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Abstract

It is regarded that targeted energy efficiency improvements to residential, commercial, and
industrial buildings are essential components of an effective climate action plan. While the energy
performance of buildings in Ontario has improved, projected future emission totals are inconsistent with
the commitments ratified at the Paris Accord. Over 60% of residential energy consumption is devoted to
space heating in Ontario. Further, the mainstream usage of natural gas furnaces is delaying potential
progress on achieving the Provincial and Federally ratified climate action goals. There is a pressing need
to facilitate the residential adoption of low carbon and energy efficient alternatives to reduce the carbon

emissions associated with seasonal space heating requirements.

Technical improvements have made the air source heat pump among the most efficient and
reliable heating systems available on the market. Despite these improvements, many residential
consumers in Ontario are not aware of the functional reliability and energy performance of cold-climate
heat pumps. Consequently, provincial rates of heat pump adoption are low. Previous researchers have
claimed that a sustained provision of focused awareness building campaigns is essential to stimulating
residential interest in heat pump adoption. However, these conclusions have not been sufficiently tested in

Ontario.

The present study’s sample consisted of 158 homeowners and landlords in the Region of
Waterloo. A between group pre-test post-test research design examined the direction and change to the
reported probability of heat pump adoption after administering a focused educational intervention to two
seminar cohorts and two online survey cohorts. Descriptive and inferential tests of significance
demonstrated that the probability of heat pump adoption significantly increased in each experimental
group when the existing heating system required replacement. The reported high probability of adoption
on a five-point Likert scale increased from 40% to 73% in the seminar cohorts and from 33% to 51% in
the survey cohorts when the existing system required replacement. The high probability of adoption in the
seminar cohort’s post-test scores increased from 17% within the year to 73% when the existing system



required replacement. The high probability of adoption in the survey cohort’s post-test scores increased

from 8% within the year to 51% when the existing system required replacement.

It is concluded that local environmental organizations may play a strategic role in facilitating
interest in heat pump adoption by distributing positive and reliable information throughout their contact
lists and by hosting awareness building seminars. This may increase the frequency in which homeowners
discuss the technology, and raise public exposure to cold-climate heat pumps. The sustained diffusion of
information should make important contributions to raising residential exposure and interest in high

performance heat pump models.
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Chapter One: Introduction

The Potential to Improve Building Performance

Unsustainable patterns of economic growth and high global carbon emissions are acknowledged
as principal drivers of human induced climate change (Climate Action Tracker, 2019; Environment and
Climate Change Canada, 2016, 2018; Rockstrom et al., 2009; Steffen et al., 2018; Williams et al., 2014).
Global climate zones are shifting, causing an increase to the frequency and intensity of extreme weather
patterns and events (Rockstrom et al., 2009; Steffen et al., 2018). The effects on Earth’s terrestrial
systems are demonstrated through altered natural habits and species biodiversity. Abusing these already
precarious ecosystem’s threatens global food and water security, especially among vulnerable populations
(Environment and Climate Change Canada, 2016, 2018; IPCC, 2018; Mckibben, 2012; Rockstrom et al.,

2009; Williams et al., 2014).

The world’s nations joined in Paris, in 2015, at the 21st Conference of the Parties to negotiate a
framework to mitigate the increasingly observable rates of climate change in the Anthropocene. Eventual
commitments were made to restrict the average global temperature increase to within 2 degrees Celsius.
Ambitious goals were set to further limit the global temperature increase to within 1.5 degrees Celsius.
The deeper targets were set to further respect the increased vulnerability to climate related disasters faced
by small island states and coastal communities (Climate Action Tracker, 2019; Environment and Climate
Change Canada, 2016, 2015; United Nations & FCCC, 2015). Canada ratified emission reductions of
30% relative to 2005 levels by 2030 as a national contribution to restricting the global temperature
increase. A deeper reduction of 80% was pledged by 2050 (Climate Action Tracker, 2019, 2015). The
International Panel on Climate Change (IPCC) has projected that global carbon emissions must decrease
25% by 2030, while net zero emissions are required by 2070 to respect the 2-degree threshold. Remaining
within the 1.5-degree threshold requires deeper reductions of 45% relative to 2010 levels by 2030 and net

zero emissions by 2050 (IPCC, 2018).



Progress towards the targeted 2 degrees temperature threshold has been critiqued as insufficient
(Climate Action Tracker, 2019; IPCC, 2018; Steffen et al., 2018). The IPCC (2018) has projected that the
national legislatures formed would result in global carbon emissions of 52-58 GtCO.eq per year by 2030.
The projected emission totals will rapidly deplete humanity’s remaining carbon budget, preventing the
possibility of remaining within the 2-degrees threshold. If the average global temperature exceeds 2
degrees Celsius, irreversible feedback cycles will result. For example, droughts and wildfires will destroy
precious carbon sinks, while pollutants will be released into the atmosphere with the melting of
permafrost and ice sheets (Steffen et al., 2018). Catalyzing these feedback cycles will produce
catastrophic and irreversible global impacts to food security, clean water, and species biodiversity

(Rockstrom et al., 2009; Steffen et al., 2018).

Canada is currently failing to implement the required actions to achieve the ratified emission
reductions. The Climate Action Tracker has projected that National emission totals are projected to
increase to 794 MT CO-e by 2030, a 30% increase relative to the emission levels recorded in 1990
(Climate Action Tracker, 2019). A reconsideration of current private and political support oriented at
facilitating deep sectoral carbon reductions is essential to avoid the irreversible impacts of anthropogenic
climate change (Environment and Climate Change Canada, 2016, 2018; IPCC, 2018; Rockstrém et al.,

2009; Steffen et al., 2018; United Nations & FCCC, 2015; Williams et al., 2014).

Generating electricity through renewable and low carbon primary energy sources, facilitating the
adoption of high efficiency technologies in commercial and residential buildings, and encouraging
responsible residential energy management will all make important contributions to reducing global
carbon emissions (Environment and Climate Change Canada, 2016, 2018; IESO, 2017; IPCC, 2018;
Lovins, 2014; Ruokamo, 2016; Satnik, 2019; Williams et al., 2014; Wyse & McVey, 2018). Generating
electrical and heat energy constitutes 25% of global GHG emissions (US EPA, 2016). Further, the
residential sector was responsible for 27% of global energy consumption and 17% of recorded emission

totals in 2015 (Nejat, Jomehzadeh, Taheri, Gohari, & Abd. Majid, 2015). The International Energy



Agency (IEA) project that just under 40% of the emission reductions required to stay within the 2 degree
temperature threshold are obtainable through deep energy efficiency retrofits on industrial, commercial,
and residential buildings (Baxter et al., 2013; OECD/IEA, 2011). These findings are supported by Lovins
(2014), who concluded that deep energy efficiency retrofits could reduce the energy consumption of the

United State’s building sector by 75%.

While Canada’s building sector is not the largest contributor to national emission totals, an
opportunity exists to obtain carbon reductions through sustained commercial and residential efficiency
improvements (Environment and Climate Change Canada, 2016; IESO, 2017; Leach, n.d.; NRCAN,
2017; Patel, Tran, McKenzie, & Sferrazza, 2015; Safa, 2012; Toronto and Region Conservation
Authority, 2018; Wyse & McVey, 2018). Canada’s building sector composed 14% of national emission
totals in 2013 (NRCAN, 2013). Buildings contributed 19% of Ontario’s emission totals the same year
(Government of Ontario, 2013, 2016). The building sector was the third largest sectoral contributor to
national emission totals in 2016, contributing 81.4 MT COze of 704 MT CO.e (Environment and Climate
Change Canada, 2019). A growing population and economic expansion threatens to increase Ontario’s
residential and commercial carbon emissions, indicating a pressing need to obtain residential action on

efficiency improvements (Government of Ontario, 2013, 2016; Satnik, 2019).

The Government of Ontario has formed partnerships with municipalities, the Independent
Electricity System Operator (IESO), and local distribution companies (LDC) to provide the required
support to actualize commercial and residential efficiency improvements. Further, the energy
performance of buildings in Ontario has improved through provincial partnerships with the Federal
Government to establish and enact stricter Building Codes and Green Building Standards (Environment
and Climate Change Canada, 2016; NRCAN, 2013; Satnik, 2019). However, the rate of improvement is
inconsistent with the deep decarbonization scenario that is necessary to mitigate the observable effects of
anthropogenic climate change (Climate Action Tracker, 2019; Environment and Climate Change Canada,

2018).



There is an opportunity to obtain emission reductions in commercial and residential buildings by
encouraging the adoption of low carbon and energy efficient heating systems given the high seasonal
heating requirements in Canada (Canada & Office of Energy Efficiency, 2012; Government of Ontario,
2016; IESO, 2017; Leach, n.d.; NRCAN, 2013; Patel et al., 2015; Szekeres & Jeswiet, 2016, 2018a,
2018b; Toronto and Region Conservation Authority, 2018; Wyse & McVey, 2018). Seasonal heating
degree days (HDD) provide an estimate of a region’s seasonal heating requirements by calculating the
average difference between the daily temperature and 18 degrees Celsius (Canada & Office of Energy

Efficiency, 2012). Canada is split into four heating degree zones, as shown in Figure 1. below.

Figure 1. National Seasonal Heating Degree Days

A W upto3500 HDD
B B 3500-5000 HDD
C O 5001-6500 HDD
D O more than 6500 HDD

Image retrieved from Canada & Office of Energy Efficiency, 2012.

Most of the populated regions of Canada are within heating degree zones B, averaging 3500-
5000 seasonal HDDs. Space heating constitutes 63% of national residential energy consumption as a
result of the high heating requirements (NRCAN, 2013). Szekeres & Jeswiet (2016) observed that a
consistent percentage of residential energy consumption is devoted to space heating in Ontario. Further,
the usage of natural gas and other fossil fuel furnaces is delaying potential emission reductions that are
achievable through facilitating the adoption of low carbon and energy efficiency market alternatives
(IESO, 2017; Leach, n.d.; Patel et al., 2015; Szekeres & Jeswiet, 2016, 2018a, 2018b).

4



The combustion of natural gas and fuel oil to satisfy provincial space heating requirements is a
large contributor to Ontario’s residential emission totals (Environment and Climate Change Canada,
2016, 2018; Szekeres & Jeswiet, 2016, 2018a, 2018b). The combustion of natural gas for electricity
production and end use sources of energy was responsible for 48.6 MT CO-e in 2016. The emissions from
the combustion of natural gas have increased by 35.6 MT COe since 1990 (Environment and Climate
Change Canada, 2018). Currently, 60% of residential consumers in Ontario heat their home’s with a
natural gas furnace (IESO, 2017). The use of fossil fuels accounted for 90.6% of the province’s
residential GHG emissions in 2012 (Szekeres & Jeswiet, 2018a). Space heating contributed 50% of the
City of Toronto’s reported emission totals in 2015 (Patel et al., 2015). Further, the building sector is
responsible for 24% of the air pollutants in Ontario (Government of Ontario, 2016). These emissions are
projected to increase as population growth continues and provincial access to natural gas pipelines

expands (Environment and Climate Change Canada, 2016, 2018; Government of Ontario, 2013, 2016).

Investments to expand natural gas pipelines are continuing to be pushed by utility regulators and
are supported through provincial legislation (Wyse & McVey, 2018). These investments are sustained,
even after 2 billion dollars was invested in expanding natural gas pipelines through 2015-2017 (Enbridge
Gas, 2019a). Pipeline expansion typically targets rural regions of the province to increase natural gas
access to homes that are heated with electricity or oil. However, these homes are already ideal candidates
for residential heat pump adoption. These policies will only further encourage the residential usage of
natural gas and overlook an opportunity to improve the energy performance of buildings in Ontario
(IESO, 2017; Leach, n.d.; Patel et al., 2015; Toronto and Region Conservation Authority, 2018; Wyse &

McVey, 2018).

Encouraging residential adoption of high-performance cold-climate heat pump models is an ideal
technical solution to achieve the required provincial energy savings and carbon reductions (Government
of Ontario, 2016; IESO, 2017; Leach, n.d.; NRCAN, 2013; Patel et al., 2015; Szekeres & Jeswiet, 2016,

2018a, 2018b; Toronto and Region Conservation Authority, 2018; Wyse & McVey, 2018). During the



heating season, the heat pump uses a fan to draw ambient air into a coil located outside of the home. The
air passes over a refrigerant fluid, which boils and expands into a vapour at a low temperature. The

vapour enters the heat pump’s compressor. The compressor reduces volume of the vapour, increasing its
temperature. The heated vapour enters the indoor coil, which releases the energy into the home’s heating
circuits. The refrigerant condenses back into a liquid and passes back through the heat pump’s expansion
valve, lowering its pressure and temperature. The refrigerant returns to the evaporator in the outdoor coil,
and the heating process is repeated as necessary. The same process is reversed during the cooling season

to remove warm air from inside of the house (NRCAN, 2017).

Technical improvements have made cold-climate heat pumps among the most energy efficient
heating system’s currently available on the market (Bertsch & Groll, 2008; Chua, Chou, & Yang, 2010;
Dentz, Podorson, Varshney, & Energy, 2014; IESO, 2017; Mitsubishi Electric, 2017a; Safa, 2012;
Szekeres & Jeswiet, 2016, 2018a, 2018b; Toronto and Region Conservation Authority, 2018). A heating
system’s coefficient of performance (COP) rating indicates the heat energy that a system produces
relative to the energy that it consumes. Modern heat pumps display average COP ratings ranging between
2 and 4 during the heating season (NRCAN, 2017). Heat pumps typically operate at 300% energy
efficiency in optimal temperatures, producing three units of heat energy for every kWh input into system
(NRCAN, 2017). These efficiency ratings are possible because the air source heat pump moves heat
energy using phase changes (liquid-gas). Fossil fuel furnaces can never exceed 100% energy efficiency

because of the heat energy that is lost from the combustion of the fuel source.

The heat pump’s COP decreases as temperatures decline. However, technical improvements are
continuing to increase the heat pump’s performance in cold-climates (Bertsch & Groll, 2008; Chua et al.,
2010; Dentz et al., 2014; NEEP, 2014; Safa, 2012; Szekeres & Jeswiet, 2016, 2018a, 2018b). Feasibility
studies have concluded that modern cold-climate air source heat pumps display high seasonal
performance reliability when installed across Ontario (IESO, 2017; Patel et al., 2015; Szekeres & Jeswiet,

2016, 2018a, 2018b; Toronto and Region Conservation Authority, 2018). The heat pump’s COP relative



to market alternatives will also provide notable carbon emission reductions, particularly if fossil fuel
furnaces are replaced with high performance models (IESO, 2017; Leach, n.d.; Patel et al., 2015;

Szekeres & Jeswiet, 2016, 2018b, 2018a; Wyse & McVey, 2018).

The primary energy source that is used to generate the region’s electricity determines the carbon
emissions associated with electrical space heating (Baxter et al., 2013; OECD/IEA, 2011). Producing
electricity through carbon intensive sources, such as oil and coal, will not provide lifecycle emission
reductions that are obtainable in regions with low carbon electricity sources. Meaningful emission
reductions are obtainable in Ontario because almost 90% of the electricity is produced from hydro, wind,
and nuclear energy sources (Environment and Climate Change Canada, 2016, 2018; Government of
Ontario, 2013a, 2016; IESO, 2017, 2019b; IPCC, 2018; NRCAN, 2017; Williams et al., 2014).
Consuming electricity results in carbon emissions of 40 gCO.e / kWh heat, relative to natural gas which
produces 215 gCO2e / kWh heat and furnace oil which produces 351 gCO-e / kWh (Szekeres & Jeswiet,
2018a). Natural gas furnaces have been estimated to produce 15 times the CO-e of a mini-split air source
heat pump operated in Toronto (Nieboer, n.d). Szekeres & Jeswiet (2018a, 2018b) project that provincial
energy savings and emission reductions of almost 9% are achievable if 10% of the homeowners using a
fossil fuel furnace installed a cold-climate heat pump. Provincial feasibility studies conclude that
increasing the residential adoption rate of the air source heat pump could make notable contributions to
achieving provincial emission reductions of 37% by 2030 (IESO, 2017; Leach, n.d.; Patel et al., 2015;

Szekeres & Jeswiet, 2016, 2018b, 2018a; Wyse & McVey, 2018).

The Government of Ontario acknowledged the need to reduce sectoral emission totals in the
provincial climate action plan released in 2016 (Government of Ontario, 2016). Ontario set emission
reduction targets of 37% relative to 1990 by 2030. Ambitious reductions of 90% were set for 2050
(Government of Ontario, 2016). The plan specifically referenced the growing need to facilitate residential
energy efficiency improvements and to encourage the residential adoption of low carbon heating systems.

A crucial component of this goal was to ensure that the public was aware and educated on the availability



of low carbon and energy efficient market technologies, including high-performing heat pump models

(Government of Ontario, 2016).

Although commitments were made to facilitate residential heat pump adoption, provincial
feasibility studies conducted by the Independent Electricity System Operator (IESO) (2017) and Wyse &
McVey (2018) conclude that market barriers are delaying provincial heat pump adoption. It has been
suggested that the current price differential between natural gas and electricity is the most substantial
barrier to heat pump adoption. However, it is important to acknowledge that there has been an observed
awareness gap pertaining the functional reliability and energy performance of modern cold-climate heat
pumps. Further, it is concluded that there is insufficient regulatory support to facilitate local awareness
building campaigns and financial assistance programs to stimulate the heat pump’s provincial rate of
adoption (IESO, 2017; Patel et al., 2015; Toronto and Region Conservation Authority, 2018; Wyse &
McVey, 2018). The reviewed provincial feasibility studies conclude that focused awareness building
campaigns are essential to increase residential exposure and interest in heat pump adoption (IESO, 2017;
Leach, n.d.; Patel et al., 2015; Szekeres & Jeswiet, 2016, 2018a, 2018b; Toronto and Region
Conservation Authority, 2018; Wyse & McVey, 2018). However, there is a lack of experimental data to

support these conclusions in Ontario.

1.1.Research Purpose, Questions, & Hypotheses

The purpose of this study was to address the provincial research gap by examining if focused
awareness building campaigns can stimulate interest in residential heat pump adoption. Emphasis was
placed on examining the role that local environmental organizations can have on increasing residential
exposure and interest in cold-climate heat pumps. A second objective of the study was to determine if two
seminar sessions hosted by a local environmental organization would be more effective at increasing

interest in heat pump adoption than directly providing consumers with information through digital media.



A series of research questions and hypotheses were developed to test the claims of the theories of
consumerism reviewed in the next chapter, arguing that consumers are slow to adopt innovative and
unfamiliar technologies (Ajzen, 1991; Bamberg & Maser, 2007; Kldckner, 2013; E. M. Rogers, 1983,
2010). The research questions and hypotheses were also directed at providing deeper insight into the
reviewed provincial barriers to heat pump adoption (IESO, 2017; Patel et al., 2015; Toronto and Region
Conservation Authority, 2018; Wyse & McVey, 2018). Descriptive research questions were developed to

determine the sample population’s awareness of cold-climate heat pump models;

1) Are participants aware of the technical improvements in heat pumps?
2) Are participants aware of the availability of cold-climate heat pump models?
3) Are participants confident in the heat pump’s performance reliability prior to receiving the

educational intervention?

Inferential research questions were also developed to examine the effectiveness of educating the
public on how the heat pump functions, and the benefits that are associated with using a heat pump

including;

1) How will a reduced energy bill influence the probability of heat pump adoption?

2) How will a reduced residential carbon footprint influence the probability of heat pump
adoption?

3) How will a reduced consumption of purchased energy influence the probability of heat pump

adoption?

Three directional hypotheses were developed to test the reviewed theories of consumerism and
the conclusions of the provincial feasibility studies regarding the effectiveness of focused awareness
building campaigns (Ajzen, 1991; Bamberg & Mdoser, 2007; IESO, 2017 Klockner, 2013; Patel et al.,
2015; E. M. Rogers, 1983, 2010; Toronto and Region Conservation Authority, 2018; Wyse & McVey,

2018);



H1: If participants are provided with positive reviews from early system adopters then the

reported probability of heat pump adoption will increase.

H2: If participants are educated on the performance capacity and relative advantages to using a

heat pump then the reported probability of adoption will increase.

H3: Interpersonal seminar sessions will be more effective at increasing the reported probability of

heat pump adoption than providing information through digital media.

1.2.Research Context

The study took place throughout 2018-2019 in the Region of Waterloo, Southern Ontario. A
sample of 158 homeowners and landlords were recruited from a population of approximately 550,000
residents (Region of Waterloo, 2017). Similar to other municipalities across Ontario, the Region of
Waterloo released a climate action plan in 2013 to facilitate municipal emission reductions
(ClimateActionWR, 2013). Residential emissions constituted 22% of the Region’s emission totals (Brown
et al., 2015; ClimateActionWR, 2013). It was reported that 60-80% of the region’s residential energy
consumption was devoted to space heating. Further, 80% of the Region’s residential emission totals were

caused by the combustion of natural gas to meet these heating requirements (Brown et al., 2015).

