the “list’s” publication, it appears that little has been released by way of 
a researched guide for households to manage their energy usage. As such, we used this list to influence our selection 
of three actions that have the potential for increasing household energy efficiency, and because of their availability 
to all Canadians. It should be noted that we are interested in all effective actions to reduce household energy use, 
and therefore all measures of energy efficiency; however, our focus on the three specific actions here related to data 
availability and to actions that Canadians were recently surveyed on. 
 First, we are concerned with the adoption of technology and specifically the adoption of energy-saving 
lights. Energy-efficient lights have undergone major changes in technology, which have improved their efficiency 
(Hicks & Theis, 2014). According to Gardner and Stern’s list (2008) for individuals and households, replacing 85% 
of all incandescent light bulbs with equally bright compact fluorescent (CFL) bulbs can lead to 4% in energy 
savings. Further, light-emitting diodes (LEDs) are up to 75% more efficient compared to incandescent light bulbs 
and last 26 times longer (Toronto Hydro, n.d.). Our concern with energy-saving lights also stems from Canada’s 
phase out of 60- and 40-W incandescent light bulbs, an extension of the former ban on 75- and 100-W light bulbs 
(Blackwell, 2015).  
 Gardner and Stern (2008) also prioritize turning thermostats down during the heating season and turning 
thermostats up during the cooling season. The heating season in Canada varies and can last up to 10 months in some 
parts of the country. Adjusting thermostat temperatures is thus one way Canadians can save on energy use, given 
that adjusting set points can save on heating and cooling (e.g., US Department of Energy, n.d.). Further, these 
behaviors are particularly relevant for Canadians given that approximately 63% of Canadian residential energy use 
is for space heating (Natural Resources Canada, 2016). With respect to cooling, occupied cooled floor space has 
increased from 22% in 1990 to 46% in 2013. Even more, because of rising temperatures, the energy required to cool 
homes rose 95% from 1990 to 2013 (Natural Resources Canada, 2016). Although heating and cooling can be 
adjusted manually, we are interested in technology adoption and we therefore focus our attention on the adoption of 
programmable thermostats. Thermostats have the important function of regulating temperature but many features 
and functions have emerged to facilitate their energy-saving role (Peffer, Pritoni, Meier, Aragon, & Perry, 2011). 
 Last, we want to determine whether or not households are making changes to their dwellings as suggested 
to them through the results of home energy audits. Home energy audits can help homeowners better understand the 
extent to which improvements can be made to their dwelling as well as the specific improvements that can be made 
(Hoicka, Parker, & Andrey, 2014). In particular, home energy audits can inform households about their current 
energy usage, wastage, and provide options for saving energy (Gamtessa, 2013). These can involve investments in 
low hanging fruit, such as caulking and weather stripping, or can include more onerous renovations and upgrades, 
such as installing attic insulation and upgrading heating and cooling units.  
 By adopting measures of energy efficiency, Canadian households can make a meaningful contribution to 
reducing energy use and therefore to greenhouse gas reductions. In particular, over the 1990-2013 period, household 
energy use in Canada increased 6.5% and would have increased by 51% without the use of energy efficiency 
improvements (Natural Resources Canada, 2016). Furthermore, energy efficiency improvements, including retrofits 
as well as the adoption of energy efficiency items such as furnaces, appliances, lighting, and air conditioning, 
allowed Canadians to save $12 billion in energy costs and 27 MT in greenhouse gas emissions in 2013 (Natural 



 

Resources Canada, 2016). Moreover, households have been recognized as important units of analysis for the 
examination of environmental behavior (Reid, Sutton, & Hunter, 2010), here energy efficiency. 

Present demographic shifts in the residential sector, however, may be affecting the energy efficiency 
choices being made by Canadians. The overarching goal of this paper was to therefore explore the demographic 
determinants behind households’ choices regarding the adoption of energy-efficient technology and energy-efficient 
dwelling changes using the national Households and Environment Survey. This research contributes to the energy 
efficiency literature by providing empirical evidence to support the relationship between demographics and the 
adoption of energy efficiency measures, as well as the implications of these relationships. Although several studies 
have examined the relationship between demographics and energy use (for a review see Frederiks, Stenner, & 
Hobman, 2015), less research has been conducted within the altogether different sphere of energy efficiency (versus 
consumption). Moreover, by improving our understanding of the link between demographic variables and the uptake 
of energy efficiency measures, more effective and targeted residential policies can potentially follow. Thus, this 
research is relevant to researchers, policymakers, decision-makers, and industry. 

The paper continues as follows: the “Demographic factors related to energy efficiency” section presents 
background literature on the demographic factors related to measures of energy efficiency, paying special attention 
to the demographic variables included in the Households and Environment Survey, 2013. The “Dataset and 
variables” and “Method of analysis and diagnostics” sections present our dataset, variable information, our method 
of analysis, and modeling diagnostics. The “Results and discussion” section presents the results of our logistic 
regressions predicting the odds of households adopting energy-saving lights, programmable thermostats, and 
whether or not households made changes to their dwellings following an energy audit. We present an overview of 
the findings and their implications in the “Conclusion” section, followed by concluding remarks.  
 
Demographic factors related to energy efficiency 
 
The area of energy studies has been rapidly expanding, with a growing body of research designed to explore the 
determinants of household energy consumption. Many important factors have been identified as contributing to this 
phenomenon and include external factors, such as policies, as well as individual level factors, such as demographics. 
These studies are important because they allow for a more holistic understanding of household consumption that can 
further complement technical understandings of household energy consumption (i.e., building science). In a similar 
manner, greater scope is needed in the area of energy efficiency research and, specifically, the determinants of 
household energy efficiency. By including demographics in examinations of energy efficiency, it will be possible to 
gain a deeper understanding of the people adopting measures of energy efficiency—important insights for knowing 
what measures are working and for whom. Further, such insights may be able to answer the question why certain 
measures of energy efficiency are being adopted. In the following section, we review previous research examining 
the relationship between demographic characteristics and the adoption of energy efficiency. Though research in this 
specific area is limited, recent findings are insightful. 
 
Age and household composition  
 
Although some studies have examined how age and household composition affect energy efficiency practices, the 
results are mixed. Using a double-hurdle model, Mills and Schleich (2010) operationalized the adoption of CFLs as 
the outcome of discrete market entry decisions as well as adoption intensity (i.e., the intensity of CFL purchases for 
home use). The researchers found that market entry is positively associated for households with children under 6 
years of age and retirees (Mills & Schleich, 2010). With respect to adoption intensity, the researchers found that age 
has a positive impact on adoption intensity up to 62 years of age, and then a negative impact. The presence of 
children had no impact on adoption intensity (Mills & Schleich, 2010). In another study, using a dataset of 
approximately 5000 households in 10 EU countries and Norway, Mills and Schleich (2012) examined the adoption 
of CFLs, exclusively, as well as the adoption of technology consisting of energy-efficient appliances, office 
equipment, and lighting (i.e., their energy-efficient technology index). With respect to CFL adoption, the authors 
found that households consisting of young children (i.e., persons less than 12 years of age) are associated with 
increased CFL adoption (Mils & Schleich, 2012). With respect to their technology index, the authors found a 
distinct pattern for age and household composition; households composed of middle age adults (persons between 19 
and 65 years of age) with young children were linked to higher rates of technology adoption whereas households 
composed of persons 65 years of age and older were linked to lower rates of technology adoption (Mills & Schleich, 
2012). Similarly, in their study examining the adoption of innovative heating systems, Mahapatra and Gustavsson 
(2008) found that plans to install new heating systems decreased as homeowner age increased. Using a discrete 
choice model for examining the determinants of residential heating systems, Michelsen and Madlener (2012) found 



 

some evidence of older homeowners preferring older types of heating systems, such as oil-fired systems, while 
younger homeowners were found to be more open to newer types of heating systems, such as heat pumps.  
Sardianou and Genoudi (2013) surveyed people in Greece on their willingness to adopt renewable energy systems 
for their homes and found that middle-aged persons were more willing to adopt renewable energy systems than 
younger people. 
 More recently, Ameli and Brandt (2015) examined the OECD Survey on Household Environmental 
Behavior and Attitudes in order to examine the determinants of households’ investment in energy efficiency and 
renewables. This is a fairly large survey with 12,000 respondents and a sample that was stratified in each country 
according to age, gender, region and socio-economics (Ameli & Brandt, 2015). This is an interesting survey as it 
covers several different types of energy efficiency actions with respondents being asked whether or not they 
invested in top-rated energy efficiency appliances, energy-saving lights, energy-efficient windows, thermal 
insulation for their walls or roof, heating thermostats, solar panels for electricity or hot water, or ground source heat 
pumps (Ameli & Brandt, 2015). For most of these energy efficiency actions the age of the respondent appears to be 
important; the probability of investments in light bulbs, heat thermostats, thermal insulation and energy-efficient 
windows increases with age, while the probability to choose heat pumps decreases with age (Ameli & Brandt, 
2015). 
 Generally, these findings appear to demonstrate that measures of energy efficiency are being adopted 
across age groups and types of households. However, older individuals seem less likely to adopt or invest in 
technologies or measures that are more novel.  
  
Level of education 
 
Less work has been done in terms of investigating the effects of levels of education on technology adoption and 
retrofit behavior (i.e., upgrades and changes made to dwellings resulting from energy audits). However, several of 
the above studies that have examined age and household composition have also examined the effect of education on 
the adoption of energy efficiency measures. Mills and Schleich (2012) measured education as the highest level of 
education attained by any member of a household, with the possible categories being high school, trade or 
vocational school, and university; members with no high school education served as the reference group. Using 
ordinary least squares regressions, they found that the adoption of CFLs increased for households having high 
school, trade or vocational school, or university educated members (Mills and Schleich, 2012). However, the effect 
for having CFLs for those having a university level of education, in comparison to those having a high school, trade 
or vocational level of education, did not appear to be substantial (Mills and Schleich, 2012). For their technology 
index examining the adoption of energy-efficient appliances, office equipment, and lights, they found that 
households increased their use of energy-efficient technologies when the most educated household member had 
completed high school, trade or vocational school, and university relative to households in which members had not 
completed high school (Mills & Schleich, 2012). Further, the authors found the effect of a university level of 
education on energy-efficient technology adoption to be larger than the effects of having a high school or trade or 
vocational school level of education (Mills & Schleich, 2012). Similarly, Sardianou and Genoudi’s (2013) survey on 
the willingness of residents to adopt renewables in the residential sector indicated that more educated consumers 
were more likely to implement renewables than less educated consumers. Michelsen and Madlener (2012) measured 
education by determining whether or not households have university-level educated members and found that these 
types of households were more interested in heating systems such as gas-fired condensing boilers with thermal 
support and heat pumps, and less interested in wood pellet-fired boilers. These findings provide support for higher 
levels of education and energy efficiency adoption, and contrast findings on the relationship between levels of 
education and energy use, which appear to be mixed. In particular, studies have found no significant relationship 
between education level and household energy use (Gatersleben, Steg, & Vlek, 2002), or a weak relationship (Tonn 
& Berry, 1986).  
 
Income 
 
Income appears to be strongly related to household energy consumption. In particular, many studies have found 
significant relationships between household income and household energy use (e.g., Abrahamse & Steg, 2011; 
Biesiot & Noorman, 1999; Poortinga, Steg, Vlek, & Wiersma, 2003; Ritchie, Mcdougall, & Claxton, 1981), 
suggesting that higher income households consume more energy than lower income households. But higher-income 
households also have the potential to spend more and therefore have the potential to adopt more energy-saving 
measures than lower-income households (Abrahamse & Steg, 2009).  
 In their study on CFL market entry and adoption intensity, Mills and Schleich (2010) found that lower 



 

income groups showed negative associations with market entrance while higher-income groups did not differ 
significantly from their median-income group. Further, the researchers suggest that households are constrained by 
income only at the very low income levels (Mills & Schleich, 2010). With respect to adoption intensity, Mills and 
Schleich (2010) found that lower-income groups tended to adopt more intensively than higher income groups and 
suggest that this effect may be the result of electricity comprising a larger share of overall household expenditures. 
In other words, while the payback period remains constant for all income groups, the savings-to-income ratio 
appears to be more compelling for low-income individuals. 
 In their study sampling OECD countries, Ameli and Brandt (2015) found that many types of investments 
depend positively on income: top-rated energy efficiency appliances, energy-efficient windows, thermal insulation 
for walls or roof, and heating thermostats. For light bulbs, solar panels, and heat pumps, household income was not 
significant and therefore not included in their preferred empirical models (Ameli & Brandt, 2015).  
 For more intensive measures of energy efficiency, previous studies also suggest that household income is 
important. Nair, Gustavsson, and Mahapatra (2010) found that homeowners with higher household incomes were 
more likely to adopt building efficiency measures. Michelsen and Madlener (2012) found household income to have 
a positive impact on the probability of households to choose either gas-fired condensing boilers with thermal support 
or heat pumps, while it had a negative impact on the probability to choose oil-fired systems or wood pellet-fired 
boilers (i.e., solid fuel heating systems). That is, the probability to choose oil-fired and wood pellet-fired boilers 
decreased for households with higher incomes. Gardner and Stern (2008), indicate that energy efficiency behaviors 
are more impactful than curtailment behaviors and that the former is preferable for higher income households (Stern 
& Gardner, 1981; Poortinga et al., 2003).  
 Though household income may be a pressing issue for investing or not investing in measures of energy 
efficiency, motivations for investment may depend on context. In a revealing study, Brounen, Kok, and Quigley 
(2013) found that elderly individuals made choices based on their life stage and not solely on finances. In particular, 
study participants were presented with a hypothetical situation in which they were homeowners with broken heating 
systems. They were asked to make a decision regarding the replacement of the broken heating system and were 
presented with two options. Option 1 had a higher initial price but a shorter payback period whereas option 2 had a 
lower initial price but a longer payback period. Brounen et al. (2013) found that older participants, persons who 
were 70 years of age and older, chose the heating system with the lower initial cost but with the longer payback 
period. Interestingly, however, is that several participants rationalized their decision by claiming that they expected 
to live shorter lives than the payback period of the more expensive system. What initially seemed to be the more 
irrational decision is, in actuality, a thoughtful decision that accounts for life expectancy.  
 