The Region of Waterloo set specific targets to facilitate residential carbon emission reductions by
increasing residential awareness to low carbon and energy efficient alternative heating systems
(ClimateActionWR, 2013). The Region of Waterloo celebrated a five percent reduction relative to 2010
levels by 2015. Municipal emissions would have increased by 4.4% in the absence of the phase out of
coal from the provincial electrical grid (Brown et al., 2015). Residential heat pump adoption provides a
strategic way to continue to reduce the Region’s residential emission totals. The impacts that local
awareness building campaign can have on simulating residential heat pump adoption warrants further

investigation.

10



1.3.Research Strategy

There are insufficient studies in Ontario to support the conclusions that educational interventions
will constitute effective market interventions to mitigate the reported barriers to heat pump adoption.
However, the reviewed market literature was observed to consistently measure the direction and change
to a sample population’s perceptions and interest in heat pump adoption following an educational
treatment (Caird & Roy, 2010; Caird, Roy, & Herring, 2008; Caird, Roy, & Potter, 2012; Ipsos MORI &
Energy Saving Trust, 2013; Owen, Mitchell, & Unsworth, 2013; Snape, Boait, & Rylatt, 2015). The
present study adopted the same research design to compare and contrast the results of the present sample

with broader debates regarding the reported market barriers to heat pump adoption.

The researcher established partnerships with Reep Green Solutions and eMERGE Guelph to
recruit the sample for each experimental cohort. A cross-sectional questionnaire was provided at two
separate seminar sessions hosted by Reep. An online intervention was provided to two survey cohorts to
compare the effectiveness of the two experimental treatments. A pre-test of the awareness to modern heat
pump models, the perceived reliability, the impact of the relative advantages, and the reported probability
of adoption was collected before each experimental group received the educational intervention. A post-
test of the perceived reliability and reported interest in heat pump adoption was collected immediately

after the intervention to measure the direction and change on the reported probability of adoption.

1.4 Contributions

The present study aimed to provide further evidence to explain the low rate of heat pump
adoption in Ontario relative to other regions of Canada. Ensuring that heat pump adoption increases will
make important contributions to achieving the provincial climate action goals, warranting research
designed to provide a greater understanding to the market barriers to heat pump adoption. Identifying the
factors that motivate a participant to install a particular heating system can provide insights to certain

populations that may be more receptive to learning about the relative advantages to using a heat pump.

11



Further, the research aimed to provide further insights into the effectiveness of raising residential
exposure to modern efficient technologies, including high-performance cold-climate heat pumps.
Determining if awareness building campaigns will observably increase the reported interest in heat pump
adoption will provide important contributions to future private and public efforts at improving the energy

performance of Ontario’s building sector.

1.5 Overview

A thorough review of the provincially reported market barriers to heat pump adoption provided
by the IESO (2017) and Wyse & McVey (2018) is provided in the following Chapter. The identified
market barriers are nestled into broader discussions of the psychological and sociological determinants to
consumer behavior. Further, consistencies are drawn between the identified barriers and the conclusions
presented within a larger body of reviewed market literature examining the feasibility for residential heat
pump adoption. The chapter concludes with a discussion of the recommendations as proposed by the
IESO (2017) and Wyse & McVey (2018) regarding the need to ensure that awareness building campaigns

are sustained across Ontario and are reinforced by appropriate financial incentives.

A detailed description of the methodology and experimental procedures used to examine the
research questions and hypotheses under investigation is presented in Chapter Three. The chapter
concludes with a discussion of the descriptive and inferential tests of significance used to compare the
direction and change of the outcome variable within and between experimental groups. The results of the
experimental treatment are presented in Chapter Four and are elaborated in Chapter Five.
Recommendations are provided based on the findings of the current study and the conclusions of the
IESO (2017), Satnik (2019), and Wyse & McVey (2018) regarding the need to sustain provincial
awareness building campaigns and strategically designed incentive models to stimulate interest in heat

pump adoption.
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Chapter Two: Literature review

Barriers to Residential Heat Pump Adoption: Understanding Consumer Behavior

Cold-climate heat pumps are among the most reliable and energy efficient heating system’s
currently available (Bertsch & Groll, 2008; NEEP, 2014; NRCAN, 2017; Safa, 2012; Szekeres & Jeswiet,
2018a). However, provincial rates of heat pump adoption are being delayed by several market barriers
(IESO, 2017; Wyse & McVey, 2018). It is suggested that the heat pump’s purchase, installation, and
operational costs are discouraging homeowners from replacing an existing natural gas furnace with a
cold-climate heat pump. However, it has also been argued that the public is not aware of the functional
reliability and energy performance of cold-climate heat pumps (IESO, 2017; Leach, n.d.; Patel et al.,

2015; Toronto and Region Conservation Authority, 2018; Wyse & McVey, 2018).

Wyse & McVey (2018) have suggested a lack of robust regulatory assistance from private and
public institutions is perpetuating the reported barriers to residential heat pump adoption. It is concluded
that the provision of financial assistance to mitigate the reported economic barriers can increase
residential action on efficiency improvements, including heat pump adoption (Caird et al., 2012; N. R. C.
Government of Canada, 2018; Huijts, Molin, & Steg, 2012; IESO, 2017; Ipsos MORI & Energy Saving
Trust, 2013; Klockner, 2013; Lillemo, Alfnes, Halvorsen, & Wik, 2013; Satnik, 2019; Wyse & McVey,
2018). However, these incentive programs will likely fail to obtain action on residential efficiency
improvements unless awareness to the advantages offered by cold-climate heat pumps is increased (IESO,
2017; Leach, n.d.; Patel et al., 2015; Szekeres & Jeswiet, 2016, 2018a, 2018b; Toronto and Region

Conservation Authority, 2018).

It is important to reflect upon the motivating factors to a consumer’s consumption patterns to
effectively design future financial assistance programs and awareness building campaigns (Ajzen, 1991;
Bamberg & Mdser, 2007; Han & Stoel, 2017; Hecher, Hatzl, Knoeri, & Posch, 2017; Huijts et al., 2012;

Kldckner, 2013; E. M. Rogers, 1983, 2010). Meta-analysis studies have concluded that perceived
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personal, social, and environmental consequences are psychological determinants to a consumer’s
consumption patterns (Bamberg & Maser, 2007; Han & Stoel, 2017; Hecher et al., 2017; Klockner,
2013). Rational consumers are unlikely to a purchase a technology if they perceive the disadvantages to
outweigh the advantages associated with adoption (Ajzen, 1991; Huijts et al., 2012; E. M. Rogers, 1983).
However, a consumer who is unfamiliar with a technology’s performance metrics cannot conduct a
rational cost-benefit analysis (Aertsens, Verbeke, Mondelaers, & Huylenbroeck, 2009; Bamberg &
Moser, 2007; Han & Stoel, 2017; Klockner, 2013; E. M. Rogers, 1983). Therefore, unfamiliar and
innovative technologies are slow to be perceived as attractive and reliable market alternatives, even when
they are superior to market competitors (Ajzen, 1991; Bamberg & Mdser, 2007; Howarth & Andersson,

1993; Kldéckner, 2013; E. M. Rogers, 1983, 2010; Wyse & McVey, 2018).

It has been concluded that raising public exposure to a technology’s performance metrics
catalyzes adoption rates (Ajzen, 1991; Bamberg & Mdser, 2007; Klockner, 2013; E. M. Rogers, 1983).
Rogers (1983) Diffusion of Innovations theory elaborates on the specific conditions that must be satisfied

to increase an unfamiliar or innovative technology’s rate of adoption;

(1) Relative Advantage: The consumer must perceive the technology to be superior in performance
reliability and offer measurable benefits to the product that is being replaced,

(2) Compatibility: A consumer must be confident in the technology’s suitability for their particular
lifestyle requirements,

(3) Complexity: Consumers are attracted to technologies that are easy to understand and operate,

(4) Observability & (5) Trialability: Receiving reliable information from competent sources and
through interactions between social networks often increases a consumer’s interest in installing an
unfamiliar technology. However, the public must be exposed to the technology for this
information exchange to be possible. Frequent technological exposure reduces the perceived
complexity, demonstrate performance reliability, and increases awareness to the advantages

associated with system adoption. As the system’s rate of adoption increases, the consumer is
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exposed to technology more frequently during their daily encounters and social interactions. The
technology’s adoption rate is projected to show further increases if public exposure to reliable and

positive information is sustained.

The provincial barriers identified by the IESO (2017) and Wyse & McVey (2018) demonstrate
consistent violation with the variables that Rogers’ affirms are necessary to increase technological
adoption, as shown in Table 2.1 below. It should not be concluded that the price disparity between natural
gas and electricity is the most significant provincial barrier to residential heat pump adoption without first
examining the impacts of satisfying each of the conditions outlined in the Diffusion of Innovations
theory. The results will provide crucial insights to the motivations to consumer behavior and can help to

facilitate the success of future market interventions oriented at increasing provincial heat pump adoption.

Table 2.1: Provincially Identified Barriers and the Diffusions of Innovations Theory

Rogers’ Variables Provincially Identified Barriers
(1983)

Trialability & | There is insufficient residential awareness to the functional reliability and energy

Observability | performance of cold-climate heat pumps in Ontario (IESO, 2017; Patel et al., 2015;
Toronto and Region Conservation Authority, 2018; Wyse & McVey, 2018). Heat
pumps constitute 0.0002% of provincially installed residential heating systems
(IESO, 2017). Consequently, homeowners do not have sufficient exposure to cold-
climate heat pumps to determine the system to be a reliable and attractive market
alternative.
Relative Advantage & | The provincial price disparity between natural gas and electricity is regarded as the
Compatibility | most substantial barrier to residential heat pump adoption in Ontario. However,
consumers are not aware of the energy savings available by replacing an oil furnace
or electric baseboards with a cold-climate heat pump. Consumers are also skeptical of
the heat pump’s performance reliability during the winter. It is suggested that the lack
of exposure and awareness to cold-climate heat pumps perpetuates negative public
perceptions and inhibits residential system adoption (IESO, 2017; Leach, n.d.; Patel
et al., 2015; Wyse & McVey, 2018).
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Complexity | Residents have reported that they do not know how to properly operate their air
source heat pump. The heating and cooling industry is also reported to lack
information on the proper installation and operational procedures for cold-climate
heat pumps. This is resulting in faulty installations and the provision of inconsistent
and inaccurate information to residential consumers. Consequently, performance
deficiencies are being experienced, contributing to the negative consumer perceptions
and the reported skepticism regarding the heat pump’s seasonal heating performance
(IESO, 2017; Wyse & McVey, 2018). Homeowners who experience performance
deficiencies are unlikely to recommend the heat pump to other members of their

social networks, perpetuating the misconceptions and lack of exposure to cold-

climate heat pumps (Ajzen, 1991; Rogers, 1983).

The Diffusion of Innovations theory concludes that focused information exchange is required to
raise exposure and interest in the adoption of unfamiliar and innovative technologies (Rogers, 1983). This
information effectively reduces skepticism regarding a technology’s performance reliability and raises
exposure to the relative advantages associated with adoption. This ensures that consumers are able to
conduct a rational cost-benefit analysis regarding system adoption (Ajzen, 1991; Huijts et al., 2012; E. M.
Rogers, 1983). It is concluded that market barriers delaying an unfamiliar or innovative technology’s rate
of adoption will continue to be mitigated as public exposure to reliable information is increased (Ajzen,
1991; Bamberg & Mdser, 2007; Han & Stoel, 2017; Hecher et al., 2017; Kldckner, 2013; E. M. Rogers,
1983, 2010). However, it is concluded that the required regulatory support to develop and implement
awareness building campaigns and financial assistance programs is not being provided to property owners

in Ontario (IESO, 2017; Patel et al., 2015; Wyse & McVey, 2018).

The IESO (2017) and Wyse & McVey (2018) have concluded that focused awareness building
campaigns and the provision of financial assistance programs will make important contributions to
increasing residential exposure and interest in heat pump adoption. These conclusions remain consistent
with a wider body of reviewed market literature examining the impacts of raising residential awareness to

modern energy efficient technologies, including cold-climate heat pumps (Braun, 2010; Caird & Roy,
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2010; Caird et al., 2012; Thomas Decker & Menrad, 2015; Hecher et al., 2017; Ipsos MORI & Energy
Saving Trust, 2013; Lillemo et al., 2013; Michelsen & Madlener, 2016; Mills & Schleich, 2012;
Ruokamo, 2016; Snape et al., 2015; Sopha, Kldckner, Skjevrak, & Hertwich, 2010; Zografakis,
Menegaki, & Tsagarakis, 2008). However, to date these conclusions have been insufficiently tested in
Ontario. Addressing this research gap will help to effectively align educational interventions into
municipal and provincial climate action initiatives. Further, determining if there is a significant impact on
the reported probability of adoption depending on how the public receives this information will provide
future insights for the development of effective awareness building campaigns. Each of the identified

barriers to heat pump adoption is discussed in greater detail throughout the following subsections.

2.1 Economic Barriers to Heat Pump Adoption

Market research has concluded that consumers are hesitant to replace a functional heating system,
even after being educated on superior market alternatives (Bjernstad, 2012; Caird & Roy, 2010; Caird et
al., 2008, 2012; Howarth & Andersson, 1993; IESO, 2017; Ipsos MORI & Energy Saving Trust, 2013;
Lillemo et al., 2013; Owen et al., 2013; Roy et al., 2010; Ruokamo, 2016; Snape et al., 2015; Szekeres &
Jeswiet, 2018a; Wyse & McVey, 2018). Further, homeowners report being preferential to less expensive
efficiency improvements (Caird & Roy, 2010; Ipsos MORI & Energy Saving Trust, 2013). Ipsos MORI
& Energy Saving Trust (2013) observed that 81% of their sample would not replace their heating system
unless it required expensive repairs. Further, a homeowner often selects a replacement model according to
its purchase and operational costs (IESO, 2017; Ipsos MORI & Energy Saving Trust, 2013; Lillemo, n.d.;
Lillemo et al., 2013; Owen et al., 2013; Snape et al., 2015; Szekeres & Jeswiet, 2018a; Wyse & McVey,

2018).

Regional variations between fuel sources is a predictive factor of which heating system’s will be
predominately used (Braun, 2010; Nesbakken, 2001; Vaage, 2000). A homeowner’s annual income can
also restrict otherwise willing consumers from replacing an existing heating system, particularly if their

energy bills will increase (Lillemo, n.d.; Lillemo et al., 2013). Caird et al. (2012) reported that a heating
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system’s operational costs were the most significant factor influencing adoption. These findings have
been consistently demonstrated across the reviewed market literature (Braun, 2010; Caird et al., 2012;
Thomas Decker & Menrad, 2015; Hecher et al., 2017; Ipsos MORI & Energy Saving Trust, 2013;
Michelsen & Madlener, 2016; Owen et al., 2013; Ruokamo, 2016; Snape et al., 2015; Szekeres & Jeswiet,

2016, 2018b, 2018a).

The importance of regional fuel costs on the heat pump’s installation rate has been demonstrated
in Newfoundland and Labrador. The Muskrat falls Hydro dam is set to come online at the end of 2020. It
has been projected that residential electricity rates will increase by approximately 50% to pay for the dam.
Heat pump adoption increased by 57% from 10,321 to 37,321 installed systems between 2014 to 2018
after the Province announced the increased electricity rates. The majority of the homeowners that were
installing mini-split or ducted heat pump models were using electric baseboards rather than oil or gas
furnaces. It has been concluded that the heat pumps adoption rate was a response to avoid increasing
energy bills by reducing energy required to heat the home (Bird, 2019; Quinn, 2019). The response by
homeowners has demonstrated that rates of technological adoption are likely to be influenced by changes

to the regional costs of various fuels.

The price differential between natural gas and electricity in Ontario is concluded to be the most
substantial market barrier to provincial heat pump adoption (IESO, 2017; Leach, n.d.; Patel et al., 2015;
Toronto and Region Conservation Authority, 2018; Wyse & McVey, 2018). The IESO (2017) has
observed that a heat pump’s operational costs can be 120% higher than using a natural gas furnace. It is
concluded that that the price/m? of consumed gas would have to increase by over 50% for the heat pump
to become an economically competitive market alternative (IESO, 2017). The financial barriers delaying
heat pump adoption are reflected by the provincial market share of natural gas furnaces (60%) relative to

air source heat pumps (0.0002%) (IESO, 2017).

Consumer behavior is motivated by the presence of direct personal benefit (Ajzen, 1991; IESO,
2017; Klockner, 2013; Wyse & McVey, 2018). Provincial feasibility studies have concluded that financial
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assistance programs and disincentive models such as the federal carbon tax are required to reduce the
price disparity between the operational costs of a heat pump and a natural gas furnace (IESO, 2017; Patel
et al., 2015; Szekeres & Jeswiet, 2016, 2018a, 2018b; Wyse & McVey, 2018). Projected rates of heat
pump adoption are low in the absence of these conditions (IESO, 2017; Szekeres & Jeswiet, 2016, 2018a,
2018b; Wyse & McVey, 2018). However, it is suggested that early rates of heat pump adoption can be
leveraged by strategically targeting properties that will receive financial benefits from the retrofit (IESO,
2017; Leach, n.d.; Patel et al., 2015; Szekeres & Jeswiet, 2016, 2018a, 2018b; Toronto and Region

Conservation Authority, 2018; Wyse & McVey, 2018).

2.2 Opportunities for Energy Savings

There is an existing business case in Ontario to replace an oil furnace or electric baseboard
heaters with a high-performance heat pump (Calder, 2017; IESO, 2017; Leach, n.d.; Patel et al., 2015;
Safa, 2012; Szekeres & Jeswiet, 2016, 2018a, 2018b; Toronto and Region Conservation Authority, 2018;
Wyse & McVey, 2018). The IESO (2017) compared the operational costs of an air source heat pump
relative to an oil furnace when installed across the province. The installed heat pump model operated at
300% energy efficiency, while the oil furnace was 78% energy efficient. The oil furnace’s annual
operational costs averaged between $803-$1338 in Southern Ontario. The heat pump’s annual operational
costs averaged between $491-$801. The oil furnace’s operational costs increased to $1072-$1764 in
central and northern regions of the province. The heat pump’s operational costs increased to $882-$1430
(IESO, 2017). It is important to note that the costs of operating an oil furnace will continue to increase
under the current carbon tax scenario. The result has been projected to increase residential rates of heat
pump adoption, provided that residents are aware of the available energy savings (Szekeres & Jeswiet,

2016, 2018a, 2018b).

There is also a strong business case for heat pump adoption in electrically heated homes (IESO,
2017; Wyse & McVey, 2018). Homeowners who replace electric baseboards with a high-performance
heat pump can reduce their energy consumption by 60%. The associated reductions to the users energy
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bills can exceed 50% (IESO, 2017; NRCAN, 2017). Optimal financial savings will be observed in well

insulated and efficient home designs (Canada & Office of Energy Efficiency, 2012).

The Toronto and Region Conservation Authority (2018) installed cold-climate heat pumps
provided by Mitsubishi and Daiken in nine different electrically heated multi-unit residential buildings
(MURBS) across Southern Ontario. The purpose of the study was to assess the heat pump’s seasonal
heating performance and the associated operational costs at each test site. Each property’s average energy
consumption decreased by 19% to 32%, producing energy savings of $868. Reported monthly energy

savings averaged between $75-$150 (Toronto and Region Conservation Authority, 2018).

Despite the potential savings, landlords lack direct financial incentives to install modern heat
pumps throughout their properties. The owner of a MURB is responsible to purchase and install new
equipment in their buildings. However, tenants are usually responsible to pay the utility bills on rental
properties. A split-incentive problem is produced in which the landlord pays to reduce their property’s
energy consumption. However, the tenants receive the financial benefits from the retrofit (Wyse &
McVey, 2018). Further, Ontario’s Provincial Rent Control Act prevents landlords from raising rental
prices to compensate for the expenses of installing new equipment (Toronto and Region Conservation

Authority, 2018).

Wyse & McVey (2018) and the Toronto and Region Conservation Authority (2018) suggest that
landlords must be made aware of the indirect financial benefits associated with installing modern heat
pumps in their properties. Advertising cheaper electricity bills relative to other buildings can help
encourage current and prospective tenants to sign a lease. This effectively reduces vacant units and tenant
turnover. The heat pump’s performance reliability and comfortable distribution of heat is also worth
advertising to potential tenants (Toronto and Region Conservation Authority, 2018; Wyse & McVey,

2018).
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The Toronto and Region Conservation Authority concluded that 24% of Ontario’s MURB and
rowhouse units are heated with electric baseboards (approximately 405,000 units) (Toronto and Region
Conservation Authority, 2018). Further, four percent of the homes in Ontario are heated with electric
baseboards (approximately 200,000 homes) (IESO, 2017). It has been concluded that focused awareness
building campaigns are required to ensure that these property owners are aware of the obtainable benefits
associated with residential heat pump adoption (IESO, 2017; Leach, n.d.; Patel et al., 2015; Wyse &
McVey, 2018). The implementation of financial assistance programs can stimulate further interest in heat

pump adoption, particularly when these homeowners are aware of the relative benefits to adoption.