Household size 
 
For most studies on household energy use, household size, and specifically the number of persons per household, is 
typically included as a control variable. Generally, a positive relationship exists between household size and 
household energy use such that, as the number of persons per household increases so does the amount of total 
household energy consumption (e.g., Abrahamse & Steg, 2011; Benders, Kok, Moll, Wiersma, & Noorman, 2006; 
Brown, Gorgolewsk, & Goodwill, 2015). According to Frederiks et al. (2015), this may be because larger 
households may use and have more appliances, have more disposable income to spend on energy consumption, and 
have greater demand requirements such as cooking and cleaning. However, when energy use is measured per person 
the relationship appears to be reversed, with one-person households using the highest amount of energy per capita 
(Holloway & Bunker, 2006). The question then becomes: how does household size affect the adoption of energy 
efficiency? There is limited study on this, however, Mills and Schleich (2010) found that both the market entry of 
CFLs as well as its intensity of adoption increases as the number of household members increases. Ameli and Brandt 
(2015) also found that the number of household members is positively related to investments in solar panels and 
light bulbs. It is possible, that larger households may have more disposable income to invest in energy efficiency. 
Further, it is possible that larger households are more motivated to be energy efficient given that the number of 
persons per household increases the total amount of household energy consumption.  
 
Dataset and variables    
 
Data for this analysis came from the Households and the Environment Survey (HES), 2013, which is a nation-wide 
survey administered by Statistics Canada used to collect data on the environmental behaviors and practices of 
households. This survey was previously administered in 1991, 1994, 2006, 2007, 2009, and 2011. The current study 
used data from the public use microdata file, which was collected between September and December 2013. The 
survey included questions on various environmental topics including but not limited to recycling, composting, 



 

consumption and conservation of water, and purchasing decisions. Our particular interest related to questions on 
household energy use and home heating and cooling, including several measures of energy efficiency. 
 This is a sample survey with a cross-sectional design consisting of households selected from respondents to 
the Canadian Community Health Survey, which generated its sample using an area frame, a list frame of telephone 
numbers, and random digit dialing. Data were collected from representatives of selected households using Computer 
Assisted Telephone Interviewing. The initial 2013 HES sample size consisted of 31,962 dwellings and the response 
rate for this survey was 75.4%. Data are weighted to compensate for the probability of selection and to match 
Canadian households with the population in reference to province and household size.  
 We are interested in the energy efficiency activities of Canadians, and therefore, our dependent variables 
were drawn from the energy efficiency variables found in the 2013 HES. First, in order to examine the lighting 
choices of Canadians, we examined whether or not households had any of five energy-saving lighting types (i.e., 
compact fluorescents, fluorescent tubes, halogen lights, LED holiday lights, and other types of LEDs). This 
dichotomous variable is composed of two groups: households who responded to having any or all of these lighting 
types and households who responded to not having any of these energy-saving lighting types. Second, we examined 
the adoption of programmable thermostats. Programmable thermostats can be defined as a device that automatically 
controls the temperature within a room by reacting to the room’s temperature and can be set to certain temperatures 
according to the time of day (Natural Resources Canada, n.d.). In particular, households were asked, “Is your main 
thermostat programmable?” We focused our attention on whether or not households had programmable thermostats 
rather than whether or not households were using the programmable thermostats. While adoption is relatively 
straightforward—and indicative of a promising behavior—determining whether or not a thermostat is being used 
optimally requires more detailed apparatus (e.g., logging functions on thermostats). With the third dependent 
variable we examined whether or not changes were made to a household’s dwelling as a result of an energy audit. 
Therefore, we were not only interested in whether or not households conducted energy audits, but if they made 
changes because of the audits. Given that the changes resulting from an energy audit are more likely to substantially 
reduce energy use than an energy audit itself, we believe that concentrating on these changes to be more valuable. 
We do acknowledge, however, that the action of conducting an energy audit is a very important and crucial first 
step. This third variable, in comparison to the other dependent variables, consisted of a much smaller subsample 
comprising only those households who responded “yes” to having conducted an energy audit first. 
 For the first predictor variable, and due to the limitations of the dataset, we could not disaggregate the age 
variable to use it, strictly, as a meaningful predictor variable. That is, this predictor captured both age and household 
composition. Our classification method is thus somewhat similar to other studies using the concept of the family life 
cycle (e.g., Fritzsche, 1981) but pertains more to household type and composition such as in Mills and Schleich 
(2012). Specifically, categories were composed of children (persons 0 to 17 years of age), middle age adults 
(persons 18 to 64 years of age), and seniors (persons 65 years of age and older). Households composed of middle 
age adults with children and seniors were combined with households composed only of seniors and children, given 
that the latter group was very small. Other demographic predictors included the highest level of education ever 
completed by any member of the household, household income, and household size. It should be noted that this 
public use microdata file measured income using three categories: less than $40,000, $40,000 to $80,000, and more 
than $80,000. We were thus limited to these categories in our analyses. 
 Control variables were included based on research suggesting their potential impact on energy consumption 
and conservation (e.g., Abrahamse & Steg, 2009; Brounen et al., 2013; Fritzsche, 1981; Macey, 1988; Mills & 
Schleich, 2012; Sardianou & Genoudi, 2013; Warriner, 1981). The following control variables were included in the 
models: province of residence, homeownership, dwelling type, tenure (i.e., duration of residence), vintage (i.e., age 
of dwelling), type of main heating equipment, air conditioning, and whether or not a government grant was received 
as part of a home energy retrofit program. Table 1 provides a summary of the measurement of all variables.  
 
 
 
 
 
 
 
 
 
 
 



 

Table 1 List of variables and measurement 
 

Variable Measurement 
Energy saving lights Dichotomous variable: 0 = does not have any energy saving lights /1 = has energy 

saving light(s) 
Programmable thermostat Dichotomous variable: 0 = not programmable/1=programmable 
Dwelling changes 

resulting from an energy 
audit 

Dichotomous variable: 0 = no changes made/1=changes made 

Household composition Dummy variables: middle age adults only (reference)/middle age adults with 
children/middle age adults, children, and seniors /seniors only 

Education Dummy variables: high school or less/some postsecondary, postsecondary 
certificate, or diploma/university (reference) 

Household income Dummy variables: less than $40,000/$40,000 to less than $80,000/ $80,000 or more 
(reference) 

Household size Dummy variables: one person (reference)/two persons/three persons/four or more 
persons 

Province of residence Dummy variables: Maritimes/Prairies/Quebec/British Columbia/Ontario (reference) 
Homeowner Dichotomous variable: 0 = no/1 = yes 
Dwelling type Dichotomous variable: 0 = low or high-rise apartment/1 = single detached, double, 

row, or terrace, duplex, institutions, hotels, rooming/lodge house, camps, and 
mobile homesa 

Tenure Dummy variables: less than 5 years (reference)/5 to less than 10 years/10 to less 
than 20 years/20 to less than 30 years/30 years and more 

Vintage Dummy variables: before 1960/ between 1961 and 1977/ between 1978 and 1995/ 
after 1996 (reference) 

Main heating equipment Dummy variables: forced air furnace (reference)/electric baseboards/heating stove, 
heat pump, or electric radiant heating/boiler with hot water or steam 

Air conditioning Dichotomous variable: 0 = no/1= yes 
Government grant Dichotomous variable: 0 = no/1= yes 

 
aThis public use microdata file could not be disaggregated further. It should be noted that in 2011, of the 13,230,610 
Canadian households, single detached houses comprised 7,239,150 of total households, apartments larger than five 
storeys comprised 1,234,770 of total households, and semis, row housing, apartments in duplex or apartments with 
less than five storeys comprised 4,573,185 households. The remainder was classified as movable dwellings 
(Statistics Canada, 2011). 
 
Method of analysis and diagnostics  
 
All analyses were carried out using SPSS version 21. To examine the effect of the predictor variables (i.e., 
demographic variables) on the dichotomous measures of energy efficiency, binary logistic regressions were used. 
Specifically, three separate binary logistic regressions were conducted on each of the following dependent variables: 
energy-saving lights, programmable thermostats, and dwelling changes resulting from an energy audit.  
 Multicollinearity was assessed, as several variables have the potential to be related. Specifically, variance 
inflation factors (VIFs) and tolerance levels were assessed with respect to suggested values in the literature (Pan & 
Jackson, 2008; Rogerson, 2001). Results were within limits with our lowest tolerance being equal to 0.27. Missing 
data were also carefully examined. With the exception of four variables, the variables in the models have less than 
5% of cases missing for an unknown reason and thus were not significant concerns. Approximately 6% of cases 
were missing for the programmable thermostat variable. However, almost all of these cases were valid skips and 
belonged to respondents who did not have thermostats. Further, approximately 6% of respondents did not state 
whether or not any changes were made to their dwelling as a result of an energy audit and whether or not a 
government grant was received as part of a home energy retrofit program. Upon closer inspection, we found that 
those who did not state their responses to these two questions previously answered that they were unaware whether 
or not an energy audit was conducted for their dwelling. With respect to income, 3778 respondents did not state their 
household income and a missing cases analysis revealed significant differences. However, given that significance is 
almost always obtained with large samples, Cramer’s V was additionally used to measure the strength of the missing 
cases analysis. With respect to household type, we found that households composed of middle age adults only 



 

reported their household income less than the other household types, p < 0.001, Cramer’s V = 0.15. Households with 
members completing university as well as two-person households were also less likely to report their income, p < 
0.001, Cramer’s V = 0.08, for both. We also found that households in Ontario reported their income less than 
households in all other provinces, p < 0.001, Cramer’s V = 0.09. Last, households living in their dwelling between 
10 and less than 20 years as well as households using a forced air furnace for their main heating equipment reported 
their income less than households not belonging in these groups, p < 0.001, Cramer’s V = 0.08 and 0.04, 
respectively. Although the measures of association found here can be categorized as negligible to weak (i.e., 
Cramer’s V can have values between 0 and 1 with values closer to 1 being stronger; Rea & Parker, 2014), some 
caution should be exercised when interpreting the effects of the demographic variables, province of residence, 
tenure, main heating equipment, and household income, given the ways in which the missing cases may be biasing 
these estimates. Table 2 provides summary statistics for all the variables used in all three logistic regressions. 
 
  



 

Table 2 Descriptive statistics for full sample of HES respondents (N = 22,238)  
 

Variable Categories Percentagea Valid 
Responses 

Energy saving lights Has energy saving lights 89.4% 22,151 
 Does not have energy saving lights 10.6%  
Programmable thermostat Programmable  57.1% 20,919 
 Not programmable 42.9%  
Dwelling changes from an energy 
audit 

Changes made 62.9% 3,429 

 No changes made 37.9%  
Household composition Middle age adults only 46.5% 22,201 
 Middle age adults with children 26.9%  
 Middle age adults, children, and seniors  9.0%  
 Seniors only 17.6%  
Education High school or less 22.2% 21,966 
 Some postsecondary, postsecondary 

certificate, or diploma 
27.9%  

 University 49.9%  
Household income Less than $40,000 24.5% 18,460 
 $40,000 to less than $80,000 33.3%  
 $80,000 or more 42.3%  
Household size One person 25.8% 22,226 
 Two persons 35.0%  
 Three persons 15.4%  
 Four or more persons 23.8%  
Province of residence Maritimes 7.1% 22,238 
 Prairies 17.2%  
 Quebec 24.9%  
 British Columbia 37.3%  
 Ontario 13.4%  
Homeownership Own home 72.1% 22,238 
 Does not own home 27.9%  
Dwelling type Low/high-rise apartment 24.0% 21,456 
 All dwellings, other than apartments 76.0%  
Tenure Less than 5 years 28.0% 22,189 
 5 to less than 10 years 23.4%  
 10 to less than 20 years 25.1%  
 20 to less than 30 years 12.6%  
 30 years and more 10.9%  
Vintage Before 1960 24.2% 21,266 
 Between 1961 and 1977 23.0%  
 Between 1978 and 1995 28.4%  
 After 1996 24.4%  
Main heating equipment Forced air furnace 53.7% 22,060 
 Electric baseboards 28.5%  
 Heating stove, heat pump, radiant heating 8.6%  
 Boiler with hot water or steam 9.3%  
Air conditioning Has AC 54.5% 22,234 
 Does not have AC 45.5%  
Government grant Government grant received 47.0% 3,256 
 Government grant not received 53.0%  

aWeighted descriptive statistics 
 
 
 
 



 

Results and discussion  
 
Lights 
 
In 2013, 89.4% of Canadians claimed having at least one of the energy saving lighting types whereas 10.6% of 
Canadians claimed to not have any of the energy-saving lighting types. As shown in Table 3, compact fluorescents 
were the most popular type of energy saving-light followed by fluorescent tubes and LED holiday lights.  
 