2.3 Financial Assistance Programs

Direct influence is often required to change a consumer’s previously entrenched habits,
perspectives, and patterns of behavior (Ajzen, 1991; Huijts et al., 2012; Kléckner, 2013; E. M. Rogers,
1983; Shove, 1998). A report recently released by the research team at S2e Technologies concluded that
strong partnerships are required between private and public institutions to raise residential awareness
regarding the benefits of improving a home’s energy performance, while providing financial assistance to
actualize these efficiency improvements (Satnik, 2019). However, community consultation is also
required to ensure that the particular needs of the community are respected. The consultation often is

essential to achieve residential and commercial cooperation on efficiency improvements (Satnik, 2019).

The availability of financial assistance programs has been found to be among the most significant
factors influencing a homeowner to install a particular heating system (Caird et al., 2012; Hecher et al.,
2017; Ipsos MORI & Energy Saving Trust, 2013; Lillemo, n.d.; Lillemo et al., 2013; Ruokamo, 2016).
Ipsos MORI & Energy Saving Trust observed that 40% of the participants were waiting for financial
assistance programs to offset the replacement costs of their existing heating system (Ipsos MORI &
Energy Saving Trust, 2013). Provincial heat pump adoption has been projected to reach 30% of
residential consumers in the presence of various robust financial assistance programs and focused
awareness building campaigns (IESO, 2017).
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The importance of regional fuel costs has been demonstrated in Newfoundland and Labrador
after the province announced the slated increases to the provincial electricity rates to pay for Muskrat
Falls. The province expanded the Home Energy Savings Loan program to provide $1-million dollars to
facilitate residential heat pump adoption. The program will distribute $1000 to 1000 households to rebate
the heat pump’s purchase costs. Within one month, almost 700 residents had applied to the program

(Bird, 2019; Quinn, 2019).

It is important that policy makers remain open to inspiration from the success that other
awareness building campaigns and financial assistance programs have had in similar jurisdictions (Satnik,
2019). Numerous incentive programs are being offered from municipal and provincial governments
across Canada to support residential energy efficiency improvements. Many of these programs were
developed and supported in partnership with provincial electricity regulators and LDCs to help reduce the
heat pump’s initial purchase costs (N. R. C. Government of Canada, 2018; Satnik, 2019). Residents in
British Columbia are offered Fortis BC’s oil to heat pump program, which provides a $1700 cash rebate
to residents who replace an oil furnace with a high-performance air source heat pump (BC Hydro, 2019;
N. R. C. Government of Canada, 2018). On the east coast, Nova Scotia’s Heat Pump Incentive Program
rebates consumers based on the size and energy performance of the installed heat pump (N. R. C.
Government of Canada, 2018; Satnik, 2019) These incentive models were previously available in Ontario

and should be redesigned to help stimulate residential heat pump adoption (IESO, 2017).

There are incentive programs available to some residential consumers to support efficiency
improvements in Ontario. The IESO provides free energy audits and efficiency upgrades to qualifying
low income residents homeowners through the Save on Energy Home Assistance Program (N. R. C.
Government of Canada, 2018; IESO, 2019a). Provincial support from the Government of Ontario is also
available through the Affordability Fund. The Affordability Fund which also provides free energy audits
and efficiency upgrades, including the installation of cold-climate heat pumps (N. R. C. Government of

Canada, 2018; Ontario, 2019). The City of Toronto provides low interest loans for efficiency
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improvements through the Home Energy Loan Program (HELP). Interest rates of 4.4% over 20 years are
charged to support various residential improvements, including the installation of air source heat pumps
(City of Toronto, 2019b). These loans are repaid through an added lien on the recipients property tax bill
(N. R. C. Government of Canada, 2018). Although these programs are currently available, there is
insufficient access to similar province across Ontario, indicating a need to expand the existing financial

incentive programs (IESO, 2017; Wyse & McVey 2018).

The IESO (2017) and Wyse and McVey (2018) have concluded that provincial rates of heat pump
adoption will remain low until financial rebate programs are redesigned and made widely available to
consumers currently heating their home’s with oil and electricity. However, it will be crucial to look
beyond incentive models that exclusively rebate purchase costs to increase residential rates of adoption.
Financial rebates do not address the current provincial price disparity between natural gas and electricity.
Consequently, these assistance programs are expected to have little effect on the majority of homeowners
in Ontario given the mainstream usage of natural gas furnaces. It suggested that incentive models should
be strategically designed to reduce the heat pump’s operational costs to have the most significant effect on

increasing provincial rates of adoption.

There are incentive models across Canada that provide energy credits for new constructions that
obtain certified levels of green building standards or retrofit projects providing measurable energy savings
(N. R. C. Government of Canada, 2018; Satnik, 2019). An example is presented by Langley BC’s Green
Building Rebate Program, which provides a $15 energy credit per GJ of reduced energy consumption up
to an annual maximum of $750 (N. R. C. Government of Canada, 2018; Township of Langley, 2015).
These incentives can be redesigned to provide energy credits to homeowners who install a cold-climate
heat pump. These incentives will be particularly attractive to homeowners using electric baseboards given
the available energy savings. Further, continuing to provide low-interest loans can encourage action on
efficiency improvements if the loan is designed so that it is repaid through money previously allocated to

a homeowner’s energy bills (Satnik, 2019).
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While financial incentive models will be important to increase provincial heat pump adoption, it
is also essential to consider the impacts of disincentive programs, such as a price on carbon. A carbon
price is used to recognize the external costs imposed on society by the combustion of fossil fuels. The
result is that the external costs become incorporated in the price of carbon intensive products and directly

influence purchase decisions.

The residential penalty associated with combusting natural gas has already started to increase
under the federal carbon tax. The federal government imposed the provincial Carbon Tax on Ontario
April 1%, 2019 after the province failed to submit their own detailed taxation plan. A charge of 3.91
cents/m? of consumed gas was enforced. The price per consumed cubic meter of gas will increase by 2.3
cents annually under the current framework (Enbridge Gas, 2019b, 2017; D. of F. Government of Canada,
2018; E. and C. C. Government of Canada, 2018). Carbon pricing could increase the operational costs of
a natural gas furnace by 1.07 cents, total price 4.7 cents/kWh by 2022, which was projected to

significantly increase rates of heat pump adoption (Szekeres & Jeswiet, 2018a).

Szekeres & Jeswiet (2018a) conducted a system dynamics analysis to project the heat pump’s
provincial adoption rate as provincial natural gas and electricity rates changed. It was concluded that the
projected rates of heat pump adoption were significantly higher as the price disparity between the two fuel
sources was reduced (Szekeres & Jeswiet, 2018a). These findings are supported by Ipsos MORI and
Energy Saving Trust (2013), who observed that 34% of their sample would replace their heating system
for a model with a lower operational cost. An additional 38% would replace their heating system if its
operational costs continued to increase (Ipsos MORI & Energy Saving Trust, 2013). It has been
concluded that incentives and disincentives facilitating competitive fuel pricing between natural gas
furnaces and modern air source heat pumps can effectively increase interest in heat pump adoption (IESO,

2017; Leach, n.d.; Patel et al., 2015; Szekeres & Jeswiet, 2016, 2018b, 2018a; Wyse & McVey, 2018).

Financial rebate programs were previously available in Ontario (IESO, 2017; Satnik, 2019).
However, provincial heat pump adoption did not increase. Future incentive models may be more effective
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if strategically designed to reduce the heat pump’s operational costs. However, it is crucial to recognize
that financial considerations are only a single barrier to the adoption of innovative and unfamiliar
technologies (Ajzen, 1991; Bamberg & Mdser, 2007; Kléckner, 2013; E. M. Rogers, 1983). It is unlikely
that a consumer will seek out financial assistance programs unless they are already aware of cold-climate

heat pumps and the benefits associated with adoption.

A consumer weighs the full range of relative advantages and disadvantages associated with
technological adoption (Ajzen, 1991; Bamberg & Mdser, 2007; Bjgrnstad, 2012; Caird et al., 2012; Han
& Stoel, 2017; Hecher et al., 2017; Klockner, 2013; Michelsen & Madlener, 2016; E. M. Rogers, 1983).
Therefore, purchase decisions are rarely influenced solely on the financial implications (Bamberg &
Madser, 2007; Han & Stoel, 2017; Hecher et al., 2017; Huijts et al., 2012; Kldéckner, 2013; E. M. Rogers,
1983). Financial barriers cannot overshadow the importance of ensuring that the public is aware of the
functional reliability and full range of relative advantages to installing a cold-climate heat pump,
particularly the confidence in the heat pump’s seasonal heating performance (Caird & Roy, 2010; Caird et
al., 2008, 2012; Caird, Roy, Potter, & Herring, 2007; IESO, 2017; Ipsos MORI & Energy Saving Trust,
2013; Patel et al., 2015; E. M. Rogers, 1983; Toronto and Region Conservation Authority, 2018; Wyse &

McVey, 2018).

2.4 Public Awareness Gap

Market research has consistently identified that a heating system’s perceived performance
reliability is among the most influential factors to technological adoption (Caird & Roy, 2010; Caird et
al., 2008, 2012, 2007; IESO, 2017; Ipsos MORI & Energy Saving Trust, 2013; Leach, n.d.; Lillemo, n.d.;
Lillemo et al., 2013; Michelsen & Madlener, 2012, 2016; Owen et al., 2013; Patel et al., 2015; Snape et
al., 2015; Toronto and Region Conservation Authority, 2018; Wyse & McVey, 2018). However, it is
essential that the consumer has an accurate understanding of the technology’s performance metrics to
determine it to be a reliable market alternative (Ajzen, 1991; Bamberg & Mdser, 2007; Kléckner, 2013;

E. M. Rogers, 1983). It has been concluded that residents in Ontario lack reliable information on modern
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heat pump models and the advantages that are associated with adoption (IESO, 2017; Leach, n.d.; Patel et
al., 2015; Wyse & McVey, 2018). Further, they are exposed to inaccurate and contradictory claims from

the heating and cooling industry and throughout their social networks (Wyse & McVey, 2018).

The reported awareness gap perpetuates public concern regarding the heat pump’s seasonal
performance reliability (Calder, 2017; IESO, 2017; Leach, n.d.; Patel et al., 2015; Toronto and Region
Conservation Authority, 2018; Wyse & McVey, 2018). The IESO (2017) reported that 72% of
provincially sampled homeowners were skeptical in the heat pump’s functional reliability and energy
performance. These provincial findings are consistent with a large body of market research examining the
feasibility for residential heat pump adoption (Caird & Roy, 2010; Caird et al., 2008, 2012, 2007; Ipsos
MORI & Energy Saving Trust, 2013; Lillemo, n.d.; Lillemo et al., 2013; Michelsen & Madlener, 2012,
2016; Owen et al., 2013; Snape et al., 2015; Sopha et al., 2010). Ipsos MORI and Energy Saving Trust
(2013) observed that 40% of their sample reported negative perceptions of the air source heat pump.
Further, 75% doubted that the heat pump would function reliably in temperatures beneath zero degrees
Celsius. However, 68% had no previous knowledge of the technology (Ipsos MORI & Energy Saving
Trust, 2013). Rectifying these misconceptions is understood to be a crucial precursor to stimulating
residential interest in heat pump adoption (Ajzen, 1991; Bamberg & Mdser, 2007; IESO, 2017; Kldckner,

2013; Leach, n.d.; Patel et al., 2015; E. M. Rogers, 1983, 2010; Wyse & McVey, 2018).

Public concerns regarding the functional reliability and energy performance of cold-climate heat
pumps are not reflective of the performance demonstrated by modern models. Contrarily, public
perceptions are often reflective of inefficient and outdated heat pumps, which failed to reliably function in
temperatures below five degrees Celsius (Wyse & McVey, 2018). Field trials conducted in the North
Eastern regions of the United States and Canada have demonstrated that cold-climate heat pumps are an
extremely reliable alternative to fossil fuel furnaces (Abdelaziz & Shen, 2012; Dentz et al., 2014; Faesy,
Grevatt, McCowan, & Champagne, 2014; Mitsubishi Electric, 2017b; Roy, Caird, & Potter, 2010; Safa,

2012; Toronto and Region Conservation Authority, 2018). Modern heat pumps remain fully functional
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until minus 15 degrees Celsius (Stevens, Craven, Marsik, & Hammer, 2015; Szekeres & Jeswiet, 2018b,
2018a). Electric resistance heaters are also preinstalled in most heat pumps to provide supplementary
heating in extreme temperature lows (NRCAN, 2017; Szekeres & Jeswiet, 2018a). High performance
cold-climate models are fully functional in temperatures as low as minus 20 degrees Celsius and remain
operational until minus 30 degrees Celsius (Abdelaziz & Shen, 2012; Dentz et al., 2014; Faesy, Grevatt,
McCowan, & Champagne, 2014; IESO, 2017; Mitsubishi Electric, 2017b; NEEP, 2014; Patel et al., 2015;

Roy et al., 2010; Safa, 2012; Szekeres & Jeswiet, 2016, 2018a, 2018b; Wyse & McVey, 2018).

Cold-climate heat pumps installed throughout Ontario reported average COP ratings of 3.23
during the heating season and 5.27 during the cooling season (Safa, 2012). Seasonal COP averages are
increasing with sustained technical advancements (IESO, 2017; Patel et al., 2015; Safa, 2012; Szekeres &
Jeswiet, 2016, 2018b, 2018a). Szekeres & Jeswiet (2018b) demonstrated the heat pump’s seasonal
performance reliability and feasibility for residential adoption in seven case studies conducted across
Ontario. The test sites included; Kingston, Ottawa, Sudbury, Thunder Bay, Timmins, Toronto, and
Windsor. The research sites were selected to expose the technology to a range of different meteorological
conditions. The coldest observed temperature during the study period was recorded in Timmins (-16.8
degrees Celsius). It was concluded that modern heat pumps were more than capable of providing reliable

seasonal heating in each research site (Szekeres & Jeswiet, 2018b).

Cold-climate heat pumps are capable of providing 98% of Toronto’s required seasonal heating
hours, despite the concerns voiced amongst the public (Patel et al., 2015; Szekeres & Jeswiet, 2016). The
previously discussed study conducted by The Toronto & Region Conservation Authority reported that
none of the MURB units receiving a cold-climate heat pump required the usage of supplementary heating
during the study period, even when temperatures reached minus 20 degrees Celsius (Toronto and Region
Conservation Authority, 2018). Raising public awareness of the demonstrated performance of cold-

climate heat pumps is suggested to be an essential component of mitigating the observed perception of
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risk and stimulating interest in residential heat pump adoption (IESO, 2017; Michelsen & Madlener,

2016; Snape et al., 2015; Sopha et al., 2010; Szekeres & Jeswiet, 2016, 2018a, 2018b).

A consumer’s perception of an unfamiliar technology is highly influenced by organizations
responsible for developing and promoting the technology (Bamberg & Méser, 2007; Caird & Roy, 2010;
Huijts et al., 2012; Klockner, 2013; Michelsen & Madlener, 2012, 2016; Owen et al., 2013; E. M. Rogers,
1983, 1983). However, the provincial heating and cooling industry and local contractors across Ontario
have been critiqued to be lacking sufficient training regarding the installation, maintenance, and
operational procedures for both ducted and ductless heat pump models (IESO, 2017 Patel et al., 2015;
Toronto and Region Conservation Authority, 2018; Wyse & McVey, 2018). Specific installation
procedures are not being followed, resulting in inconsistent and incorrect installations. A commonly
observed error is that the heat pump will not be sized to provide the home’s required heating load (Delta
Energy & Environment, 2011; IESO, 2017; NRCAN, 2017; Owen et al., 2013; Patel et al., 2015; Wyse &
McVey, 2018). In addition, the provincial heating and cooling industry and local contractors are
suggested to be providing inaccurate, contradictory, or a complete lack of information regarding the
proper operational procedures to residential consumers. The result is preventing optimal energy
performance and is perpetuating negative consumer perceptions regarding the heat pump’s functional

reliability (IESO, 2017; Patel et al., 2015; Wyse & McVey, 2018).

Performance deficiencies are often the result of operational behavior or improperly installed
technologies. Consumers who experience performance deficiencies are more likely to have negative
perceptions regarding the heat pump’s functional reliability and heating performance (Caird et al., 2012;
Herring & Roy, 2007; Hirai, Morita, & Elokia, 2007; Roy et al., 2010; Sorrell, University of Sussex, &
Sussex Energy Group, 2007; Wyse & McVey, 2018). Caird et al., (2012) observed that 50% of sampled
heat pump users were experiencing performance deficiencies and regretted purchasing the heat pump.

However, these participants reported that they had received no information on how to properly operate the
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heat pump (Caird et al., 2012). Consequently, improper user behavior was concluded to be preventing

obtainable energy savings.

The importance of enforcing stricter regulations and guidelines targeted at the heating and
cooling industry’s awareness of cold-climate heat pumps and their proper installation procedures cannot
be overlooked in future awareness building campaigns (Wyse & McVey, 2018). Efforts to increase
residential heat pump adoption may backfire if the heat pump’s adoption rate increases without ensuring
that the knowledge and expertise of the heating and cooling industry is increased given the increased risk
of a homeowner experiencing a performance deficiency. Increasing the capacity of the heating and
cooling industry can help to reduce the instance of faulty installations and experienced performance
deficiencies. The result should help to reduce negative perceptions regarding the heat pump’s

performance reliability (Wyse & McVey, 2018).

2.5 Awareness Building Campaigns

Awareness building campaigns have demonstrated effectiveness at encouraging sustainable
consumption patterns and lifestyles, including the adoption of high efficiency technologies (Bamberg &
Madser, 2007; Caird & Ray, 2010; Caird et al., 2012; Huijts et al., 2012; Kléckner, 2013; Michelsen &
Madlener, 2012, 2016; E. M. Rogers, 1983; Zografakis et al., 2008). It has been concluded that these
awareness building campaigns are among the most effective market interventions to stimulate residential
interest in heat pump adoption (Caird & Roy, 2010; Caird et al., 2012; Thomas Decker & Menrad, 2015;
Fawcett, 2011; Ipsos MORI & Energy Saving Trust, 2013; Lillemo et al., 2013; Michelsen & Madlener,
2012, 2016; Mills & Schleich, 2012; Owen et al., 2013; Roy et al., 2010; Ruokamo, 2016; Satnik, 2019;
Snape et al., 2015; Sopha et al., 2010). Continuing to develop and implement future awareness building
programs is suggested to make important contributions to increasing residential heat pump adoption in
Ontario (IESO, 2017; Patel et al., 2015; Wyse & McVey, 2018). However, this begs the questions as to

the most effective way to provide the public with this information.

29



Rogers’ (1983, 2010) argues that the communication channel that is used to disseminate
information to the public is crucial to establishing a sustained opinion change. A consumer can
independently access information through a one-way communication channel, such as the use of digital
media. Contrarily, information can be transmitted through a two-way communication channel that
connects two or more individuals in a social exchange of information (E. M. Rogers, 1983). There are
reportable benefits to both communication channels. However, it is regarded that a social diffusion of
information from a trusted source is more effective at producing a sustained opinion change (Hecher et

al., 2017; Michelsen & Madlener, 2012, 2016; E. M. Rogers, 1983, 2010; Sopha et al., 2010).

There have been market studies to support that interpersonal educational seminars increase the
reported perceptions and interest in heat pump adoption. Ipsos MORI & Energy Saving Trust (2013)
observed that interest in heat pump adoption increased from 2% to 31% when the existing system
required replacement after an educational treatment. Caird et. al., (2007, 2008, 2010, 2012) have observed
consistent increases to consumer perceptions and the reported interest in heat pump adoption when
consumers are educated on cold-climate heat pumps. Zografakis et al., (2008) concluded that focused
educational interventions highlighting the importance of residential efficiency to youth can encourage
sustainable consumption patterns later in life. It has been concluded that focused educational seminars are
an effective way to establish information exchange from an individual who is perceived to be competent
and well educated on the topic. The result can effectively stimulate lasting alterations to a consumer’s
consumption patterns (Hecher et al., 2017; Huijts et al., 2012; Jackson, 2003; Owen et al., 2013; E. M.
Rogers, 1983; Snape et al., 2015; Staddon, Cycil, Goulden, Leygue, & Spence, 2016; Zografakis et al.,
2008). Further, these seminars connect individuals within the same community, which can be used to
facilitate an increased amount of information exchange through a residential consumer’s local social

networks.