Table 3 Percentage of households with energy saving lights by lighting type in Canada in 2013 (weighted) 
 

Type of energy-saving light Yes No 
Compact fluorescent  73.0 27.0 
Fluorescent tubes  41.2 58.8 
LED holiday lights  40.0 60.0 
Halogen lights  36.8 63.2 
Other types of LEDs 13.8 86.2 

 
An 11-predictor logistic regression was fitted to the data to test the research hypothesis regarding the relationship 
between the likelihood of Canadian households adopting energy-saving lights, their demographics, province of 
residence, homeownership, and several dwelling characteristics. Overall, the independent and control variables 
explain 15.2% of the variance in the model. Further, the Hosmer–Lemeshow test yielded a Χ2(8) of 11.03 and was 
not significant (p > 0.05), suggesting that the model fitted the data well.  
 The coefficients relating to household type indicate that senior-only households as well as households 
composed of middle age adults, children, and seniors are more likely to have energy-saving lights than households 
composed strictly of middle age adults. After controlling for education, household income, household size, province 
of residence, homeownership, dwelling type, and other dwelling characteristics, senior only households have 59% 
higher odds of having energy-saving lights than middle age-only households. Similarly, households composed of 
middle age adults, children, and seniors have 31% higher odds of having energy-saving lights than middle age-only 
households, controlling for all other model variables.  
 The odds ratio for education shows that when the highest level of education ever completed by any member 
of the household is high school or less, households have 40% lower odds of having energy-saving lights than 
households with members who completed university, controlling for all other model variables. Conversely, when the 
highest level of education ever completed by any member of the household is some postsecondary, postsecondary 
certificate, or diploma, households have 28% higher odds of having energy-saving lights than households in which 
the highest level of education attained by any member is university, controlling for all other model variables.  
 The model shows that the odds of having energy-saving lights substantially increase when household 
income belongs in the highest income bracket. Specifically, the odds ratio for household income shows that making 
less than $40,000 is associated with a 59% decrease in the odds of having energy-saving lights compared to 
households making $80,000 or more, controlling for the other variables in the model. Similarly, the odds ratio shows 
that making between $40,000 and $80,000 is associated with a 47% decrease in the odds of having energy-saving 
lights compared to households making $80,000 or more, controlling for the other variables in the model. 
 Interestingly, the odds ratio for household size shows that having four or more persons in your home is 
associated with a 48% increase in the odds of having energy-saving lights compared to one-person households, after 
controlling for all model variables. Coefficients for two- and three-person households are not significant. 
 In addition to the demographic variables, we found that homeowners are more likely to have energy-saving 
lights than those who are not homeowners; homeowners are 2.77 times more likely to have energy-saving lights than 
non-homeowners, controlling for education, household income, household size, province of residence, dwelling 
type, and the other dwelling characteristics (Table 4). 
 
 
 
 
 



 

Table 4 Logistic regression predicting the odds of households having energy-saving lights 
 

Variable β SE Exp(β) 
Province of residencea    

Maritimes 0.23 0.13  
Prairies -0.19 0.09 0.83 
Quebec -0.05 0.09  
British Columbia 0.17 0.11  

Homeowner 1.0 0.08 2.77 
Dwellings, other than apartment 0.11 0.08  
Duration of residenceb    

5 to less than 10 years 0.19 0.08 1.21 
10 to less than 20 years 0.08 0.08  
20 to less than 30 years  0.43 0.13 1.54 
More than 30 years -0.10 0.12  

Vintagec    
Before 1960 -0.06 0.09  
Between 1961 and 1977 0.16 0.10  
Between 1978 and 1995 -0.02 0.09  

Heating equipmentd    
Electric baseboards -0.11 0.09  
Heating stove, heat pump, electric radiant -0.28 0.12 0.76 
Boiler with hot water or steam -0.17 0.11  

Air conditioning 0.20 0.07 1.22 
Household compositione    

Middle age adults with children 0.07 0.12  
Seniors only 0.47 0.09 1.59 
Middle age adults, children, and seniors 0.27 0.14 1.31 

Educationf    
High school or less -0.51 0.07 0.60 
Some postsecondary, postsecondary 

certificate, or diploma 
0.24 0.08 1.28 

Household incomeg    
Less than $40,000 -0.89 0.10 0.41 
$40,000 to less than $80,000 -0.64 0.09 0.53 

Household sizeh    
Two persons 0.14 0.08  
Three persons -0.06 0.12  
Four or more persons  0.39 0.14 1.48 

Constant      1.88 
Nagelkerke pseudo-R2   0.152 

Source. 2013 Household and the Environment Survey 
Note. Odds ratios are presented only for variables that have a statistically significant effect on the dependent variable 
(p < 0.05). N included in model = 15,907   
aReference group: Ontario 
bReference goup: Respondent has lived in their residence for less than 5 years 
cReference group: After 1996 
dReference group: Forced air furnace 
eReference group: Middle age adults only 
fReference group: University 
gReference group: More than $80,000 
hReference group: One person 
 
 
 
 



 

Thermostats 
 
Approximately 57% of households responded “yes” to having a programmable thermostat while 43% of households 
responded “no”. Similar to energy-saving lights, an 11-predictor logistic regression was fitted to the data to test the 
research hypothesis regarding the relationship between the likelihood of Canadian households adopting 
programmable thermostats, their demographics, province of residence, homeownership, and several dwelling 
characteristics. Overall, the independent and control variables explain 24.7% of the variance in the model. For this 
model, the Hosmer–Lemeshow test was significant (p < 0.05); however, this test cannot always be regarded as the 
best indicator for assessing goodness of fit (Allison, 2014). Additionally, 70.4% of cases were classified correctly. 
 As shown in Table 5, households composed of middle age adults with children are substantially more likely 
to have programmable thermostats. After controlling for education, household income, household size, province of 
residence, homeownership, dwelling type, and other dwelling characteristics, middle age adults with children have 
31% higher odds of having programmable thermostats than households composed strictly of middle age adults. 
 The coefficients relating to education indicate that households are less likely to have programmable 
thermostats in which the highest level of education attained by any member is less than university. In particular,  
when the highest level of education ever completed by any member of the household is high school or less, 
households have 16% lower odds of having a programmable thermostat compared to households in which the 
highest level of education is university, controlling for all other model variables. Similarly, when the highest level of 
education ever completed by any member of the household is some postsecondary, postsecondary certificate, or 
diploma, households have 19% lower odds of having a programmable thermostat, compared to households in which 
the highest level of education is university, controlling for all other model variables. 
 The model shows that the odds of having a programmable thermostat substantially increase for households 
with higher incomes. Specifically, the odds ratio for household income shows that making less than $40,000 is 
associated with a 26% decrease in the odds of having a programmable thermostat compared to households making 
$80,000 or more, controlling for the other variables in the model. Similarly, the odds ratio shows that making 
between $40,000 and $80,000 is associated with a 33% decrease in the odds of having a programmable thermostat 
compared to households making $80,000 or more, controlling for the other variables in the model. 
 Similar to energy-saving lights, the odds ratio for household size shows that having several occupants is 
associated with an increase in the odds of having a programmable thermostat. In particular, two- and three-person 
households are both associated with a 16% increase in the odds of having a programmable thermostat compared to 
one-person households, after controlling for the other model variables.  
 Additionally, homeowners have 77% higher odds of having a programmable thermostat compared to non-
homeowners, controlling for demographics, province of residence, and dwelling characteristics. The coefficients for 
vintage indicate that households living in older dwelling are less likely to have programmable thermostats. The 
model shows that households living in dwellings built before 1960 have 27% lower odds of having a programmable 
thermostat compared to dwellings built after 1996, controlling for all other variables in the model. Households living 
in dwellings built between 1961 and 1977 have 24% lower odds of having a programmable thermostat compared to 
dwellings built after 1996, controlling for all other variables in the model. Finally, households, living in dwellings 
built between 1978 and 1996 have 11% lower odds of having a programmable thermostat compared to dwellings 
built after 1996, controlling for all other variables in the model. Thus it appears that the odds of having a 
programmable thermostat increase with each year of construction. With respect to heating equipment, the odds of 
having a programmable thermostat are lower for households who do not have a forced air furnace. Specifically, all 
groups (i.e., households with electric baseboards, heating stoves, heat pumps, and radiant heating, and households 
with boilers with hot water or steam) have lower odds of having a programmable thermostat compared to 
households that have a forced air furnace for their main heating equipment, controlling for all other model variables. 
Our model also shows differences in the uptake of programmable thermostats according to province. It is worth 
noting that households in the province of Quebec have 69% higher odds of having a programmable thermostat 
compared to the province of Ontario (the reference group). This may be explained by Quebec’s predominance for 
using electricity for heating, compared to other provinces, and that electric systems lend themselves to faster 
responses for setbacks. 
 
 
 
 
 
 



 

Table 5 Logistic regression predicting the odds of households having programmable thermostats 
 

Variable β SE Exp(β) 
Province of residencea    

Maritimes -0.85 0.08 0.43 
Prairies -0.19 0.06 0.83 
Quebec 0.53 0.06 1.69 
British Columbia -0.47 0.07 0.63 

Homeowner 0.57 0.06 1.77 
Dwellings, other than apartment 0.72 0.06 2.06 
Duration of residenceb    

5 to less than 10 years 0.19 0.06 1.21 
10 to less than 20 years -0.12 0.05 0.89 
20 to less than 30 years  -0.27 0.07 0.76 
More than 30 years -0.40 0.08 0.67 

Vintagec    
Before 1960 -0.32 0.06 0.73 
Between 1961 and 1977 -0.28 0.06 0.76 
Between 1978 and 1995 -0.12 0.06 0.89 

Heating equipmentd    
Electric baseboards -0.93 0.06 0.40 
Heating stove, heat pump, electric radiant -0.53 0.07 0.60 
Boiler with hot water or steam -0.82 0.08 0.44 

Air conditioning 0.53 0.04 1.69 
Household compositione    

Middle age adults with children 0.27 0.70 1.31 
Seniors only 0.09 0.06  
Middle age adults, children, and seniors 0.07 0.07  

Educationf    
High school or less -0.17 0.05 0.84 
Some postsecondary, postsecondary 

certificate, or diploma 
-0.21 0.05 0.81 

Household incomeg    
Less than $40,000 -0.31 0.06 0.74 
$40,000 to less than $80,000 -0.40 0.05 0.67 

Household sizeh    
Two persons 0.15 0.05 1.16 
Three persons 0.15 0.08 1.16 
Four or more persons 0.16 0.08  

Constant      -0.22 
Nagelkerke pseudo-R2     0.247 

Source. 2013 Household and the Environment Survey.  
Note. Odds ratios are presented only for variables that have a statistically significant effect on the dependent variable 
(p < .005). N included in model = 14,745   
aReference group: Ontario. 
bReference goup: Respondent has lived in residence for less than 5 years 
cReference group: After 1996 
dReference group: Forced air 
eReference group: Middle age adults only 
fReference group: University 
gReference group: More than $80,000 
hReference group: One person 
 
 
 



 

Audits 
 
For the subsample who responded yes to an energy audit having been conducted for their dwelling, and answering 
yes to the energy audit having been conducted in the past 10 years, approximately 62% of respondents reported 
making changes as a result of the audit while nearly 38% of households did not. A 12-predictor logistic regression 
was fitted to the data to test the research hypothesis regarding the relationship between the likelihood of Canadian 
households making changes to their household’s dwelling as a result of an energy audit, their demographics, 
province of residence, homeownership, several dwelling characteristics, and whether or not a government grant was 
received as part of a home energy retrofit program. Overall, the independent and control variables explain 44.1% of 
the variance in the model. Further, the Hosmer–Lemeshow test yielded a Χ2(8) of 14.49 and was not significant (p > 
0.05), indicating that the null hypothesis of a good model fit to the data was acceptable.  
 The coefficients relating to household type indicate that senior only households as well as households 
composed of middle age adults with children are less likely to make changes to their dwelling after conducting an 
energy audit than households composed strictly of middle age adults. After controlling for education, household 
income, household size, province of residence, homeownership, dwelling type, other dwelling characteristics, and 
whether or not a government grant was received, senior only households have 44% lower odds of making changes to 
their dwelling than middle age only households. Similarly, households composed of middle age adults with children 
have 32% lower odds of making changes to their dwelling than middle age only households, controlling for all other 
model variables. 
 The odds ratio for education shows that households in which the highest level of education ever completed 
by any member of the household is some postsecondary, postsecondary certificate, or diploma is associated with a 
25% decrease in the odds of making dwelling changes after conducting an energy audit, after controlling for the 
other variables in the model.  
 The coefficients relating to household size indicate that larger households are more likely to make changes 
to their dwelling after conducting an energy audit than one-person households. In particular, two-person households 
have 61% higher odds of making changes to their dwelling compared to one-person households, controlling for all 
other model variables. Similarly, four-person or more households are 2.58 times more likely to make changes to 
their dwelling compared to one-person households, controlling for all other model variables. 
 Though we are primarily interested in the relationship between demographics and changes made to 
dwellings resulting from energy audits, a few of the control variables seem particularly important. First, this model 
demonstrates that households who received a government grant as part of a home energy retrofit program are almost 
9 times more likely to make changes to their dwelling as a result of an energy audit, compared to households who 
did not received a government grant, controlling for all other variables in the model. Further, the coefficients 
relating to vintage indicate that households living in older dwellings are more likely to make changes to their 
dwelling after conducting an energy audit than households living in dwellings constructed more recently. After 
controlling for all other model variables, dwellings that were built before 1960 are 8.6 times more likely to make 
changes to their dwelling compared to dwellings built after 1996. Dwellings built between 1961 and 1977 are 7.6 
times more likely to make changes to their dwelling compared to dwellings built after 1996 and dwellings built 
between 1978 and 1995 are 4.9 times more likely to make changes, compared to dwellings built after 1996 (Table 
6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Table 6 Logistic regression predicting the odds of households making changes due to an energy audit 
 

Variable β SE Exp(β) 
Province of residencea    

Maritimes 0.60 0.25 1.82 
Prairies -0.04 0.19  
Quebec -0.29 0.18  
British Columbia 0.17 0.24  