Ensuring that residential consumers continue to exchange positive information on cold-climate

heat pumps will make important contributions to increasing residential interest in technological adoption
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(Han & Stoel, 2017; Hecher et al., 2017; Lillemo, n.d.; Lillemo et al., 2013; Owen et al., 2013; E. M.
Rogers, 1983, 2010; Sopha et al., 2010). It has been determined that homeowners express high
satisfaction with their heat pump’s performance reliability, energy performance, and comfortable
regulation of heat when the system is installed and operated correctly (Bjgrnstad, 2012; Caird et al., 2012;
Thomas Decker & Menrad, 2015; Lillemo, n.d.; Lillemo et al., 2013; Owen et al., 2013; Roy et al., 2010;
Snape et al., 2015; Toronto and Region Conservation Authority, 2018). Caird et al., (2012) observed that
75% of the participants using a heat pump reported that it significantly outperformed their previous
heating system. Homeowners have also expressed satisfaction in reducing their home’s energy bills and
residential carbon footprint (Bjernstad, 2012; Caird et al., 2012; Owen et al., 2013; Snape et al., 2015). It
has been concluded that sharing these positive experiences will further increase residential exposure and
interest in technological adoption, particularly when they are distributed through trusted social networks
(Ajzen, 1991; Bamberg & Moser, 2007; Kléckner, 2013; Michelsen & Madlener, 2016; E. M. Rogers,

1983; Sopha et al., 2010; Szekeres & Jeswiet, 2016, 2018a, 2018b).

Homeowners frequently communicate and share experiences with modern technologies. This
exchange of information can be highly influential to a homeowner’s future purchase decisions (Lillemo,
n.d.; Lillemo et al., 2013; Sopha et al., 2010). Information that is shared from a trusted source or a
member of ones close social network is argued to have the most substantial influence on a consumer’s
perceptions of an unfamiliar technology because of the rapport shared between group members (Lillemo
et al., 2013; Owen et al., 2013; E. M. Rogers, 1983; Szekeres & Jeswiet, 2016, 2018a, 2018b). It has been
concluded that local seminars can leverage these existing group networks and strategically increase local
interest in heat pump adoption. However, it is important to acknowledge that the impact of local
educational seminars will likely be limited if they are not reinforced with other directed methods of

information exchange.

The observed awareness gap pertaining to cold-climate heat pumps suggests that hosting local

educational seminars may be insufficient to providing the exposure that is required to catalyze public
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rates of heat pump adoption. A consumer must take time out of their schedule and commit financial
resources to attend a seminar session. If the consumer does not have prior information on the technology
being discussed, potential rates of attendance will likely suffer. Further, the resources required to host the
seminars suggest that the frequency of these events will be limited, restricting the amount of exposure that

can be provided relative to using digital communication channels.

Digital media is an effective medium to rapidly increase exposure to an unfamiliar technology
amongst a large population. Further, internet technologies have revolutionized an individuals capacity to
acquire a wealth of information pertaining to the subject of inquiry (Biggs, 2012; Caird & Roy, 2010;
Casey, 2008; Deloitte, 2014; Hawkins, 2002; Maloney, Storr, Paynter, Morgan, & llic, 2013; Mayer,
2003; Oliver & Herrington, 2001; E. M. Rogers, 2010; West, 2015). Internet access can connect a
homeowner to industry experts, consultants, public agencies, and national databases to receive reliable
information on unfamiliar and innovative technologies (Casey, 2008; Deloitte, 2014; Hawkins, 2002; E.
M. Rogers, 2010; West, 2015). Homeowners can also read academic feasibility studies and other reports
highlighting a technology’s observed performance metrics. Information can also be transferred through
social networks across vast geological distances in a short period of time, allowing residential consumers
to share experiences they have had with certain technologies. The presence of this information can
encourage further inquiry into cold-climate heat pumps and can effectively adjust observed consumption
patterns (Biggs, 2012; Caird & Roy, 2010; Caird et al., 2012; Deloitte, 2014; Hawkins, 2002; Maloney et

al., 2013; E. M. Rogers, 1983; Santer et al., 1995; West, 2015).

Market research has found that participants are more receptive to information about unfamiliar
technologies when it is independently accessed through digital media (Caird & Roy, 2010; Caird et al.,
2012; Hecher et al., 2017; Maloney et al., 2013). Caird & Roy (2010) explain that the public may
perceive information that is disseminated from manufacturers or technological advocates to be subject to
bias. Hecher et al., (2017) observed consistent findings as Caird & Roy (2010), supporting the use of

digital media to increase residential exposure to cold-climate heat pumps. The resulting exposure amongst
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a large population can help to stimulate further inquiry into cold-climate heat pumps and attendance at
future community seminar sessions. Ensuring that these awareness building campaigns are sustained is

concluded to be a precursor to residential heat pump adoption.

2.6 Summary

The discussed market barriers to cold-climate heat pump adoption currently are stalling the heat
pump’s provincial rate of adoption. While it is concluded that the price disparity between natural gas and
electricity is the most significant barrier to provincial adoption, this statement must be critically
appraised. It has been determined that each of the conditions that Rogers’ (1983) affirms is essential to
raise a technology’s rate of adoption currently is being violated in Ontario. It has been suggested that low
rates of provincial awareness and concerns regarding the heat pump’s performance reliability are
preventing accurate cost-benefit analysis pertaining to heat pump adoption. Awareness building
campaigns are concluded to be essential components to increasing residential exposure and interest in
modern high-performance heat pump models (IESO, 2017; Leach, n.d.; Patel et al., 2015; Toronto and
Region Conservation Authority, 2018; Wyse & McVey, 2018). However, these conclusions have not been
sufficiently tested in Ontario. The current study has been designed and implemented to address the
existing research gap and to contribute insights regarding the impacts that local awareness building
campaigns will have on the reported probability of residential heat pump adoption. Comparing the
effectiveness of directly providing residential consumers with information through digital media and
hosting local educational seminars will also provide important insights for the development and

implementation of future awareness building campaigns.
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Chapter Three: Methodology

There has been a lack of experimental trials in Ontario to provide a research design for the current
study to replicate. For that reason, inspiration was drawn from the wider body of reviewed market
literature examining the effectiveness of educational interventions on consumer interest in energy
efficient technologies (Caird & Roy, 2010; Caird et al., 2012; Thomas Decker & Menrad, 2015; Fawcett,
2011; Ipsos MORI & Energy Saving Trust, 2013; Lillemo et al., 2013; Michelsen & Madlener, 2012,
2016; Mills & Schleich, 2012; Owen et al., 2013; Roy et al., 2010; Ruokamo, 2016; Satnik, 2019; Snape
et al., 2015; Sopha et al., 2010; Zografakis et al., 2008). The research design used to address the research
objectives, questions, and hypotheses proposed by the present study is elaborated in the following
subsection. Information regarding the study’s sample, including the recruitment procedures, has been
included as section 3.2. The instrument and materials that were provided to each experimental cohort are
described in section 3.3. The experimental procedures used to administer the instrument to each
experimental group is discussed in section 3.4. The chapter concludes with a discussion of the threats to
internal and external validity faced by the current study. The solutions and considerations used by the

researcher to mitigate the impacts of these threats are also clearly identified.

3.1. Research Design

A between group pre-test post-test design was used to measure the direction and change to the
reported probability of heat pump adoption following two different educational interventions. The study
was quasi-experimental in nature because participants were not randomly assigned to each experimental
condition. Two cohorts attended a local educational seminar. The remaining two cohorts received a
detailed factsheet that was hosted online. The research design has been visually represented using the
classic notation system provided by Campbell & Stanley (1963) and as recommended by Creswell (2014)
in Figure 2. below. O1 has been set to represent the measure of the reported probability of heat pump
adoption prior to receiving the treatment. X has been set to represent the educational intervention. O2 has
been set to represent the measure of the reported probability of heat pump adoption after providing the
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educational treatment. The linear lay out of the variables has been set to represent the temporal

procedures used during the experiment (Campbell & Stanley, 1963).

Figure 2. Research Design

Pre-test Treatment Post-test
Seminar Cohorts: 01 X 02
Survey Cohorts: 01 X 02

Pre-test post-test research designs provide a clear indication of the direction and change to the
outcome variables after an experimental treatment (Creswell, 2014). Further, the effects can be clearly
compared between two or more experimental groups. This research design has been used in the reviewed
market literature to test the measured change in the reported perspectives and interest in heat pump
adoption after an educational treatment (Caird & Roy, 2010; Caird et al., 2008, 2012; Ipsos MORI &
Energy Saving Trust, 2013; Owen et al., 2013). Therefore, the research design was determined to be

appropriate for the current study’s objectives.

3.2 Participants

Partnerships were established with local environmental organizations to recruit a sample and
facilitate the awareness building campaigns. The main partnership was formed with Reep Green
Solutions, a local environmental charity that improves residential energy literacy and energy performance.
Reep played a pivotal role in the study by recruiting participants and hosting the two seminar sessions.
Reep distributed information about each seminar through their social media accounts. A description of the
event and the registration page was also posted on Reep’s website. Reep sent a mass email providing
information about the seminar and the opportunity to participate in the research study to approximately
3400 residents in the Region of Waterloo. Information about the second seminar was posted on the City

of Kitchener’s Community Calendar and the regional newspaper’s Record Community Calendar.
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A second partnership was formed with eMERGE Guelph, a local organization premised on
facilitating 100% of the community’s energy requirements from renewable sources by 2050. The
partnership with eMERGE Guelph was established to recruit participants for the survey cohorts. A
description of the study and an invitation to participate in the survey treatment was included in a
newsletter that was distributed to eMERGE Guelph’s 1500 residential subscribers. An invitation to
participate in the survey was also extended to graduate students, alumni, faculty, and other staff at the
University of Waterloo through the Environmental Faculty’s community emailing list. The email also
invited participants to register for the second seminar, however, participants were requested to not

participate in both experimental groups to mitigate response bias.

Participation in the study was restricted to homeowners and landlords. Individuals who do not
own their home are not responsible for the purchase and installation costs of replacing their heating
system. The inclusion of these responses would introduce an internal bias to the dataset, as these
participants might not consider the economic constraints faced by homeowners and landlords. No other

exclusionary criteria were added to the methods of recruitment.

Participants voluntarily signed up for the seminar sessions or the online intervention. Therefore, it
was not possible to randomly assign participants to each experimental treatment. The majority of the
participants volunteered to participate in the online survey (survey cohort A n= 45, survey cohort B n=
78). The remaining thirty-five participants attended the seminar sessions (seminar cohort A n= 11,
seminar cohort B n= 24). The purpose of the second seminar and survey treatment was to increase the
study’s sample size and to include demographic measures on age, level of education, and annual income.
Fifty-five percent of the sample was under the age of 45 (n=55). The majority of the sample (60%)
earned an annual income above $75,000 (n= 61). Of these participants, 42% were earning an annual
income exceeding $100,000 (n= 43). Eighty-eight percent of the participants had a university degree (n=

90). A detailed presentation of the sample’s demographic composition has been included as Appendix A.
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3.3. Instrument & Materials

A cross-sectional questionnaire was designed by the researcher to test the theoretical claims that
raising awareness to the performance capacity and advantages offered by a technology are precursors to
increasing the adoption of the technology (Ajzen, 1991; Bamberg & Madser, 2007; Han & Stoel, 2017;
Hecher et al., 2017; Kléckner, 2013; E. M. Rogers, 1983, 2010). Further, the items were developed to
provide further insight to the identified barriers to residential heat pump adoption as identified by the
IESO (2017) and Wyse & WcVey (2018). The treatment variable was characterized by the educational
seminar or the independently accessed online factsheet. Both treatments provided information on each
mediating variable under investigation, including; the heat pump’s functional reliability, the relative
advantages associated with using a cold-climate heat pump, and the positive consumer satisfaction
ratings. The outcome variable was characterized by the reported probability of adoption. Each variable

under investigation in this study has been summarized in Table 3.1 below.

Table 3.1: Variables under Investigation

Treatment Variables Mediating Variables Outcome Variables
Educational Intervention Raising Awareness of Cold-climate Probability of Adoption
heat pumps
Age Awareness of Cold-climate heat pumps
Education 1) Technical Improvements
2) Availability of Cold-Climate
Models
Income Performance Reliability

Relative Advantages

1) Reduced Energy Bill

2) Reduced Carbon Footprint
3) Reduced Consumption of
Purchased Energy
Positive Satisfaction Ratings
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The participant’s awareness of the cold-climate heat pump was operationalized using multiple
choice questions. A yes or no scale was used to determine if participants were aware of the technical
improvements heat pumps models have made and the awareness of cold-climate models. The remainder
of the instrument was measured on a 5-point Likert scale. The scale was operationalized with 1
representing low and 5 representing high. These instrument items measured; the participant’s perceived
reliability of the heat pump, the influence of each relative advantage, the reported probability of adoption,
and the influence of the positive consumer satisfaction ratings. The post-test used the same Likert scale to
measure the direction and change to the perceived reliability of the heat pump when installed in a cold-
climate and the reported probability of adoption. The instrument that was administered to each

experimental group has been included as Appendix B.

The instrument provided to each experimental group remained consistent. However, the materials
that were used to provide the treatment variable varied between the two experimental groups. The seminar
cohorts received an interpersonal seminar hosted by a representative of Reep Green Solutions. An
industry representative from Waterloo Energy Products provided a guest lecture at the second seminar
session. The educational intervention clearly explained how the heat pump heats and cools the home. The
performance reliability of modern cold-climate heat pumps in Ontario was emphasized. Participants also
learned about the relative advantages they would receive relative to the heating system that they replaced.
A power-point presentation reinforced the content discussed during the lecture. A diagram visually
represented how the heat pump’s components interact to move and pressurize heat energy from the air
outside of the home through phase changes (liquid-gas). Tables comparing the heat pump’s performance
metrics to market competitors were also provided. The performance metrics included; 300% energy
efficiency, average seasonal COP values, the operational lifespan, projected operational costs, and

potential energy and carbon savings.

The experimental treatment administered to the survey cohorts summarized the information that

was presented during the seminars in an informative factsheet that was made available online on
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Qualtrics. A diagram was included in the factsheet to visually represent the heat pump’s heating and
cooling process. The relative advantages associated with using a cold-climate heat pump and the
performance metrics relative to market competitors were also listed for the participants reference. The
information used to develop the independently accessed factsheet was retrieved from IESO (2017) and
Natural Resources Canada (2017). The information factsheet provided to the survey cohorts has been

provided as Appendix C.
3.4. Experimental Procedures

All experimental sessions were conducted individually throughout 2018-2019. The experimental
procedures remained consistent at each seminar session. The experimental procedures also remained
consistent between each online intervention. The experimental procedures are discussed in detail in the

following subsections.
3.4.1. Seminar Cohorts

The first seminar was hosted September 22, 2018 at the Reep House for Sustainable Living. The
second seminar was hosted March 2™, 2019 at evolv1, Canada’s first zero carbon design certified
building, developed and managed by the CORA Group Inc. Both venues used ground source heat pumps
as their primary source for space heating. Participants were greeted by the representative of Reep who
briefly provided an overview of the seminar and referenced the benefits to improving a home’s energy
performance. The researcher was introduced and informed the participants that the purpose of the study
was to examine residential awareness of modern cold-climate heat pump models and to investigate
effective strategies to mitigate the identified market barriers associated with heat pump adoption. The pre-
test of the mediating variables and the outcome variables was distributed. The participants were exposed
to the experimental treatment after the completion of the pre-test. The magnitude of the direction and

change to the outcome variable was measured immediately after the conclusion of the educational
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seminar. The participants were debriefed, and their time commitment was satisfied. The results were then

analyzed using descriptive statistics and intergroup and between group tests of statistical significance.

3.4.2 Survey Cohorts

The first survey was launched in September 2018 and collected responses until February 2019.
The second survey was launched in February 2019 and collected responses until June 2019. Each survey
was hosted on Qualtrics using institutional access through the University of Waterloo. Participants took
part in the study by using a personal or public internet connection. The methods of recruitment provided
potential participants with a link to the instrument’s cover letter. Participants were informed that the
purpose of the study was to examine residential awareness of modern cold-climate heat pump models and
to investigate effective strategies to mitigate the identified market barriers associated with heat pump
adoption. Providing informed consent allowed the participants to navigate to the pre-test of the mediating
and outcome variables. The participants were directed to the experimental treatment after completing the
pre-test. The magnitude of the direction and change to the outcome variable was measured after the
participants were satisfied with the provided information. Participants received a debriefing form and
their time commitment was satisfied. The results were then analyzed using descriptive statistics and

intergroup and between group tests of statistical significance.

3.5 Threats to validity

Although opportunistic, the methods of recruitment introduce a threat to the study’s external
validity. It is crucial to acknowledge that participants can be predisposed to certain perspectives and
attitudes. These personal characteristics can affect the outcomes of the experimental treatment (Creswell,
2014). Creswell explains that an experimental sample that shares common characteristics prevents the
researcher from generalizing the study’s findings to populations that do not share the same personality
traits (2014). The researcher must limit the study’s conclusions to populations that share the same similar

characteristics to overcome this threat to validity.
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It can be reasonably expected that the current sample was predisposed to value environmental and
residential sustainability given their personal connections to the local environmental organizations that
assisted with recruitment. For that reason, the sample may have been predisposed to respond more
favorably to the treatment variable. The conclusions presented in the current study have been restricted to
the effectiveness that local environmental organizations can have on leveraging residential interest in heat
pump adoption by spreading awareness through their contact lists and hosting local seminar sessions.
Future research will be necessary to examine if consistent trends are observed among different sample

populations.

It is important to indicate that triangulating a study’s results to previously observed findings in
different contexts can effectively identify observed consistencies and deviations (Altrichter, H., Feldman,
A., Posch, P., & Somekh, B., 2008; Cohen, L. & Manion, L., 2000; O’Donoghue, T. & Punch, K., 2003).
The consistencies and variations that are observed within a sample from the reviewed literature can often
provide important insights for future research (Creswell, 2014). For that reason, the results of the current
study were compared and contrasted the existing body of reviewed market literature examining the

feasibility for residential heat pump adoption.
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Chapter Four: Analysis & Results

The following chapter begins with a discussion of the procedures used to determine the reliability
and consistency of the instrument administered to each experimental group. A discussion of the
descriptive and inferential tests of statistical significance used to analyze the data is also provided. The
chapter then transitions to provide the evidence to answer each research question and to support or reject

each hypothesis under investigation.

Pearson’s r coefficient provided insufficient evidence to suggest that each of the demographic
variables were correlated to each of the other variables under investigation, as shown in Appendix D.
Further, multivariate analysis determined that there was not a significant difference between the
experimental groups pertaining to each demographic variable and the remaining variables under
investigation. However, there were reportable correlations observed within the sample, which are

identified in section 4.2 and highlighted in each of the relevant subsections.

Each cohort’s observed awareness related to modern cold-climate heat pump models is presented
in Section 4.3. Section 4.4 provides an overview of the impact that a reduced energy bill, residential
carbon footprint, and consumption of purchased energy had on each experimental group’s reported
probability of adoption. Statistical evidence is presented in Section 4.5 to test Hi; if homeowners receive
positive consumer satisfaction reports then the probability of adoption will increase, H,; educational
interventions highlighting the performance capacity and relative advantages to using a heat pump will
increase the reported probability of adoption, and Hs; seminars will be more effective at increasing the

reported probability of adoption than information that is accessed online.

4.1 Analysis

An a priori sample was estimated based on the standard type Il error rate (p= 0.05), estimated
power (1 — $ =0.80), and small effect size set at 0.10 as recommended by Cohen (1992). The result of the

power analysis provided by Cohen (1992) indicated that the desired sample size for a small effect was
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393 participants. A non-random opportunistic sampling method recruited 158 homeowners and landlords
from the Waterloo Region in Southern Ontario after omitting the incomplete questionnaires. The sample
size did not meet the requirements as indicated by Cohen (1992), meaning that effects of practical

importance may not have been detected.

Cronbach’s alpha was calculated to test the instrument’s internal consistency. The level of
acceptable consistency was set to be above 0.70 under the recommendations of Brckalorenz et al.,
(2013). However, an alpha value closer to one was desired (Brckalorenz, Chiang, & Laird, 2013). Inter-
item correlations were also determined to assess if scores were accurately representing the instrument
items and to reduce redundancies measuring the same construct (BrckaLorenz et al., 2013; Briggs &
Cheek, 1986; Cohen, 1988). The mean inter-item correlation was set to be within 2 to 4 and the desired
average inter-item correlations were set to be between 0.15 and 0.50 under the recommendations of
Briggs & Cheek (1986). The instrument passed each established test of internal reliability, as shown in

Table 4.1 below.

Table 4.1: Internal Consistency Analysis

Cronbach’s  Cronbach’s Item Means Inter-ltem N of Items
Alpha Alpha Based on Correlations
Standardized
Items
Full Dataset | .92 91 2.95 31 23
Demographic Dataset | .90 .89 3 24 26

Descriptive statistics including frequency distributions, averages, and standard deviations were
measured for each instrument item. The results were used to provide evidence to each research question
under investigation by demonstrating the trends within and between experimental groups after
administering the experimental treatment. Further, observable trends were provided to help support or
reject each hypothesis under investigation. These descriptive statistics were supported by inferential tests

of significance to determine if observed within and between group differences passed the established
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alpha level (p=0.05). The statistical tests included; paired sample for means analysis, univariate analysis,
and multivariate analysis. These inferential tests were selected based on the recommendations of Creswell

(2014) for within group and between group pre-test post-test research designs.