Homeowner 0.62 0.22 1.86 
Dwellings, other than apartment 0.25 0.24  
Duration of residenceb    

5 to less than 10 years 0.85 0.18 2.33 
10 to less than 20 years 0.99 0.18 2.69 
20 to less than 30 years  0.51 0.21 1.67 
More than 30 years 0.20 0.22  

Vintagec    
Before 1960 2.15 0.20 8.60 
Between 1961 and 1977 2.03 0.19 7.60 
Between 1978 and 1995 1.58 0.19 4.90 

Heating equipmentd    
Electric baseboards 0.29 0.18  
Heating stove, heat pump, electric radiant 0.20 0.21  
Boiler with hot water or steam 0.27 0.25  

Air conditioning 0.27 0.13 1.31 
Government grant for energy audit 2.17 0.13 8.80 
Household compositione    

Middle age adults with children -0.39 0.19 0.68 
Seniors only -0.58 0.17 0.56 
Middle age adults, children, and seniors -0.10 0.20  

Educationf    
High school or less 0.20 0.17  
Some postsecondary, postsecondary certificate, 

or diploma 
-0.29 0.13 0.75 

Household incomeg    
Less than $40,000 0.03 0.19  
$40,000 to less than $80000 -0.01 0.14  

Household sizeh    
Two persons 0.48 0.17 1.61 
Three persons -0.21 0.23  
Four or more persons 0.95 0.25 2.58 

Constant     -3.53 
Nagelkerke pseudo-R2     0.441 

Source. 2013 Household and the Environment Survey  
Note. Odds ratios are presented only for variables that have a statistically significant effect on the dependent variable 
(p < 0.05). N included in model = 2,257   
aReference group: Ontario 
bReference goup: Respondent has lived in residence for less than 5 years 
cReference group: After 1996 
dReference group: Forced air 
eReference group: Middle age adults only 
fReference group: University 
gReference group: More than $80,000 
hReference group: One person 
 
 



 

General discussion 
 
The results suggest that demographic characteristics contribute, in part, to household adoption of energy efficiency 
measures. Our findings are thus comparable to the energy consumption literature (e.g., Huebner, Hamilton, Chalabi, 
Shipworth, & Oreszczyn, 2015; Santin, 2011) in that demographic characteristics are important for predicting both 
energy consumption and energy efficiency. Although related, these are very different arenas of research given that 
the impact of similar demographic characteristics can vary across both areas of research. For example, higher-
income households are likely to use more energy than lower-income households but these same higher-income 
households also have more potential to invest in energy efficiency (Abrahamse & Steg, 2009). The current findings 
are therefore important for demonstrating not only how Canadians are using energy, but more specifically, the 
characteristics that contribute to the efficient use of energy.  

Our findings demonstrate that age and household composition appear to be relevant for the technologies 
that were analyzed and for the choices surrounding energy-efficient dwelling changes. It appears that households 
with seniors adopt energy-saving lights the most, whether they are senior-only households or extended households 
formed of middle age adults with children and seniors. Interestingly, it is possible that seniors are driving the 
adoption of energy-saving lights. Earlier studies confirm that the probability of investing, or entry into the market, 
increases with age for energy-efficient lighting and is higher among retired persons (Ameli & Brandt, 2015; Mills & 
Schleich, 2010). For programmable thermostats, younger families have higher odds of adoption and our findings are 
in line with similar research examining the role of age and family type in choosing various energy-efficient 
technologies (e.g., Mills & Schleich, 2012). With respect to making dwelling changes after conducting an energy 
audit, it appears that senior-only households and households composed of middle age adults with children are 
making changes the least. Here it is possible that seniors and families are less interested in the potentially very 
involved upgrades or installations associated with efficiency dwelling changes. The public use microdata file that 
was used in this analysis did not specify the types of dwelling changes that households could make after conducting 
an energy audit; however, we believe that it is safe to assume that some of these changes would be less difficult and 
less involved, such as caulking or weather stripping, and some of the changes would be more difficult and more 
involved, such as installing new heating systems. Although Ameli and Brandt (2015) found that the probability of 
investment in heat thermostats, thermal insulation, and energy-efficient windows increases with age, they and others 
confirm that the probability of investing declines with age for more innovative changes (Ameli & Brandt, 2015; 
Mahapatra & Gustavsson, 2008). Even more, research demonstrates that households with older members 
demonstrate preference for older style heating systems (Michelsen & Madlener, 2012). Similarly, it is possible that 
the seniors in this study are also demonstrating less inclination for the more “innovative” energy efficiency retrofits. 
It is also possible that the seniors in this study are making decisions based on a cost-benefit analysis, accounting for 
life expectancy.  
 Generally, the results here show that lower levels of education decrease the odds of adopting technology 
and making dwelling changes and are similar to the results of other studies (Mills & Schleich, 2012; Michelsen & 
Madlener, 2012; Sardianou & Genoudi, 2013). Interestingly, we found for households where the highest level of 
education ever completed by any member of the household is some postsecondary, postsecondary certificate, or 
diploma, the adoption of energy-saving lights increases, compared to university-level educated households. Though 
researchers are often limited to certain types of datasets and variable information, such as in national surveys, both 
future surveys and studies should collect more information on different levels of education to examine possible 
nuances for the effects of education. For both programmable thermostats and dwelling changes, households having 
members with less than a university level of education significantly reduce the odds of adoption and this effect is 
similar to other research showing the effect of education on the adoption of different types of technology (Mills and 
Schleich (2012). These results suggest that certain types of technology adoption and retrofit behavior appeal to more 
educated households and could be related to being curious about innovation as suggested in previous findings 
(Michelsen & Madlener, 2012; Sardianou & Genoudi, 2013). It is also possible that higher levels of education are 
associated with an openness for change, which is plausibly connected to technology adoption and energy efficiency. 
These types of findings imply that education is an important factor and should be leveraged through educational 
programs on energy consumption, generally, as well as energy efficiency, more specifically.  
 With the exception of dwelling changes resulting from energy audits, our results for income are very 
similar to other research demonstrating that higher levels of household income correspond to higher levels of energy 
efficiency adoption (Ameli & Brandt, 2015; Michelsen & Madlener, 2012; Nair et al., 2010). Although we found no 
effect of income on dwelling changes, households who received a government grant as part of a home energy retrofit 
program were substantially more likely to make changes to their dwelling as a result of an energy audit, compared to 
households who did not receive a government grant. As such, the driving force behind dwelling changes may not be 
income, but rather the provisioning of incentives. In Canada energy efficiency incentives or grants can be supported 



 

by municipal, provincial/territorial government programs, as well as electric and gas utility programs (Natural 
Resources Canada, n.d.). Typically, not all capital costs are covered but a substantial amount can be, depending on 
the scope of the work. In this study we controlled for income, and, potentially, capital constraints, which would 
theoretically decrease as income increased. As such, it appears that grants incentivize across levels of income. This 
strengthens evidence pertaining to the importance of financial incentives for dwelling changes and retrofits, and is 
bound to be impactful as higher-income households use more energy per capita. This result also suggests that 
instead of relieving a capital-constraint, that rebates either address an information deficit, and/or demonstrate the 
motivational power of economic incentives, irrespective of their proportional relationship to a person’s income. We 
recommend that programs keep offering incentives for encouraging the adoption of energy efficiency measures.  