Paired sample for means analysis was conducted on each experimental group to statistically test
the within group differentials between the reported confidence in the heat pump’s performance reliability
when installed in a cold-climate, the impact of the consumer satisfaction ratings, and the differential to the
reported probability of adoption after the experimental treatment. These tests were conducted to provide
statistical evidence to support H1; If participants are provided with positive consumer satisfaction ratings
then the reported probability of adoption will increase, and H2; If participants are educated on the
performance capacity and relative advantages to using a heat pump then the reported probability of
adoption will increase. Univariate analysis was conducted to determine if the observed differences
between group means were significant to provide statistical evidence to support or reject H3; seminar
sessions will be more effective at increasing the reported probability of adoption than information that is
hosted online. Multivariate analysis was also conducted to examine if the direction and change to the
outcome variable in each experimental group was significantly different after accounting for the

participants age, level of education, and annual income.

Pearson’s r correlation coefficients were calculated to assess the relationships between each
variable under investigation. An inter-item correlation matrix was composed for the full dataset. A second
correlation matrix was developed to determine if correlations were present between the demographic
variables and each other item under investigation. Correlations were determined to be strong at r = 0.50
with established alpha levels of p= 0.05, as recommended by Cohen (1988). Emphasis was placed on
determining if the awareness of cold-climate heat pumps was related to the perceived performance
reliability. It was also examined if the participants perceived reliability or if the relative advantages were
correlated to the reported probability of adoption. Statistical evidence was used to support the impact of

the educational intervention by examining if correlations were present between the reported probability of
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adoption in the pre-test and post-test. Further, correlations were also examined to assess the impact of

informing the participants on the positive consumer satisfaction ratings.
4.2 Pearson’s r Correlation Coefficients: Key Results

The Pearson’s r correlation matrix for the full dataset has been included in Table 4.2 below. It can
be observed that there were strong positive correlations observed between the importance of reducing the
home’s environmental impacts while reducing measurable savings. There was also evidence to support
that participants who were interested in heat pump adoption responded favorably to receiving the positive
consumer satisfaction ratings. Evidence was provided to suggest that the participants who were interested
in heat pump adoption also responded favorably to receiving the educational intervention. Further,
relationships were present to suggest that interest in system adoption continued to increase as the system
was approaching the end of its lifespan. The relevant correlations are highlighted and discussed in greater

detail in each of the following subsections.
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Table 4.2: Inter-ltem Correlation Matrix - Full Dataset

V1 V2 V3 V4 V5 V6 V7. V8. V. V10.  Vi11. Vi2. Vi3. V14, V15. V16. V17. V18. V19. V20. V21. V22. V23.

vi* | 1.00 -.07 .00 .03 A2 -08  -.05 .02 .00 -.03 .00 .03 A1 -14 -04 .03 .03 .03 .02 -.06 .03 .02 .06
v2. | -07 1.00 .48 .28 .33 .00 .09 .04 .10 A1 21 18 A5 -03  -04 .07 A5 14 -02  -02 04 11 .09
V3. .00 .48  1.00 .25 23 -04 .08 -.02 .18 15 19 24 .16 .02 .03 .09 .16 .09 .09 .02 .06 .08 .04
\Z3 .03 .28 .25 1.00 .60* .10 .16 18 .23 27 .35 .32 45 .20 18 .18 .25 .30 A3 27 22 22 27
V5. A2 .33 .23 .60* 1.00 A3 .23 15 .10 14 .20 22 .35 A1 A3 .16 31 .32 .10 .16 .20 .18 .23
V6. | -.08 .00 -.04 .10 A3 1.00 .62* .79* .19 .26 .30 22 34 19 .23 .20 .20 A2 27 .28 .32 30 .33
V7. | -.05 .09 .08 .16 23 .62* 1.00 .56* .18 .25 .26 .20 .33 .05 A7 19 A7 22 .16 15 19 19 34
V8. .02 .04 -02 18 A5 .79*  .56* 1.00 .25 .28 .30 24 42 A4 27 18 A7 21 .33 .32 .38 34 43
Vo. .00 .10 18 .23 .10 19 18 .25 100 .87 .64* 44 32 .53 .52 41 .33 29 .68*  .62* .45 .35 .20
vi0. | -.03 A1 15 27 14 .26 .25 .28 .87 1.00 .76* .50* 36 .64* .68* .57 43 37 72% 74* 54* .35 22
Vi1 .00 21 19 .35 .20 .30 .26 30  .64* .76* 1.00 .65* 41 57 62* .68* .51* 33 59*  .69* .69* .47 .23
Vi2. .03 18 .24 .32 .22 .22 .20 .24 44 50 .65 1.00 .52* .34 45 55* 71* 40 .36 41 51 65 .22
V13. A1 15 .16 .45 .35 .34 .33 42 .32 .36 41 .52*  1.00 .29 .38 .38 42 .64* 19 .25 .32 22 .50
via. | -14 -03 .02 .20 A1 19 .05 14 53*  .64* 5T .34 29 100 .79* .57* .34 25 .61 .70* .50* .36 22
vis. | -04 -04 .03 18 A3 .23 A7 27 .52*  .68* .62* 45 38 .79 100 .78 .51* 39 56* 72 63 41 .30
V16. .03 .07 .09 18 .16 .20 19 .18 41 .57 .68* .55 .38 .57 .78* 100 .75* .51* .38 53 .65 44 29
V17 .03 15 .16 .25 31 .20 A7 17 .33 43 51 71* 42 34 51 75 1.00 .63* 27 .33 47 58* .30
V18. .03 14 .09 .30 .32 12 .22 21 .29 37 .33 40 .64* .25 39 .51 .63 1.00 24 .32 .35 .38 .56*
V19. .02 -.02 .09 A3 .10 .27 .16 33 .68* .72*  59* .36 19 .61*  .56* .38 27 .24 100 .87 .65* .47 .32
v20. | -.06 -.02 .02 27 .16 .28 15 32 .62* 74 .69 41 .25 .70*  72*  .53* .33 32 87 100 .76* .53* .36
V21. .03 .04 .06 .22 .20 .32 19 .38 45 54*  69* .51* 32 .50* .63* .65* A7 35  .65* .76* 1.00 .69* .50*
V22. .02 A1 .08 .22 18 .30 19 .34 .35 .35 A7 .65F 22 .36 41 44 58* .38 47 53 .69 1.00 .58*
V23. .06 .09 .04 .27 .23 .33 .34 .43 .20 .22 .23 .22 .50* .22 .30 .29 .30 .56* .32 .36 .50 .58* 1.00

*V1 = Installed heating system, V2 = Awareness of Technical Improvements, V3 = Awareness of CC-ASHPs, V4 = Perceived performance reliability (pre-test), V5 = Perceived performance reliability

(post-test), V6 = Reduced energy bill, V7= Reduced carbon footprint, V8= Reduced consumption of purchased energy, V9= Probability of adoption — Within the year (pre), V10 = Within 1-2 years

(pre), V11= Within 3-5 years (pre), V12= Within 6-10 years (pre), V13= End of Life (pre), V14 = Probability of adoption — Within the year (post), V15= Within 1-2 years (post), V16= Within 3-5 years
(post), V17= Within 6-10 years (post), V18 = End of life (post), V19 = Impact of satisfaction ratings — Within the year, V20= Impact of Satisfaction ratings — Within 1-2 years, VV21= Impact of

Satisfaction Ratings — Within 3-5 years, V22= Impact of Satisfaction Ratings — Within 6-10 years, V23 = Impact of Satisfaction Ratings — End of Life
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4.3 Awareness of Cold-Climate Heat Pumps

The first research question under investigation was to examine the reported awareness of cold-
climate heat pumps in each experimental group. Each experimental group reported a low level of
awareness to the technical advancements heat pumps have made; seminar cohorts (31%, n= 11), survey
cohorts (20%, n= 25). The average awareness was comparable between the two cohorts with a similar
variance, as shown in Table 4.2 below; seminar cohorts (M=1.31, SD .47), survey cohorts (M=1.20, SD
.41). The awareness of the availability of cold-climate heat pumps was higher in the seminar cohorts
(63%, n= 27), as highlighted in Table 4.3. The reported awareness was low in the survey cohorts and was
consistent with the reported awareness of the system’s technical improvements; survey cohorts (22%, n=

27).

Table 4.3. Awareness of Cold-Climate Heat Pumps

Improvements CC-ASHP Reliability (pre-test)  Reliability (post-test)
. _ _ M=1.63, SD .49 M=3.77, SD .84 M=3.89, SD .87
Seminar Cohorts ‘ M=1.31, SD .47, n=35 n=35 n=35 n=35
M= 1.20, SD .41 M=1.22, SD .42 M=3.67, SD 1.04 M= 3.90, SD .92
Survey Cohorts ‘ n=122 =122 n=121 n=115

Descriptive statistics show that the majority of each experimental group was confident in the CC-
ASHP’s performance reliability prior to receiving the educational intervention; seminar cohorts (68%, n=
24), survey cohorts (57%, n= 70). There was not an observable differential to the frequency distributions
observed in each experimental group following the education intervention, as highlighted in Appendix E.
The perceived reliability was slightly higher with a lower observed variance from the mean in the seminar
cohorts prior to the educational intervention, as highlighted in Table 4.3. However, the average
confidence in the cold-climate heat pump’s performance reliability was consistent with a similar

calculated variance from the mean following the experimental treatment.

Pearson’s r coefficient determined a moderate correlation between the perceived reliability in the

pre-test and the perceived reliability in the post-test; r = .60, p< 0.001. The difference between the survey
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cohorts’ pre-test and post-test mean scores was significant; (M1=3.67, M2=3.90), t= -2.76, p< 0.01.
Univariate analysis provided insufficient evidence to suggest that the difference between group means

was significant; F (1, 146) = 2.13, p= 0.15, n°= 0.01. No other significant effects were observed.
4.4 Impact of Relative Advantages Associated with using a Cold-Climate Heat Pump

It was observed that the high impact of each relative advantage on the reported probability of
adoption was similar in each experimental group; reduced energy bill (seminar cohorts 48%, n= 17,
survey cohorts 55%, n= 67), reduced carbon footprint (seminar cohorts 54%, n= 19, survey cohorts 57%,
n= 70), reduced consumption of purchased energy (seminar cohorts 46%, n= 16, survey cohorts 43%, n=
53). The full frequency distributions for each condition of relative advantage have been included as
Appendix F. It can be observed that the average scores were similar between each experimental group in
the condition of a reduced energy bill, residential carbon footprint, and consumption of purchased energy
in Table 4.4 below. It can also be seen that variance from the mean scores was also similar in each

condition of relative advantage.

Table 4.4: Importance of Relative Advantages

Reduced Energy Bill Reduced Residential Reduced Consumption

Carbon Footprint of Purchased Energy
Seminar Cohorts ‘ M=426,5D 92n=35 =434 5091 M= 4.23, SD .88 n=35
_ _ M= 4.28 SD 1.03 M= 4,18, SD .93 n=
Survey Cohorts ‘ M= 4.30 SD .98 n=118 n=120 117

The consistent average scores observed among experimental groups were supported by univariate
analysis, which showed that the difference between group means was not significant in the condition of

each relative advantage;

i.  Energy bill; F (1, 151) = 0.83, p=0.83, n°= 0.00
ii. Residential carbon footprint; F (1, 153) = 0.12, p= 0.73, n%= 0.00

iii. Consumption of purchased energy; F (1, 150) = 0.08, p=0.78, n2= 0.00
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Pearson’s r coefficient indicated a strong correlation between the importance of a reduced energy
bill and reducing the consumption of purchased energy; r =.79, p< 0.001. A strong positive correlation
was also observed between the importance of a reduced energy bill and a reduction to the home’s carbon
footprint; r = .62, p< 0.001. A positive correlation was observed between the importance of a reduced
consumption of purchased energy and a reduced residential carbon footprint; r = .56, p< 0.001. However,
there was insufficient evidence to suggest that each relative advantage was correlated with an increased

probability of adoption, as shown in Table 4.5 below.

Table 4.5: Pearsons’ r Correlation Coefficients: Relative Advantages & Reported Probability of Adoption

Pre-test Post-test
Within the Within 1-2 3-5 6-10
year pre 1-2years 3-5years 6-10 years EOL theyear years years  years EOL
. .19 .26 .30 22 .34 19 .23 .20 .20 A2
Energy Bill

. .18 .25 .26 .20 .33 .05 A7 .19 A7 .22

Carbon Emissions
Purchased Energy .25 .28 .30 24 42 A4 27 .18 A7 21

4.5 Impact of Educational Interventions on Reported Probability of Adoption

Hypothesis 1: There was insufficient evidence to reject the null hypothesis that the reported
probability of adoption would be unaffected by receiving positive consumer feedback in each
experimental group. There was not an observable differential to the frequency distributions after
informing the participants of the positive consumer satisfaction ratings, as shown in Appendix G. The
average reported probability of adoption did not show an increase following the provision of the
educational intervention, as shown in Tables 4.6 and 4.7 below. It can also be observed that there was not

an observable difference in the variance that was observed from the mean scores.
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Table 4.6: Paired Sample for Means Analysis — Impact of Satisfaction Ratings: Survey Cohorts

Pre-test Post-satisfaction t p
Within the year M=1.82 SD, 1.11 n=98 M=2.10 SD 1.17 n=98 -2.94 P<.01
Within 1-2 years M=2.21 SD 1.38 n=99 M= 2.42 SD 1.39 n=99 -2.13 P<.05
Within 3-5 years M=2.93 SD 1.42 n=99 M=2.88 SD 1.34 n=99 51 P=.61
Within 6-10 years M= 3.15 SD 1.42, n=98 M= 3.15 SD 1.42 n=98 .00 P=1.00
End of Life M= 3.66 SD 1.22 n=104 M= 3.77 SD 1.27 n=104 -.90 P=.37

Table 4.7: Paired Sample for Means Analysis — Impact of Satisfaction Ratings: Seminar Cohorts

Pre-test Post-satisfaction t p
Within the year | M= 2.68, SD 1.19 n=31 M= 2.84, SD 1.49 n=31 -.82 P=.42
Within 1-2 years | M= 2.72 SD, 1.34 n=25 M=2.76, SD 1.42 n=25 -.19 P=.85
Within 3-5 years | M= 3.38, SD, 1.35 n=24 M=3.00,SD145n=24  1.28 p=.21
Within 6-10 years | M= 3.50, SD 1.57 n=22 M=3.32, SD 1.46 n=22 .50 P=.62
End of Life | M= 3.83, SD 1.34 n=24 M=3.79,SD 144n=24 .13 P=.90

Although informing the sample of the positive satisfaction ratings did not produce an observable
increase to the average reported probability of adoption, Pearson’s r coefficient indicated strong positive
correlations between the probability of adoption in the pre-test and the reported probability of adoption

after learning about the positive satisfaction ratings;

e Within the year & Within the year post-satisfaction ratings; r = .68, p< .001

e Within 1-2 years & Within 1-2 years post-satisfaction ratings; r =.74, p< .001

e Within 3-5 years and Within 3-5 years post-satisfaction ratings; r = .69, p< .001

e Within 6-10 years and Within 6-10 years post-satisfaction ratings; r = .65, p< .001

e End of Existing System’s Operational Lifespan and E.o.L post-satisfaction ratings; r = .50,

p< 0.001.
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Strong positive correlations also were present between the positive satisfaction ratings and the

reported probability of adoption in the post-test;

e Within the year & Within the year post-satisfaction ratings; r = .61, p<.001

e Within 1-2 years & Within 1-2 years post-satisfaction ratings; r =.72, p< .001

e Within 3-5 years and Within 3-5 years post-satisfaction ratings; r = .65, p< .001

e Within 6-10 years and Within 6-10 years post-satisfaction ratings; r = .58, p< .001

e End of Existing System’s Operational Lifespan and E.o.L post-satisfaction ratings; r = .56,

p< .001

Hypothesis 2: There was evidence to support that the educational intervention increased the
reported probability of adoption as the existing system approached the end of its operational lifespan. It
was observed that the percentage of participants indicating a high probability of adoption increased as
their existing system was requiring replacement in each experimental group, as highlighted in Appendix
H. The reported high probability of adoption increased from 40% (n= 10) to 73% (n= 19) at the end of the
existing system’s operational lifespan after providing the educational intervention to the seminar cohorts.
A smaller increase was observed at the end of the existing system’s operational lifespan in the survey
cohorts from 33% (n= 37) to 51% (h= 51). The reported high probability of adoption increased from 17%
(n=5) within the year to 73% (n = 19) at the end of the existing system’s operational lifespan in the
seminar cohorts. The high probability increased from 8% within the year (n= 8) to 51% at the end of the

existing system’s operational lifespan in the survey cohorts (n=51).

Paired sample for means analysis supported the descriptive statistics, as shown in Table 4.8 and
4.9 below. It can be observed that the average scores were highest and the observed variance from the
mean was the lowest as the existing system required replacement. The difference between the mean
scores was significant in the seminar cohorts within 6-10 years (M1=3.32, M2=4.18), t= -2.84, p= 0.01,

and at end of the existing system’s operational life; (M1= 3.81, M2= 4.67), t= -3.54, p=0.01. The
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difference between the pre-test and the post-test scores in the survey cohorts was significant in each time

interval except within 3-5 years, as highlighted in Table 4.8.

Table 4.8: Paired Sample for Means Analysis — pre-test versus post-test: Survey Cohorts

Pre-test Post-test T p
Within the year | M=1.85 SD 1.17 n=95 M= 2.22 SD 1.39 n=95 t=-3.45 P<.001
Within 1-2 years | M=2.18 SD 1.38 n=94 M= 2.53 SD1.49 n=94 t=-3.23 P<.01
Within 3-5 years | M=2.91, SD 1.44 n=93 M= 3.02, SD 1.34 n=93 t=-1.13 P=.26
Within 6-10 years | M=3.11 SD 1.46 n=91 M=3.44 SD 1.42 N=91 t=-3.22 pP< .01
End of Life | M=3.66 SD 1.23 N=99 M=4.09 SD 1.20 N=99 t=-4.45 P<.001
Table 4.9 Paired Sample for Means Analysis — pre-test versus post-test: Seminar Cohorts
Pre-test Post-test T p
Within the year | M=2.89, SD 1.12 n=27 M= 2.26, SD 1.14 n=27 t=1.91 P=.07
Within 1-2 years | M=2.91, SD 1.19 n=22 M=2.77, SD 1.51 n=22 t=.45 P= .66
Within 3-5 years | M=3.45, SD 1.30 n=22 M= 3.73, SD 1.35 n=22 t=-.70 P=.49
Within 6-10 years | M=3.32, SD 1.62, n=22 M= 4.18, SD 1.14 n=22 t=-2.84 P<.01
End of Life | M=3.81, SD 1.21 n=21 M= 4.67, SD 0.58 n=21 t=-3.54 P<.01

It can be observed from the above tables that the reported differential to each group’s average

scores was not reportable until within 6-10 years to the end of the existing system’s operational lifespan.

The observed variance from the mean was also at its lowest as the existing system was approaching

replacement in each experimental cohort. The reported probability of adoption was higher in each time

period in the seminar cohorts, with less than half the variance observed from the mean at the end of the

existing system’s operational lifespan.
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While the observed impact of the educational interventions was not significant until the end of the
existing system’s operational lifespan, there was strong positive correlations observed between the

reported probability of adoption after administering the educational intervention;

e Within the year pre-test & within the year post-test; r = .53, p<.001,

e Within 1-2 years pre-test & within 1-2 years post-test; r = .68, p<.001,

e Within 3-5 years pre-test & within 3-5 years post-test; r = .68, p<.001,

e Within 6-10 years pre-test & within 6-10 years post-test; r = .71, p<.001,

e End of existing system’s operational lifespan & E.o.L post-test; r = .64, p< .001.

There were also strong positive correlations observed between the reported probability of
adoption ranging from within the year to the end of the existing system’s operational lifespan after

administering the educational intervention;

e Within the year & within 1-2 years; r =.79, p<.001,
e Within 1-2 years & within 3-5 years; r = .78, p<.001,
e Within 3-5 years & within 6-10 years; r = .75, p<.001,

e Within 6-10 years & End of Existing System’s Operational Lifespan; r = .63, p<.001.

Hypothesis 3: Univariate analysis provided insufficient evidence to reject the null hypothesis that
seminars will be equally effective at increasing the reported probability of adoption as information that is

accessed using digital media;

i) Within year the year; F (1,127) = .474, p= .49, n*= .004,
i) Within 1-2 years; F (1, 121) = .33, p= .57, n?= .03,

iif) Within 3-5 years F (1, 119) = 1.92, p= .17, n*= .02,

iv) Within 6-10 years; F (1, 116) = 2.34, p= .13, 2= .02,

v) End of Life; F (1, 125) = 3.66, p=.06, %= .03.
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Chapter Five: Discussion

Observable rates of anthropogenic climate change in the post-industrial era have been faulted on
unsustainable global production and consumption patterns (Rockstrom et al., 2009; Steffen et al., 2018;
United Nations & FCCC, 2015). Urgent intervention from public and private institutions is required to
facilitate sectoral shifts towards a low carbon economy (Climate Action Tracker, 2019; Environment and
Climate Change Canada, 2016, 2019; IPCC, 2018; Rockstrom et al., 2009; Steffen et al., 2018; United
Nations & FCCC, 2015; Williams et al., 2014). This necessitates global transitions to support clean
electricity production and a mass adoption of low carbon and energy efficient technologies within
industrial, commercial, and residential buildings (Baxter et al., 2013; Environment and Climate Change
Canada, 2016; IPCC, 2018; Lovins, 2014; OECD/IEA, 2011; Ruokamo, 2016; Satnik, 2019; Williams et

al., 2014).

The energy performance of buildings in Ontario has improved through improvements to national
and provincial building codes and the enforcement of more stringent building standards for new
construction (Canada & Office of Energy Efficiency, 2012; Government of Canada, 2017; N. R. C.
Government of Canada, 2017; Government of Ontario, 2016; NRCAN, 2013; Satnik, 2019). However,
there is an opportunity to obtain deeper reductions by facilitating the adoption of low carbon and energy
efficient heating systems. Space heating is responsible for 62% of provincial residential energy
consumption (Szekeres & Jeswiet, 2016, 2018a, 2018b). Further, census data indicates that 60% of the
homes in Ontario are heated with natural gas (IESO, 2017). This mainstream usage of natural gas is
preventing potential improvement in Ontario’s building sector (IESO, 2017; Leach, n.d.; Nieboer, n.d;
Patel et al., 2015; Szekeres & Jeswiet, 2018a, 2018b; Toronto and Region Conservation Authority, 2018;
Wyse & McVey, 2018). Facilitating the residential adoption of modern cold-climate heat pump models
should be regarded as an ideal technical solution to achieving important energy savings and provincial
emission reductions (IESO, 2017; Patel et al., 2015; Szekeres & Jeswiet, 2018b, 2018a; Wyse & McVey,

2018).
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The Government of Ontario acknowledged the opportunity to obtain meaningful energy savings
and carbon reductions by facilitating the residential adoption of high-performance cold-climate heat pump
models (Government of Ontario, 2013, 2016). However, the regulatory support that is required to
actualize these claims has been critiqued to be insufficient (IESO, 2017; Wyse & McVey, 2018). While it
has been affirmed that the price differential between natural gas and electricity is the most significant
barrier to residential heat pump adoption, each of the variables that Rogers’ (1983) affirms is essential to
increase an innovative or unfamiliar technology’s rate of adoption is not being satisfied. It should not be
concluded that the existing price differential is the most significant barrier to residential heat pump
adoption without first increasing residential awareness to the functional reliability and energy

performance of cold-climate heat pumps.

The reviewed provincial feasibility studies have concluded that focused awareness building
campaigns are essential to rectifying the current misconceptions regarding the heat pump’s seasonal
heating performance and to stimulate increased adoption (IESO, 2017; Leach, n.d.; Patel et al., 2015;
Satnik, 2019; Szekeres & Jeswiet, 2016, 2018a, 2018b; Toronto and Region Conservation Authority,

2018; Wyse & McVey, 2018).

The purpose of this study was to assess the impacts of providing two independent educational
interventions on the reported probability of heat pump adoption. Significant increases were observed in
each experimental group as the existing heating system was approaching the end of its operational
lifespan. The current study has reinforced that future awareness building campaigns will be important to
raise provincial exposure to cold-climate heat pumps. Local environmental organizations can adopt a
strategic role in facilitating residential heat pump adoption by sustaining a diffusion of information
throughout their contact lists and by hosting local awareness building seminars. However, the
effectiveness of these programs will likely hinge on additional support from the IESO, the Government of

Ontario, and LDCs across Ontario (IESO, 2017; Satnik, 2019; Wyse & McVey, 2018).
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5.1 Awareness of Cold-Climate Heat Pumps

The first research question examined the sample’s reported awareness of cold-climate heat pump
models. The sample reported a low level of awareness to the technical improvements heat pumps have
made and to the availability of cold-climate heat pumps. One out of three participants in the seminar
cohorts were aware of the technical improvements. The reported awareness was lower in the survey
cohorts, at one in five participants. The reported awareness of the availability of cold-climate heat pump
models was consistent with the awareness of the technical improvements in the survey cohorts (22%, n=
27). It was found that 63% (n= 27) of the seminar cohort was aware of the availability of cold-climate
heat pump models. However, these participants constituted a small percentage of the total sample (n=

158).

The findings suggest that attendance at an awareness building seminar is likely to be prompted by
previous exposure to the technology. However, the reported provincial awareness gap was demonstrated
in the current study’s sample. The low reported rates of awareness to cold-climate heat pumps may prove
to be a barrier to recruiting attendance for future seminar sessions. It is suggested that directly providing
residential consumers with information through digital media and other mass media networks will help to

provide the required exposure to stimulate further inquiry into cold-climate heat pumps.

The sample demonstrated that residential consumers are not being directly provided with
sufficient information regarding cold-climate air source heat pumps and the technical improvements that
have increased the cold-climate heat pump’s functional reliability and energy performance (Calder, 2017;
IESO, 2017; Leach, n.d.; Patel et al., 2015; Wyse & McVey, 2018). These findings reinforce that the
commitments of the previous Government of Ontario to ensure a sustained provision of reliable
information to residential consumers have not been upheld (Toronto and Region Conservation Authority,
2018; Wyse & McVey, 2018). The observed awareness gap has been correlated to public concerns
regarding the heat pump’s seasonal heating performance (Calder, 2017; IESO, 2017; Patel et al., 2015;

Wyse & McVey, 2018). The third research question investigated whether the sample was confident in the
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heat pump’s seasonal heating performance prior to receiving the awareness building campaign. Although
the sample demonstrated a low level of awareness to cold-climate heat pumps, there was no evidence
presented to suggest that either experimental group was skeptical of the cold-climate heat pump’s

functional reliability.

The results show that each experimental cohort was highly confident in the cold-climate heat
pump’s performance reliability prior to receiving the educational intervention. The observed average
scores and variance from the mean demonstrated that the reported confidence was similar between the
experimental groups. Further, there was not a significant correlation between the awareness to the
technical improvements and the reported confidence in the heat pump’s seasonal heating performance.
There was also not an observable relationship between the awareness of cold-climate heat pump models
and the observed confidence in the seasonal heating performance. These findings are inconsistent with the
reviewed literature that has correlated the existing awareness gap to consumer concern’s regarding the
heat pump’s seasonal heating performance (IESO, 2017; Patel et al., 2015; Toronto and Region

Conservation Authority, 2018; Wyse & McVey, 2018).

The confidence in the heat pump’s performance reliability observed in the seminar cohorts can be
attributed to the reported awareness of cold-climate heat pumps. It can be reasonably expected that a
homeowner who is aware of a heat pump designed to function in a cold-climate would expect it to
perform reliably during the winter. However, it is interesting that the survey cohorts also reported a high
degree of confidence in the cold-climate heat pump’s performance reliability prior to the educational
intervention. The demonstrated functional reliability and energy performance of cold-climate heat pumps
has resulted from sustained technical improvements (Bertsch & Groll, 2008; Calder, 2017; Chua et al.,
2010; IESO, 2017; NRCAN, 2017; Patel et al., 2015; Szekeres & Jeswiet, 2018b). Although the study did
not provide evidence to support a relationship between the observed awareness gap and the public’s

perception of the heat pump’s performance reliability, these findings warrant further investigation.
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An extensive body of psychological and sociological research supports that a consumer must
understand the implications of technological adoption to determine the technology to be an attractive and
reliable market alternative (Ajzen, 1991; Bamberg & Mdser, 2007; Caird et al., 2012; Ipsos MORI &
Energy Saving Trust, 2013; Klockner, 2013; Lillemo et al., 2013; Michelsen & Madlener, 2016; Owen et
al., 2013; E. M. Rogers, 1983, 2010; Snape et al., 2015; Zografakis et al., 2008). It is an unexpected
finding that an experimental group with little to no prior exposure to the technology would report a high
degree of confidence in the cold-climate heat pump’s functional reliability. Participation in a study
focused on highlighting the benefits offered by cold-climate heat pumps may have predisposed the survey
cohort to report a higher perceived confidence. Therefore, these findings should not be used to suggest
that the findings of the previously reviewed literature are inaccurate or exaggerated without rigorous

future examination into this relationship.

5.2 Impact of Educational Intervention on Perceived Confidence

The reviewed market literature has concluded that focused awareness building campaigns are
effective ways to target the previous misconceptions held by consumers and to reduce skepticism
regarding the a technology’s functional reliability (Ajzen, 1991; Bamberg & Mdser, 2007; Caird & Roy,
2010; Caird et al., 2012; Fawcett, 2011; Hecher et al., 2017; Ipsos MORI & Energy Saving Trust, 2013;
Klockner, 2013; Owen et al., 2013; E. M. Rogers, 1983, 2010; Szekeres & Jeswiet, 2018a; Wyse &
McVey, 2018). The present study measured the direction and change to the reported confidence in the
heat pump’s performance reliability when installed in a cold-climate. There was evidence presented to
suggest that educational interventions can effectively increase the reported confidence in the heat pump’s

seasonal heating performance.

It was observed that there were small increases to the average confidence in each experimental
group. Although the observed increases were small, it is important to indicate that the reported confidence
was high in the pre-test. The average scores were consistent between the two experimental groups post-

test scores (M= 3.90) with small variations from the mean observed in each dataset. The difference

58



between the survey cohort’s average scores increased from M=3.67 to M=3.90 at alpha 0.01, indicating
that the effectiveness of the intervention was unlikely to be attributed to chance. Further, the reported
confidence in the pre-test showed a strong linear relationship with the reported confidence in the post-test
(r =.60, p=0.001). These findings suggest with confidence that the participants who were confident in
the performance reliability in the pre-test became more certain of their perspectives after the educational

intervention.

The current sample provided evidence to support that focused awareness building campaigns can
increase the reported confidence in the heat pump’s seasonal heating performance (Caird & Roy, 2010;
Caird et al., 2008, 2012, 2007; Ipsos MORI & Energy Saving Trust, 2013; Michelsen & Madlener, 2016;
Owen et al., 2013). The reviewed market literature has concluded that increasing the reported confidence
in a technology’s performance reliability is among the most influential factors to adoption (Bamberg &
Madser, 2007; Caird & Raoy, 2010; Caird et al., 2012; Fawcett, 2011; Han & Stoel, 2017; Hecher et al.,
2017; Ipsos MORI & Energy Saving Trust, 2013; Kldckner, 2013; Owen et al., 2013; E. M. Rogers, 1983,
2010; Szekeres & Jeswiet, 2018a; Wyse & McVey, 2018). However, there were no correlations observed
between the perceived performance reliability and the reported probability of adoption in both the pre and
post-test. These findings suggest that the high perceived performance reliability was not enough to

encourage the replacement of a functional heating system.

5.3 Importance of Relative Advantages Associated with using a Cold-Climate Heat Pump

Market research has already determined that homeowners are highly motivated by an alternative
heating system’s purchase, installation and operational costs (Bjernstad, 2012; Caird & Roy, 2010; Caird,
Roy, & Herring, 2008; Caird, Roy, & Potter, 2012; Howarth & Andersson, 1993; IESO, 2017; Ipsos
MORI & Energy Saving Trust, 2013; Lillemo, Alfnes, Halvorsen, & Wik, 2013; Owen, Mitchell, &
Unsworth, 2013; Roy, Caird, & Potter, 2010; Ruokamo, 2016; Snape, Boait, & Rylatt, 2015; Szekeres &
Jeswiet, 2018a; Wyse & McVey, 2018). However, trends are emerging to suggest that homeowners also

consider their heating system’s environmental performance (Bjernstad, 2012; Caird et al., 2012; Owen et
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al., 2013; Snape et al., 2015). The heat pump’s functional reliability and a comfortable regulation of heat
have also been suggested to be attractive factors to potential adopters (Bjgrnstad, 2012; Caird et al., 2012;
Lillemo et al., 2013; Owen et al., 2013; E. M. Rogers, 1983; Roy et al., 2010; Szekeres & Jeswiet, 2018a;
Wyse & McVey, 2018). Three research questions were designed to investigate if the probability of heat
pump adoption would increase in the condition of a reduced; energy bill, residential carbon footprint, and

consumption of purchased energy.

It was concluded that the sample was interested in the potential to improve their home’s energy
performance while obtaining measurable financial returns. Frequency distributions indicated that
approximately 50% of each experimental group stated that their reported probability of adoption would
highly increase in the condition of each relative advantage. The average scores and observed variations
from the mean were also consistent between the experimental groups in each condition of relative
advantage. The observed descriptive statistics suggest that each experimental group placed equal value in
reducing their home’s environmental performance and reducing their annual energy bills. These findings
reinforce the reviewed market literature pertaining to the importance that environmental and economic
benefits can have on a consumer’s interest in a particular heating system (Bjegrnstad, 2012; Caird & Roy,
2010; Caird, Roy, & Herring, 2008; Caird, Roy, & Potter, 2012; Howarth & Andersson, 1993; IESO,
2017; Ipsos MORI & Energy Saving Trust, 2013; Lillemo, Alfnes, Halvorsen, & Wik, 2013; Owen,
Mitchell, & Unsworth, 2013; Roy, Caird, & Potter, 2010; Ruokamo, 2016; Snape, Boait, & Rylatt, 2015;

Szekeres & Jeswiet, 2018a; Wyse & McVey, 2018).

The implications of these results are reinforced by the strong positive correlations observed
between each condition of relative advantage at calculated alpha levels of .001. The relationships between
each relative advantage demonstrate with confidence that the participants who were interested in
improving their home’s environmental performance were also motivated by reducing their annual energy
bills. These findings are consistent with the conclusions that heat pump adoption is stimulated by a desire

to obtain energy savings through energy efficiency improvements (Bjgrnstad, 2012; Caird et al., 2008,
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2012; T Decker, Zapilko, Menrad, &Center, 2010; Thomas Decker & Menrad, 2015; Lillemo et al., 2013;

Mahapatra Krushna & Gustavsson Leif, 2007; Roy et al., 2010; Scarpa & Willis, 2010).

The reviewed market literature has concluded that emphasizing the relative advantages associated
with technological adoption can stimulate a consumer’s future consumption patterns (Ajzen, 1991;
Bamberg & Moser, 2007; Kléckner, 2013; E. M. Rogers, 1983, 2010). However, the study provided no
evidence to suggest that the condition of each relative advantage was correlated to an increased
probability of adoption, even after administering the awareness building campaign. These findings
demonstrate that while environmental and economic considerations are desirable, these advantages did

not elicit interest in heat pump adoption until the existing system required replacement.

5.4 Examining Demographic Trends

There is a lack of market research in Ontario to suggest if interest in heat pump adoption
demonstrates observable trends relative to a consumer’s age, level of education, and annual income.
However, previous studies have observed correlations between an increased annual income and an
increased interest in heat pump adoption (Braun, 2010; Caird & Roy, 2010; Caird et al., 2012, 2007;
Lillemo et al., 2013). Young adults have also been found to be more interested in adoption given that
these individuals are often in the process of buying their first home and can receive a return on investment
that senior citizens may not (Bird, 2019; Michelsen & Madlener, 2012, 2016; Quinn, 2019). The present
study aimed to determine if there were observable impacts on each variable under investigation relative to

each demographic variable. No significant effects were observed in the demographic dataset.

Pearson’s r coefficient determined that there was not an observable relationship between each
demographic variable and each other variable under investigation. Further, multivariate analysis provided
insufficient evidence to suggest that the between group scores were impacted by the participants age,
level of education, and annual income. It is suggested that future reports examining residential interest in

heat pump adoption continue to investigate if potential demographic trends among various sample
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populations given the study’s relatively small sample population and the participants homogeneity in
shared connections to environmental organizations. Potential demographic trends can identify market
trends suggesting higher rates of interest among certain population groups. Continuing to target these
opportunistic market trends will make important contributions to increasing provincial heat pump

adoption (IESO, 2017).

5.5 The Impacts of Educational Interventions on the Probability of Heat Pump Adoption

The current study has supported the provincially identified awareness gap pertaining to cold-
climate heat pump models (IESO, 2017; Wyse & McVey, 2018). Further, the results have demonstrated
that the sample was interested in the environmental and economic benefits that can be associated with
installing a cold-climate heat pump. These findings have remained consistent with the provincially
reviewed feasibility studies and a wider body of market literature (Bjernstad, 2012; Thomas Decker &
Menrad, 2015; IESO, 2017; Ipsos MORI & Energy Saving Trust, 2013; Klockner, 2013; Leach, n.d.;
Michelsen & Madlener, 2016; Owen et al., 2013; Patel et al., 2015; Sopha et al., 2010; Szekeres &
Jeswiet, 2016, 2018a, 2018b; Toronto and Region Conservation Authority, 2018; Wyse & McVey, 2018).
It is concluded that providing focused educational interventions to raise public awareness about the
advantages offered by modern energy efficient technologies, including heat pumps, can increase interest
in system adoption (Ajzen, 1991; Bamberg & Mdser, 2007; Caird & Roy, 2010; Caird et al., 2012, 2007;
IESO, 2017; Ipsos MORI & Energy Saving Trust, 2013; Kldckner, 2013; Michelsen & Madlener, 2012,
2016; E. M. Rogers, 1983; Wyse & McVey, 2018; Zografakis et al., 2008). The same conclusions are
proposed by the IESO (2017) and Wyse & McVey (2018) regarding the need to provide focused
awareness building campaigns to residential consumers across Ontario, particularly to those that will
receive relative advantages to installing the heat pump. To date, there was insufficient experimental data

in Ontario to support these claims.

The objective of the current study was to address this gap in the reviewed provincial literature and
to examine the impacts that focused educational interventions will have on the reported probability of
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heat pump adoption. The sample has provided evidence to support that focused educational interventions
can increase interest in residential heat pump adoption at the end of the existing system’s operational
lifespan. The results of the hypotheses under investigation in the current study are elaborated in the
following subsections. Section 5.5.1 discusses the effectiveness that educating consumers on the positive
consumer satisfaction ratings can have on the reported probability of heat pump adoption. The
effectiveness of the educational intervention is elaborated in section 5.5.2. The subsection concludes with
a discussion of the impacts of hosting seminar sessions versus making information available through

digital media.

5.5.1. Hi. Impact of Learning about Positive Consumer Satisfaction Ratings

Surveyed heat pump users have reported high satisfaction ratings with their system’s functional
reliability, energy performance, and comfortable regulation of heat (Bjagrnstad, 2012; Caird et al., 2012;
Lillemo et al., 2013; Owen et al., 2013; Snape et al., 2015; Toronto and Region Conservation Authority,
2018). The reviewed market literature has concluded that a social exchange of these positive satisfaction
ratings can encourage further interest in residential heat pump adoption (Thomas Decker & Menrad,
2015; Lillemo, n.d.; Michelsen & Madlener, 2016; Sopha et al., 2010; Szekeres & Jeswiet, 2016, 20183,
2018b). The first hypothesis proposed that if homeowners receive positive consumer feedback on cold-
climate heat pumps then the probability of adoption will increase. There was insufficient evidence
presented to suggest that sharing the positive consumer satisfaction ratings increased the reported

probability of adoption prior to the end of the existing heating system’s operational lifespan.

There was not an observable or significant difference to the average scores and the observed
variance from the mean after informing the participants of the positive consumer experiences. The lack of
an observable increase to the frequency distributions and reported average scores is inconsistent with the
market literature suggesting that this information exchange is highly influential to a consumer’s observed
consumption patterns (Ajzen, 1991; Bamberg & Mdser, 2007; Klockner, 2013; Lillemo et al., 2013;

Owen et al., 2013; E. M. Rogers, 1983, 2010; Sopha et al., 2010; Szekeres & Jeswiet, 2016, 2018a,
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2018b). However, the findings of the study should not be used to discount the claims of the existing

market literature.

There was not a personal association between the informants who educated the sample to the high
satisfaction ratings. It has been concluded that the effectiveness of information exchange is determined by
the degree of trust and association between the informant and recipient of the information (Lillemo et al.,
2013; Owen et al., 2013; E. M. Rogers, 1983, 2010; Sopha et al., 2010; Szekeres & Jeswiet, 2016, 2018a,
2018Db). The experimental procedures failed to replicate these conditions. Further, the individuals were not
connected in a personal dialogue, preventing a reciprocal exchange of information and further inquiry
from the informants regarding the positive experiences. It is plausible that the failure to accurately
replicate these conditions could have attributed to the low increases to each experimental group’s average

SCores.

Although there was not an observed increase to the reported probability of adoption, there was
statistical evidence presented to suggest that the positive satisfaction ratings were related to an increased
probability of adoption in both the pre-test and post-test. There were strong positive correlations observed
between the reported probability of adoption within the year and the influence of the consumer
satisfaction ratings within the year. The correlations were consistently observed ranging from within the
year to the end of the existing system’s operational lifespan. Further, each linear relationship was
significant at alpha .001. These findings demonstrate with confidence that the participants who displayed
an increased interest in heat pump adoption were also positively influenced by learning about the positive

consumer satisfaction ratings.