In this study we were limited to three income categories however future research could benefit from 
looking at differences between various income categories to examine if there is a linear trend, overall, or if the effect 
of household income is slightly more nuanced as in Mills and Scleich (2010). Even more, some studies suggest that 
middle-income households may be the most likely to save on energy because lower-income households may be 
unable to further reduce their energy use and higher-income households may not want to reduce their energy use 
(Verhage, 1980). More research may provide stronger evidence in this area. 

Similar to Ameli and Brandt (2015) and Mills and Scheich (2010), we found that increases in the number of 
household members generally lead to more energy efficiency adoption. Therefore, while larger sized households 
generally use more energy, they may also adopt more measures of energy efficiency. There is limited research in 
this area but possibly an explanation for this phenomenon is that as the number of people in a household increase, so 
do the motivations to be more energy efficient, which may translate into energy efficiency behavior. Another 
explanation for this behavior may come from community-based social marketing wherein the power of influencing 
one’s neighbor can be extended to the power of influencing a household member (McKenzie-Mohr, 2011).   

Apart from demographic determinants, it is clear that individuals who own their homes versus individuals 
who do not, respond differently to measures of energy efficiency. Across all three observed measures of energy 
efficiency, homeowners versus renters were more likely to adopt the technology or to make dwelling changes. This 
type of finding is not surprising given the issue of split incentives (or principal-agent problems) whereby differing 
incentives can lead to different behaviors between owner-occupied households and renter-occupied households 
(Gillingham, Harding, & Rapson, 2012). For example, renters may choose to underinvest in measures of energy 
efficiency due to capital constraints and/or short housing tenures because they may not benefit from the financial 
returns on their investments. In our modeling, we controlled for both household income (and therefore capital 
constraints) as well as housing tenure and still found that homeowners were more likely to adopt energy efficiency 
technology or to make dwelling changes. For many renters, utilities are included in the rent, i.e., they are paid by the 
owner. As such, it is possible that even after controlling for tenure and income, renters who do not pay directly for 
their utilities may be less motivated by measures of energy efficiency given that they will not experience direct 
financial benefits. Further, renters who do not pay for their utilities may misperceive their housing costs leading to 
higher-temperature settings, more frequent use of air conditioning, and at cooler temperatures, as well as adopting 
fewer measures of energy efficiency. The issue of energy ‘invisibility’ may be addressed by assisting households 
and occupants with monitoring their energy usage. With more and more smart meters being rolled out across the 
country, there is an opportunity for tracking energy usage. Further, if households are motivated to participate in 
energy efficiency and need feedback for encouragement, home energy displays could be a solution. We also suggest 
that many renters may be unaware of their plans for a housing tenure prior to renting a dwelling. For example, while 
on paper a renter may have lived in the same place for 6 years, it is plausible that this was an initial 1-year 
commitment, followed by a series of ad hoc extensions of their tenure. In this way, the 6-year tenure is spilt up into 
segments which would lend itself to less invenstment in the property than their 6-year tenure would suggest.  

It is important to note that the examination of the energy efficiency gap in terms of financial costs and 
benefits (e.g., Jaccard & Dennis, 2006) has received criticism (Wilson, Crane, & Chyrssochoidis, 2012). Many argue 
that the energy efficiency gap has been incorrectly conceptualized and reduced to a question of rationality that 
assumes individuals to be motivated decision-makers who are occupants living in dwellings rather than individuals 
who share homes (Maller & Horne, 2011; Shove, 1998). Conversely, a sociological lens argues for examining 
energy efficiency and, specifically, renovations through the view of routine, every day, and shared practices that 
constitute home life (Wilson et al., 2012). In particular, renovations consist of periodic or ongoing features of 
domestic life rather than a one-off event (Fawcett, 2014). As such, households and families may choose not to adopt 
measures of energy efficiency, not because of financial constraints, but due to the disruption such decisions may 
lead to or because of their existing relationship with their home, which may prevent making changes. Furthermore, a 
lack of motivation to be energy efficient may be influenced by personal-level variables. These can include attitudes 
toward and beliefs about energy use or energy efficiency and the environment (Stern, 2000). These social science 
perspectives are important to note as they may help with better understanding the phenomenon of household energy 



 

efficiency. As such, future large-scale surveys and research need to incorporate these types of questions and relevant 
variables into their research.  
 Overall, our results are in line with findings from other studies but our findings regarding seniors are 
particularly interesting. We notice that senior households appear to be interested in energy efficiency as seen from 
their adoption of energy-saving lights, more so than other household types. However, the same group of seniors does 
not appear to be making changes to their dwellings after conducting energy audits. Thus, it appears that this group is 
interested in measures of energy efficiency but not all available measures of energy efficiency. Due to the increasing 
number of senior households, the high percentage of older homeowners, and what appears to be a preference for 
aging in the home, rather than in out-of-home care facilities (Sabia, 2008), research on energy efficiency among 
senior households needs to continue. In 2013, 71% of Canadians aged 65 to 74 owned their homes while 70.5% of 
those aged 75 to 84 owned their homes (CMHC, 2012). Further, approximately 85% of Canadians 55 years and 
older want to remain in their homes for as long as possible, even if they experience changes to their health (CMHC, 
2008). Older studies have been conducted on this demographic and have found that aging and adoption of energy 
conservation and efficiency are, generally, negatively associated (Berry & Brown, 1988; Berry & Schweitzer, 1991; 
Brown & Rollinson, 1985). However, more up-to-date work needs to address this group’s behaviors. In particular, 
future energy transitions that incorporate energy innovation will need all types of households to participate, 
including senior households. Therefore, research needs to continue given the implications in the current changing 
energy landscape. 
 
Conclusion  
 
In Canada, there are more households, homes are larger with less people in them, and there are more appliances per 
household. Even more, as with other countries, Canada’s population is aging. These changes will not only influence 
the manner in which energy will be used but will also influence the manner in which people choose to reduce their 
energy use. All over, researchers and decision-makers are developing effective solutions and new technologies to 
increase household energy efficiency; however, their uptake will depend on and improve with a better understanding 
of the individuals that are being targeted. For example, aging may have direct consequences for energy efficiency if 
different types of age groups show preferences for different measures of energy efficiency, with some measures 
being more efficient than others. Although it was found that Canadian households are participating in energy 
efficiency, not all groups are participating equally. Therefore, our results demonstrate the need for future work to 
determine which efficiency behaviors individuals and households are participating in, and how best to support them 
in their adoption of energy efficiency. 
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