There were also strong positive correlations observed between the impact of the consumer
satisfaction ratings within the year and the reported probability of adoption within the year after
administering the educational intervention. The trend was also consistently observed until the end of the

existing system’s operational lifespan at alpha levels of .001. These findings reinforce that participants
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who were positively influenced by the positive satisfaction ratings reported a higher probability of

adoption after receiving the awareness building campaign.

The observed correlations suggest that sharing positive consumer satisfaction ratings may help to
increase residential interest in heat pump adoption among consumers who already demonstrate interest in
system adoption (Ajzen, 1991; Bamberg & Mdser, 2007; Thomas Decker & Menrad, 2015; Kléckner,
2013; Lillemo et al., 2013; Michelsen & Madlener, 2012, 2016; Owen et al., 2013; E. M. Rogers, 1983,
2010; Sopha et al., 2010; Szekeres & Jeswiet, 2016, 2018a, 2018b). Ensuring that information regarding
these positive experiences is included in future awareness building seminars may increase heat pump
adoption. Future research is recommended to continue the effectiveness of this information exchange,
particularly when specifically applied to local communities to maximize the information that is further
distributed through a consumer’s social networks. Replicating this research design can provide further
insight into the effectiveness of sharing positive consumer satisfaction ratings when applied across

different sample populations.

5.5.2. Hz: Impact of Educational Interventions on Reported Probability of Heat Pump Adoption

Consumption patterns are argued to be motivated by an assessment of the advantages versus the
disadvantages associated with technological adoption (Ajzen, 1991; Bamberg & Mdoser, 2007; Kloéckner,
2013; E. M. Rogers, 1983, 2010). Psychological and sociological theories suggest that awareness building
campaigns are effective market interventions encouraging public interest in unfamiliar and innovative
technology’s (Ajzen, 1991; Bamberg & Mdser, 2007; Kldckner, 2013; E. M. Rogers, 1983, 2010). The
reviewed market literature has demonstrated the effectiveness of focused educational interventions on the
reported perceptions and interest in heat pump adoption (Caird & Roy, 2010; Caird et al., 2008, 2012,
2007; IESO, 2017; Ipsos MORI & Energy Saving Trust, 2013; Lillemo et al., 2013; Michelsen &
Madlener, 2012, 2016). However, there was a need to expand the available experimental data in Ontario

to support these claims.
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The second hypothesis proposed that if educational interventions on cold-climate heat pumps are
provided to the public then the reported probability of adoption will increase. It was concluded that the
educational intervention effectively increased each experimental group’s average reported probability of
adoption when the existing system required replacement. Notable increases were observed to the average
scores between the pre-test and post-tests at the end of the existing system’s operational lifespan. Large
differentials were observed in each experimental group between the reported probability of adoption
within the year and at the end of the existing system’s operational lifespan after administering the
experimental treatment. The reported differential to the average scores when the existing system required
replacement was significant at alpha .01 in the seminar cohorts and alpha .001 in the survey cohorts. It
can be stated with confidence that the educational intervention effectively increased interest in heat pump

adoption when the user’s existing system required replacement.

The effectiveness of the educational intervention is reinforced by the strong positive correlations
observed between the reported probability of adoption within the year in the pre-test and the reported
probability of adoption within the year after administering the experimental treatment. The correlations
were consistently observed until the end of the existing system’s operational lifespan at alpha levels
between .01 and .001. These findings suggest that the participants who were interested in installing a heat
pump became more confident in their decision after receiving the awareness building campaign. There
were also strong linear correlations observed between the reported probability of adoption within the year
and within 1-2 years after administering the experimental treatment. The trend was consistently observed
until the end of the existing system’s operational lifespan at alpha .001. These findings suggest with
confidence that the participants who were interested in system adoption following the educational
intervention became more confident in their decision as their existing heating system was approaching the

end of its operational life.

The findings of the current study have remained consistent with a wide body of reviewed market

literature advocating the success of similar awareness building campaigns (Caird & Roy, 2010; Caird et
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al., 2008, 2012, 2007; T Decker et al., 2010; Thomas Decker & Menrad, 2015; IESO, 2017; Ipsos MORI
& Energy Saving Trust, 2013; Michelsen & Madlener, 2016; Owen et al., 2013; Roy et al., 2010;
Ruokamo, 2016; Wyse & McVey, 2018). It is concluded that local environmental organizations can play
strategic roles in facilitating interest in residential heat pump adoption by raising residential awareness to
cold-climate heat pumps. It is recommended based on the findings of the current study and the reviewed
market literature that future awareness building programs are provided across Southern Ontario. The
effects of these programs should be clearly monitored to assess their continued effectiveness. However, it
is suggested based on the findings of the current study and the context of the reviewed literature that
assistance from public and private intervention will be required to sufficiently increase residential

exposure and interest in cold-climate heat pumps.

5.5.3. Hs; Impact of Seminar Sessions versus Online Mediums

There is a debate pertaining to which educational mediums will be most effective at facilitating a
sustained opinion change and alterations to a consumer’s consumption patterns. It has been advocated that
information exchange is more influential on the individual when disseminated from an expert (Caird &
Roy, 2010; Caird et al., 2008, 2012, 2007; T Decker et al., 2010; Thomas Decker & Menrad, 2015; IESO,
2017; Ipsos MORI & Energy Saving Trust, 2013; Michelsen & Madlener, 2016; Owen et al., 2013; E. M.
Rogers, 1983, 2010; Roy et al., 2010; Ruokamo, 2016; Wyse & McVey, 2018). However, other scholars
have reported that this information can be perceived to be untrustworthy (Caird et al., 2008, 2012, 2007;
Hecher et al., 2017; Maloney et al., 2013; Roy et al., 2010). Although the reviewed provincial feasibility
studies conclude that focused awareness building campaigns are required to raise residential awareness to
cold-climate heat pumps, few suggestions are provided on how to develop and implement these programs.
The third hypothesis proposed that seminar sessions will be more effective at increasing the reported
probability of adoption than information that is accessed through digital media. However, there was

insufficient evidence from this study to support this hypothesis.
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The seminar cohorts displayed a higher average reported probability of adoption ranging from
within the year to the end of the existing heating system’s operational lifespan. Further, it was observed
that the variance from the mean at the end of the existing system’s lifespan was 50% lower than the
variance observed in the survey cohorts. However, univariate analysis determined that there was not a
significant difference observed between the reported probability of adoption in each experimental group
ranging from within the year until the end of the existing heating system’s operational lifespan. The
differences in the reported descriptive statistics can likely be attributed to the size differences between the
two samples (seminar cohorts n= 35, survey cohorts n= 123). The significant increases to the average
scores observed in each experimental group support that both of these communication channels can

effectively increase residential exposure and interest in heat pump adoption.

There was also no evidence provided to suggest that hosting interpersonal seminar sessions
hosted by perceived experts will be more effective at increasing the reported confidence in the heat
pump’s performance reliability. Univariate analysis demonstrated that there was not a significant
difference between the reported confidence in the cold-climate heat pump’s seasonal heating performance
after administering the experimental treatment. Further, it was determined that the difference within the
seminar cohort’s mean scores did not pass the established alpha test of significance. Contrarily, the
observed difference to the mean scores in the survey cohorts was significant at alpha .01. It can be stated
with confidence that the observed increase within the survey cohorts was attributable to the educational
intervention. The findings have supported that the effectiveness of local awareness building seminars can
be optimized if residents are also directly provided with information through various forms of digital

media.

5.6. Implications of Research

The study has reinforced the provincial awareness gap pertaining to the availability of modern
cold-climate air source heat pump models and the impressive technical improvements the heat pump has

made. The present study has demonstrated that local environmental organizations can play an important
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role in increasing future interest in heat pump adoption by disseminating information throughout their
residential contact lists and by hosting future awareness building seminars. However, these local
organizations will require the support from provincial awareness building programs and financial

incentive models to overcome to the reported barriers to provincial heat pump adoption.

The results presented in the study have demonstrated that the participants were highly interested
in reducing their home’s environmental footprint while achieving financial returns. Further, it was clearly
demonstrated that the participants were confident in the heat pump’s seasonal performance reliability.
However, there were no correlations present to suggest that these relative advantages were related to an
increased probability of adoption prior to the existing system requiring replacement. These findings
remain consistent with a wide body of reviewed market literature suggesting that consumers are hesitant
to replace a functional heating system, even after receiving information on efficient market alternatives
(Bjernstad, 2012; Caird & Roy, 2010; Caird et al., 2008, 2012; Howarth & Andersson, 1993; IESO, 2017;
Ipsos MORI & Energy Saving Trust, 2013; Lillemo et al., 2013; Owen et al., 2013; Roy et al., 2010;

Ruokamo, 2016; Snape et al., 2015; Szekeres & Jeswiet, 2018a; Wyse & McVey, 2018).

The IESO (2017) and Wyse & McVey (2018) have concluded that awareness building campaigns
can be paired with financial assistance programs to help encourage a homeowner to replace a functional
heating system. Governmental agencies should accept the responsibility to implement concerted market
interventions when the public is failing to adopt low risk, low energy technologies (Howarth &
Andersson, 1993). The findings of the current study indicate that awareness building campaigns increase
interest in future heat pump adoption. The impact of supplementing these awareness building campaigns
with appropriately designed financial assistance programs is recommended to be a focal point for future

research.
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5.6.1. Stimulating Interest in Heat Pump Adoption: Financial Incentives

The reviewed provincial feasibility studies have concluded that the provision of financial
assistance programs should help to increase interest in residential heat pump adoption (IESO, 2017; Wyse
& McVey, 2018). Market research has determined that rates of technological adoption, including heat
pump installation, are often catalyzed by the presence of financial assistance programs (IESO, 2017;
Lillemo et al., 2013; Mills & Schleich, 2012; Satnik, 2019; Wyse & McVey, 2018). However, the
resources that are available to municipalities and local organizations are often restricted, indicating a need
for additional funding and grant money from provincial governments and electricity regulators (Satnik,
2019). These partnerships could provide crucial financial support to ensure that these awareness building
campaigns are sustained. Further, residents may have access to programs that can directly increase the

heat pump’s market competitiveness if inclusive programs are designed.

Some financial assistance programs are available from targeted government programs and utility
providers across Ontario to support residential efficiency improvements (N. R. C. Government of Canada,
2018; IESO, 2019a; Ontario, 2019; Satnik, 2019). However, the IESO (2017) and Wyse & McVey (2018)
suggest that the provided funding to facilitate residential heat pump adoption needs to be expanded. It is
suggested based on the recommendations of Satnik (2019) that provincial and municipal policy makers
draw inspiration from incentive models that have already demonstrated success across Canada and within

Ontario.

Financial rebates are being offered to stimulate residential heat pump adoption across Canada,
ranging from Fortis BC’s Oil to Heat Pump program to Nova Scotia’s Heat Pump Incentive Program.
These programs provide templates that can be used by Hydro One, the IESO, and the Government of
Ontario to redesign and reimplement financial rebate programs (IESO, 2017). These financial incentives
have effectively encouraged residential partnership on efficiency improvements, particularly when the
homeowners are aware of the obtainable benefits (IESO, 2017; Lillemo et al., 2013; Mills & Schleich,
2012; Satnik, 2019; Wyse & McVey, 2018).
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Financial incentive models that rebate the heat pump’s purchase or installations costs do not
address the heat pump’s provincial operational costs relative to a natural gas furnace. The impact of
financial rebate programs may be limited considering that 60% of the residents of Ontario heat their home
with a gas furnace. Therefore, financial assistance programs that are strategically designed to reduce the

heat pump’s operational costs may be more effective at increasing provincial rates of heat pump adoption.

Provincial Governments and utility companies across Canada are currently providing financial
rebates, tax reductions, and discounted building permits for new construction and deep retrofit projects
that achieve certified green building standards or display measurable energy savings. Energy credits are
also being provided that scale according to the property’s reduced consumption of purchased energy, such
as Langley BC’s Green Building Rebate Program (N. R. C. Government of Canada, 2018; Satnik, 2019;
Township of Langley, 2015). Further, Toronto’s High Performance Building program previously
provided rebates of $0.10/kWh of reduced energy consumption (City of Toronto, 2019a). However, the

program stopped accepting applicants as of April 1, 2019.

These programs demonstrate that incentive models can encourage sustainable energy decisions by
directly providing financial returns on the energy savings (Satnik, 2019). It is suggested that future
incentive models adopt similar frameworks to provide energy credits to homeowners who install a cold-
climate air source heat pump and can demonstrate a reduced consumption of purchased energy. Szekeres
& Jeswiet (2018a) determined that provincial electricity rates significantly impacted the projected
provincial rate of heat pump adoption. Further, rates of heat pump adoption were significantly increased
as the price of natural gas continued to increase under the projected carbon tax scenario (Szekeres &

Jeswiet, 2018a).

The provincial carbon tax will directly reduce the existing price differential between the
operational costs of a natural gas furnace and a cold-climate heat pump model. The provision of energy
credits to stimulate heat pump adoption will become increasingly competitive under the projected carbon

tax scenario, which introduces further potential to catalyze public interest in heat pump adoption.
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However, these incentive models will be particularly attractive to homeowners who are currently using
electric heating system’s given the available energy savings until the current price disparity is reduced

(IESO, 2017; Patel et al., 2015; Wyse & McVey, 2018).

A strategic opportunity is available by providing energy credits to residential consumers who are
not connected to provincial natural gas lines. These homeowners will receive direct energy savings, while
the strain on rural energy grids will be reduced. The result will help to increase residential exposure to
cold-climate heat pumps, while also demonstrating the importance of obtaining higher standards in new
and existing building designs. While these programs will increase the heat pump’s market
competitiveness, it is suggested that reinforcing the provision of energy credits with low interest loans
may offer the greatest potential to stimulate residential partnership on efficiency improvements (Satnik,

2019).

5.6.2 Determining Effective Financial Assistance Programs: Circular Incentive Models

It is important to carefully consider the effectiveness and financial implications associated with
implementing a particular incentive model. The result ensures a rational and effective distribution of
funding. It is suggested that incentive models will be most effective when they have a circular model
designed to produce a full return on the distributed funding (Satnik, 2019). For example, municipalities
often provide low interest loans to facilitate structural improvements on community and commercial
properties. The improvements increase the property’s value, which also increases the future property
taxes collected by the municipality. The distributing party often collects a full return on the distributed

funding if these circular incentive models are carefully designed (Satnik, 2019).

Circular incentive models have also been used to facilitate deep energy efficiency improvements
to residential properties, such as Property Assessed Payments for Energy Reduction (PAPER) loans.
Applicants receive a free energy audit conducted by a certified efficiency expert to determine if a series of

efficiency improvements can reduce the home’s energy bill by at least 50%. Qualifying homes will
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receive a low interest loan (typically $30,000) to cover the costs of deep residential energy efficiency
improvements. The loan is repaid by adding an extra amount to the resident’s property tax bill. The loan
is gradually repaid with funds that the homeowner previously allocated to their electricity bills. Therefore,
the homeowner avoids the initial capital costs of the efficiency upgrades and the loan is reimbursed in full

(Satnik, 2019).

A key strength to PAPER loans are that they enable deep efficiency retrofits in circumstances that
they would otherwise not be possible given financial restrictions (Satnik, 2019). Further, the presence of a
certified energy efficiency expert can also help to disseminate reliable information about cold-climate
heat pumps, providing increased technological exposure. The United States frequently provides PAPER
loans to raise residential awareness to various available efficiency improvements and to provide financial
support in actualizing these improvements. However, these loans are not commonly offered in Canada

(Satnik, 2019).

While these programs are not common in Canada, Toronto’s HELP Program currently facilitates
residential efficiency improvements by providing low interest loans that are repaid through adding an
extra lien on the property tax (City of Toronto, 2019a; N. R. C. Government of Canada, 2018). The
program includes coverage for air source heat pumps, providing a clear demonstration that these models
are feasible and possible across the province. Further success of these loan models is presented by
Newfoundland and Labrador’s Home Energy Savings Loans Program was expanded to provide a $1-
million heat pump program designed to offer 1000 homeowners with $1000 towards the purchase of their
heat pump. In one month the program had received 682 applicants, along with receiving thousands of
inquiries (Bird, 2019; Quinn, 2019). It is concluded that the template of the HELP program should be
used by the Government of Ontario and the IESO to ensure that homeowners across the province have

access to similar low interest loans.

The present study concludes that the provision of energy credits and low interest loans may help
to increase interest in heat pump adoption prior to the existing system requiring replacement. It is
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suggested that future research continue to examine residential interest and cooperation with these
incentive models to provide direct evidence on their effectiveness. However, it is crucial to acknowledge
that the reported awareness gap suggests that consumers do not have enough information about cold-
climate heat pumps to determine the system to be a reliable market alternative. It should not be expected
that consumers will independently seek financial assistance programs to install a technology that they
have little to no previous exposure to. Therefore, these financial assistance programs will have little effect
unless funding is also directed into developing provincial awareness building campaigns and supporting

the efforts of community seminars hosted by local environmental organizations.

5.6.3 Developing & Launching Local Awareness Building Campaigns

The findings of the current study have reinforced that the Government of Ontario previously
failed to sufficiently increase residential awareness to cold-climate heat pumps (IESO, 2017; Leach, n.d.;
Patel et al., 2015; Szekeres & Jeswiet, 2018a, 2018b; Wyse & McVey, 2018). A clear case has been
presented regarding the need to sustain future awareness building campaigns. The present study has
concluded that local environmental organizations can play a pivotal role in facilitating early rates of
residential heat pump adoption given the associations within group members and between other members
of the broader community. These local organizations should continue to disseminate information
regarding cold-climate heat pumps through their social media accounts, emailing lists, organizational
websites, and monthly newsletters. The results can effectively expose residential consumers to reliable
information and may promote further inquiry into the technology. However, it is suggested that provincial
support from the IESO, Hydro One, LDC’s, and the Government of Ontario is required to facilitate the

effectiveness of these local campaigns.

The Government of Ontario should acknowledge a responsibility to ensure that their previous
commitments to educate the public on modern efficient technologies, including cold-climate heat pumps,
are fulfilled. The IESO can support the Ministry of Environment on developing mass media campaigns
and public advertisements designed to highlight the performance capacity and benefits that cold-climate
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heat pumps offer residential consumers. Further, the IESO can encourage LDC’s across the province to
promote similar advertisements in local communities. These advertisements can reach a large consumer
base if hosted on frequently visited multi-media platforms, such as YouTube, Facebook, and Instagram.
The Government of Ontario has previously used these platforms as a medium to propagate public service
announcements and their usage will contribute to increasing residential exposure to cold-climate heat
pumps. Provincial forms of support such as local advertisements will ensure that information is also
transmitted to members of the public that are not affiliated with these local organizations, helping to

further mitigate the observed awareness gap.

It is suggested that the IESO, Hydro One, and the Government of Ontario can provide more
effective support to local organizations by developing and supporting programs that directly provide
information about cold-climate heat pumps to residential consumers. These directed approaches will
ensure that the public processes and is attentive to the provided information about cold-climate heat
pumps. An effective way to provide this direct exposure is to sustain the provision of programs
supporting free residential efficiency audits with a certified energy advisor, such as the Affordability

Fund.

The continued facilitation of these energy audits can be a strategic way to personally connect a
residential consumer with a certified expert who can clearly translate the benefits associated with
residential efficiency improvements (Satnik, 2019). These energy audits present an ideal opportunity to
raise residential awareness to cold-climate heat pumps. Special consideration should highlight the
available environmental and financial savings to homeowners using electric baseboards or an oil furnace.
Further, energy advisors can inform residential consumers that areas of deficiency throughout the home’s
envelope will affect the energy performance of their heat pump to optimize the heat pump’s functional
reliability and energy performance (Canada & Office of Energy Efficiency, 2012). This directed
information exchange provides a consumer with expert advice, which should increase public perceptions

of cold-climate heat pumps and facilitate further information exchange throughout social networks
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(Ajzen, 1991; Caird et al., 2012; Han & Stoel, 2017; Hecher et al., 2017; IESO, 2017; Kléckner, 2013;
Lillemo et al., 2013; Owen et al., 2013; E. M. Rogers, 1983, 2010; Sopha et al., 2010; Wyse & McVey,

2018).

Provincial support should not be provided without developing programs and partnerships
designed to work with local business, utilities, environmental groups, and residential consumers. This
process involves deep consultation between various stakeholders and with local municipal organizations.
While this process is time consuming, it is important to ensure that the public is are an active stakeholder
in the transition to a low carbon building sector (Brown et al., 2015; Government of Ontario, 2013, 2016;
IESO, 2017; Satnik, 2019; Szekeres & Jeswiet, 2018a, 2018b; Wyse & McVey, 2018). Therefore,
awareness building programs such as energy audits that highlight cold-climate heat pumps should be

encompassed into broader programs supported by a local environmental action team.

A strong example is provided by BC’s Sustainable Communities Program. The Sustainable
Communities Program was designed to reduce communal GHG reductions across British Columbia.
Financial assistance is provided from BC Hydro and local community organizations to support a wide
scope of local environmental services, financial assistance programs, and awareness building campaigns
(BC Hydro, 2019; N. R. C. Government of Canada, 2018; Satnik, 2019). An Energy Manager is hired to
develop a robust Community Energy and Emissions Plan through consultation with local organizations,
municipal representatives, and residential consumers. Further, educational seminars are hosted in
partnership with local community organizations to raise residential awareness and interest in modern
efficient technologies, while providing financial assistance to help actualize these improvements. Data
analysists are hired to track emission reductions and to project opportunities for further reductions
through future energy saving projects. Finally, the success and failures of the implemented programs are

used to provide recommendations to other policy makers (BC Hydro, 2019; Satnik, 2019).

The Sustainable Communities program provides a clear example of the regulatory assistance that
can be provided to mitigate the reported barriers to provincial heat pump adoption. Developing local
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environmental action teams can provide financial assistance to local community organizations to help
spearhead residential awareness building campaigns, including local community awareness building
sessions. Further, funding can be provided to implement the previously discussed financial assistance
programs to help increase the reported interest in replacing a functional heating system. Sustained
provision of these programs will likely facilitate greater exposure to cold-climate heat pumps through a
consumer’s daily social interactions and make important contributions to future rates of heat pump

adoption.

The reviewed market literature has concluded that a consumer’s behavior can be highly motivated
by the standards and group norms of their social networks (Jackson, 2003; Mills & Schleich, 2012; Owen
et al., 2013; E. M. Rogers, 1983; Sopha et al., 2010). Further, consumers have been found to frequently
share information about innovative or unfamiliar technologies and their personal experiences with the
technology throughout their social networks (Lillemo et al., 2013; E. M. Rogers, 1983, 2010; J. C.
Rogers, Simmons, Convery, & Weatherall, 2008; Sopha et al., 2010). Sopha et al., (2010) have found that
early heat pump adoption is highly influenced by the recommendations and advice from friends and
family members, reinforcing these findings. If these local awareness building campaigns are sustained by
local environmental organizations and supported by the IESO and the Government of Ontario, then the
amount of exposure that consumers receive through interacting with their social groups is expected to

increase (IESO, 2019a; Szekeres & Jeswiet, 2016, 2018a, 2018b; Wyse & McVey, 2018).

These local awareness building campaigns can ensure a sustained facilitation of information
throughout members of the community. A circular feedback cycle is established that perpetuates the
likelihood that recipients of this information will continue to pass it to other consumers (IESO, 2017,
Patel et al., 2015; E. M. Rogers, 1983, 2010; Szekeres & Jeswiet, 2016, 2018b, 2018a; Wyse & McVey,
2018). The trust and rapport that is shared amongst a social group can highly influence the behavior and
consumption patterns displayed by group members (Thomas Decker & Menrad, 2015; Hecher et al.,

2017; Jackson, 2003; Klockner, 2013; Lillemo et al., 2013; Michelsen & Madlener, 2016; Mills &
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Schleich, 2012; Newborough & Probert, 1994; Owen et al., 2013, 2013; E. M. Rogers, 1983; Sopha et al.,
2010; Staddon et al., 2016; Szekeres & Jeswiet, 2016, 2018a, 2018b). Consequently, the perceived
attractiveness in the technology is often increased, contributing to sustained rates of technological
adoption (Ajzen, 1991; Bamberg & Mdoser, 2007; Han & Stoel, 2017; Hecher et al., 2017; IESO, 2017,
Klockner, 2013; E. M. Rogers, 1983; Sopha et al., 2010; Szekeres & Jeswiet, 2016, 2018a, 2018b; Wyse
& McVey, 2018). The present study concludes that the sustained provision of these awareness building
campaigns through local environmental networks provides a real opportunity to help increase residential

exposure and interest in residential heat pump adoption.

5.7. Directions for future research

Specific personality characteristics can often elicit certain responses on an outcome variable that
may not be observed within a different population (Creswell, 2014). The study’s sample was recruited by
leveraging Reep Green Solution’s and eMERGE Guelph’s contacts. It can be reasonably assumed that
these participants already have demonstrated some degree of environmental awareness. For that reason,
these participants may have responded more favorably to the treatment variable. Therefore, the
conclusions presented in the current study have been limited to the impacts that local environmental
organizations can have on increasing interest in heat pump adoption. The experimental procedures of the
current study need to be replicated before stating the effectiveness on homeowners who are not affiliated
with these organizations, particularly considering the effectiveness that these campaigns have had in
previous contexts. The results will continue to provide important contributions to the existing body of
market literature examining the effective market interventions to stimulate residential heat pump

adoption.

5.7.1 Replicating the Research

The present market conditions in Ontario discourage consumers from replacing a natural gas

furnace with a cold-climate heat pump. However, these market conditions will change as the federally
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enforced carbon tax continues to increase the residential penalty associated with the combustion of natural
gas for heat energy. Previous research has suggested that rates of heat pump adoption will be highly
influenced by these changing market conditions (Szekeres & Jeswiet, 2016, 2018a, 2018b). It is suggested
that future research will be important to replicate the procedures of the current study as the difference
between annual electricity and natural gas costs changes. The importance of replicating these results will
become increasing important if financial incentive models, such as those discussed in this current study,

are redesigned and provided to residential consumers across Ontario.

There is also a pressing need to continue to replicate these experimental procedures to continue to
determine the impacts of local community awareness building sessions on increasing information
exchange throughout residential consumers. There is currently insufficient market research in Ontario to
make any generalizations to the general population that are not associated with environmental
organizations. An extensive body of future research is required to continue examining the effectiveness
that educational interventions can have on mitigating the reported barriers to residential heat pump
adoption. If the effectiveness of future awareness campaigns can be demonstrated, and these campaigns
actively connect more consumers in dialogues regarding modern heat pumps, than it is expected that the
exposure to modern heat pumps will increase. The results will provide important contexts of effective
local awareness building campaigns and can contribute important insights for the effective development

and implementation of future programs.

5.7.2 Replicating the Research — Probability of Adoption versus Intention of Adoption

The current study assessed if focused educational interventions constitute effective market
interventions to increase the reported probability of heat pump adoption. It is crucial to acknowledge that
the reported probability of adoption does not determine whether a homeowner will actually install a heat
pump in the future. Future longitudinal studies are warranted to determine the heat pump’s observed
adoption rate following an educational intervention. These results can provide market data to reinforce the

observed effectiveness of future awareness building campaigns. These research objectives can also be
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strategically incorporated into future studies that examine the impacts on the probability and the actual
installed frequency of heat pumps as the carbon tax or increased natural gas prices reduces the price

disparity between natural gas and electric heating systems.

80



Conclusion

Facilitating residential adoption of cold-climate heat pumps in Ontario will provide important
carbon reductions, helping to achieve the provincially stated climate action goals. The present study has
provided contributions to the existing body of reviewed market literature pertaining to the need to develop
and sustain local awareness building programs across Ontario. These programs will be important to
increase residential exposure and interest in cold-climate heat pumps. It has been concluded that local
environmental organizations can play an important role in spearheading these local campaigns. Novel
insights have been provided to suggest that leveraging digital media and hosting future local seminar

sessions can both effectively increase a homeowner’s interest in future heat pump adoption.

The current study has concluded based on the suggestions of previous research that appropriate
financial assistance programs are developed and implemented to incentivize the replacement of a
functional heating system. Existing financial incentives for residential efficiency improvements should be
expanded to include funding to support heat pump adoption, particularly through the provision of energy
credits and low interest loans. The result of these programs may help to encourage a homeowner to
replace their heating system for a cold-climate heat pump prior to the end of its operational lifespan.
However, it is important to acknowledge that the effectiveness of these programs will be limited in the

absence of the discussed awareness building campaigns.

While local environmental organizations should continue to spearhead effective awareness
building campaigns, provincial support from the IESO and the Government of Ontario will be important
to increase the availability of reliable information on cold-climate heat pumps. The existing educational
programs offered by the IESO and the Government of Ontario should be expanded to include information
about cold-climate heat pumps. For instance, free energy audits with certified efficiency experts provide
an ideal opportunity to educate homeowners on the benefits to using a cold-climate heat pump. These
partnerships will provide increased exposure to the technology, particularly among residents that do not

have personal affiliations with local environmental organizations.
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These educational programs should also be incorporated into the organizational goals of local
environmental action teams or climate action teams that are developed to support regional emission
reduction targets. These teams can help obtain action on residential efficiency improvements by
supporting local awareness building campaigns and by providing financial incentives to local
homeowners. These programs may effectively increase exposure and information exchange regarding

cold-climate heat pumps, which should contribute to increasing future rates of residential adoption.

Concerted effort will be required to stimulate broad residential awareness of cold-climate heat
pumps. This process will necessitate consultation between various stakeholders, including the residents of
local communities who must be actively involved in a low carbon transition within the provincial building
sector. However, the available carbon savings cannot be overlooked as population growth and economic
development continues throughout the province. The results of forming these partnerships to support local
awareness building campaigns presents an opportunity to facilitate residential partnership on efficiency

improvements, including the installation of modern cold-climate heat pump models.
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APPENDIX A

Demographic Composition of the Sample

A.l Age
Frequency Percent
18-25 17 17%
26-35 21 21%
36-45 17 17%
46-55 19 19%
56-65 20 20%
65+ 8 8%
A.2 Education
Freguency Percent
High School 4 4%
Trade School 8 8%
Bachelors 48 47%
Masters 30 29%
Doctorate 12 12%
A.3 Income
Frequency Percent
Under $20,000 4 4%
$20,000 - $34,999 5 5%
$35,000-$49,999 6 6%
$50,000-$74,999 24 24%
$75,000-$99,999 18 18%
Over $100,000 43 43%
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APPENDIX B
Instrument

B.1 Multiple Choice Questions

Are you aware of the performance improvements that modern ASHP  NO YES
models have received?

Are you aware of the availability of system models designed to function | NO YES
in a cold-climate?
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B.2 PRE-TEST

Low

215

3/5

415

High

On ascale of 1 — 5, with 1 being low and 5 being high, how confident are you in the ASHP’s performance
reliability when installed in a cold-climate?

On a scale of 1 -5, with 1 being low and 5 being high, what is the probability that you would install an
ASHP;
within the year

within 1-2 years
within 3-5 years
within 6-10 years

End of Existing System’s Operational Life

On ascale of 1 — 5, with 1 being low and 5 being high, would your probability of adoption increase if the
system reduced;
your energy bills?

your residential carbon footprint?

your consumption of purchased energy?

A 2012 study conducted by Caird, Roy, & Potter (2012) determined that early heat pump adopters reported
high satisfaction ratings. On a scale from 1 — 5, with 1 being low and 5 being high, does this information
increase your probability of adoption;

within the year

Within 1-2 years
Within 3-5 years

Within 6-10 years

End of Existing System’s Operational Lifespan
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B.3 POST-TEST

Low 215 3/5 415 High

On a scale of 1 — 5, with 1 being low and 5 being high, how confident are you in the ASHP’s performance
reliability when installed in a cold-climate?

On a scale of 1 — 5, with 1 being low and 5 being high, what is the probability that you would install an
ASHP;
within the year

within 1-2 years
within 3-5 years
within 6-10 years

End of Existing System’s Operational Life
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APPENDIX C
Online Factsheet

How a Heat Pump Works

Air source heat pumps are among the most energy efficient heating systems
available on the market. This is because the system transfers heat from one area to
another, which is a more efficient use of energy than generating heat. In the cold
months, the ASHP heats the home using the heat energy in the air outside of the house.
This is possible even when the temperature is below zero degrees Celsius because
heat energy is present in the air until absolute zero (-273 degrees Celsius). The heating
process begins in the outdoor coil as a fan draws air into the system. There is
refrigerant fluid inside of the outdoor coil, which boils at a low temperature. As the fan
draws air into the system, the heat boils the refrigerant, expanding it into a vapour. The
vapour enters the system’s compressor, which reduces the volume, while increasing the
temperature, of the vaporized refrigerant. The heated vapour then enters the indoor caill,
where the heat energy is released into the home’s heating circuits, effectively warming
the house to the desired temperature. The refrigerant is condensed back into a liquid
and when it passes through the expansion valve its pressure and temperature
decreases. The cold refrigerant is then returned to the evaporator in the outdoor coil,
and the heating process is repeated. For the purposes of cooling the home during the
summer months, the same process is reversed to transfer the heat in the air from inside
of the home to the external environment. When heating or cooling the home, the ASHP
provides a slow, steady provision of heat or cool air. Therefore, it is important to not
interrupt the cycle by switching the system on and off to try and save money. It is
important to allow its cycles to progress as required to ensure optimal system
performance (NRCAN, 2017).

Benefits of installing an ASHP

. The ASHP has a 300% energy efficiency rating at temperatures around 10
degrees Celsius, compared to the 96% energy efficiency rating of a high efficiency
natural gas furnace. This will reduce your home’s consumption of purchased energy
and save you money on your annual energy bills if you are currently using electric
baseboard heating.

. An ASHP is powered by electricity, which will lower your home’s carbon emissions
relative to using a fossil fuel furnace

. A study conducted by the Independent Electricity System Operator (IESO) found
Ontario residents who installed an ASHP reported up to 50% reductions in their energy
bill (IESO, 2017)*

. The typical payback period is 2-7 years

. An ASHP’s lifespan is 15-20 years

. An ASHP requires less space inside of the home relative to a fossil fuel furnace
. An ASHP requires less maintenance than a fossil fuel furnace

. Technical advancements have improved an ASHP’s performance efficiency

. ASHP models designed for colder climates can heat homes in temperatures as

low as minus 25-30 degree Celsius
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. There have been high satisfaction ratings among early adopters

Low-Pressure,
Low-Temgparature Vapour

> Reversing Valve

High-Pressure,
High-Temperature Vapour

Inside Coil

Warm Inside Ait

Refrigerant Aeleases
Heat to Air and Returns

te a Liquid State

------------------------

Low-Pressure, High-Prassure,
Low-Temperature Liquid  High-Temperature Liquid
Retrieved from http://btw.build/learn/heating-and-cooling/air-source-heat-pumps/

* For additional information on how an ASHP functions and the benefits that they provide post installation, please

refer to the following resources;
* |ESO. (2017). An Examination of the Opportunity for Residential Heat Pumps in Ontario.

file:///C:/Users/cmaca/Downloads/An-Examination-of-Opportunity-for-Residential-Heat-Pumps-in-Ontario.pdf%20
NRCAN. (2017). Heating and Cooling with a Heat Pump. Retrieved April 10, 2018,
from http://www.nrcan.gc.ca/energy/publications/efficiency/residential/heating-heat-pump/6817
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APPENDIX D

Pearsons’ r coefficient — Demographic Dataset

Age Education Income
Age 1.00 -.15 22
Education -.15 1.00 -.01
Income .22 -.01 1.00
Installed Heating System .18 .05 19
Awareness of performance improvements -.02 .04 14
Awareness of Cold-Climate System Models A1 .01 .08
Perceived Reliability: Pre-test .04 -.09 -.05
Perceived Reliability: Post-test 10 -.02 .02
Impact of Reduced Energy Bill -21 -17 -.20
Impact of Reduced Carbon Footprint -.01 -.03 -11
Impact of Reduced Consumption of purchased energy -.13 -.18 -.05
Probability of adoption: Within the Year -11 -.18 .08
Probability of adoption: Within 1-2 years -.16 -.14 -.09
Probability of adoption: Within 3-5 years -14 -.19 -.05
Probability of adoption: Within 6-10 years -.35 -.06 -14
Probability of adoption: End of Existing System’s Operational Lifespan -.04 -.03 .03
Probability of adoption: Within the year — post-test -.16 -.22 .05
Probability of adoption: Within 1-2 years — post-test -11 -12 -.03
Probability of adoption: Within 3-5 years — post-test -.09 -.21 -14
Probability of adoption: Within 6-10 years — post-test -.10 -.15 -14
Probability of adoption: End of Existing System’s Operational Lifespan —
.10 -11 -.09
post-test
Probability of adoption: Within the year — post-satisfaction .07 -.18 -.18
Probability of adoption: Within 1-2 years — post-satisfaction -14 -.22 -.18
Probability of adoption: Within 3-5 years — post-satisfaction -.21 -.15 -.25
Probability of adoption: Within 6-10 years — post-satisfaction -.30 -.23 -.34
Probability of adoption: End of Life — post-satisfaction .01 -11 -.32
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APPENDIX E

Frequency Distributions: Perceived Reliability

E.1 SEMINAR COHORTS

Low Confidence | 2/5 3/5 4/5 High Confidence
Pre-test 0%, n=0 9%, n=3 23%, n=8 51%, n= 18 17%, n=6
Post-test 0%, n=0 9%, n=3 17%, n=6 51%, n= 18 23%, n=8
E.2 Survey Cohorts
Low Confidence | 2/5 3/5 4/5 High Confidence
Pre-test 4%, n=5 7%, n=8 31%, n= 38 34%, n=41 24%, n=29
Post-test 2%, n=2 4%, n=5 23%, n= 26 45%, n= 52 46%, n= 30
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F.1 Seminar Cohorts

Frequency Distributions: Relative Advantages

APPENDIX F

Low Influence | 2/5 3/5 4/5 High Influence
Reduced Energy Bill 0%, n=0 9%, n=3 6%, n=2 37%, n=13 49%, n=17
Reduced Carbon Emissions 3%, n=1 0%, n=0 11%, n=4 31%, n=11 54%, n=19
Reduced Purchased Energy 0%, n=0 6%, n=2 11%, n=4 37%, n=13 46%, n=16

F.2 Survey Cohorts

Low Influence | 2/5 3/5 4/5 High Influence
Reduced Energy Bill 1%,n=1 8%, n=9 9%, n=11 25%, n=30 57%, n= 67
Reduced Carbon Emissions 2%, n=2 7%,n=8 13%, n=15 21%, n=25 58%, n=70
Reduced Purchased Energy 1%,n=1 6%, n=7 13%, n=15 35%, n=41 45%, n=53
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G.1 — Seminar Cohorts: Pre-test

APPENDIX G

Frequency Distributions: Impact of Positive Satisfaction Ratings

Low 2/5 3/5 4/5 High
Within the year 26%, n=8 10%, n=3 39%, n=12 23%, n=7 3%, n=1
Within 1-2 years 31%, n=8 4%, n=1 27%, n=17 35%, n=9 4%, n=1
Within 3-5 years 8%, n=2 24%, n=6 12%, n=3 32%,n=8 24%, n=6
Within 6-10 years 21%,n=5 8%, n=2 17%,n=4 17%,n=4 38%n=9
End of Life 12%, n=3 0%, n=0 20%, n=5 28%,n=7 40%, n= 10
G.2- Seminar Cohorts: Post-Satisfaction Ratings
Low 2/5 3/5 4/5 High
Within the year 31%, n=10 9%, n=3 9%, n=3 38%, n=12 13%, n=4
Within 1-2 years 30%, n=8 7%, n=2 22%, n=6 30%, n=8 11%,n=3
Within 3-5 years 27%,n=7 8%, n=2 27%, n=7 23%, n=6 15%, n=4
Within 6-10 years 20%, n=5 8%, n=2 28%, n=7 20%, n=5 24%, n= 6
End of Life 15%, n=4 0%, n=0 19%, n=5 26%, n=7 41%, n=11
G.3 Survey Pre-test
Low 2/5 3/5 4/5 High
Within the year 55%, n= 56 18%, n= 18 16%, n= 16 6%, n=6 6%, n=6
Within 1-2 years 44%, n= 46 18%, n=19 13%, n=13 16%, n=17 9%, n=9
Within 3-5 years 23%, n= 24 14%, n= 14 23%, n=24 20%, n=21 19%, n =2-
Within 6-10 years 21%, n=21 7%, n=7 28%, n= 28 20%, n= 20 25%, n= 25
End of Life 6%, n=7 9%, n=11 27%, n= 30 23%, n= 26 33%, n= 37
G.4 Survey Post-Satisfaction
Low 2/5 3/5 4/5 High
Within the year 44%, n= 46 20%, n=21 24%, n= 25 8%, n=8 4%, n=4
Within 1-2 years 37%, n= 38 18%, n=19 23%, n= 24 8%, n=8 14%, n= 14
Within 3-5 years 24%, n= 24 11%, n=11 35%, n= 36 17%, n=17 14%, n= 14
Within 6-10 years 21%, n=21 8%, n=8 25%, n= 25 26%, n= 26 21%, n=21
End of Life 10%, n=11 3%, n=3 23%, n= 24 28%, n= 30 36%, n= 38
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APPENDIX H

Frequency Distributions: Reported Probability of adoption

H.1 Seminar Cohorts: Pre-test

Low 2/5 3/5 4/5 High
Within the year 26%,n=8 10%, n=3 39%, n=12 23%,n=7 3%, n=1
Within 1-2 years 31%, n=8 4%, n=1 27%, n=7 35%, n=9 4%, n=1
Within 3-5 years 8%, n= 2 24%,n=6 12%, n=3 32%,n=8 24%, n=6
Within 6-10 years 21%,n=5 8%, n= 2 17%,n=4 17%,n=4 38% n=9
End of Life 12%, n=3 0%, n=0 20%, n=5 28%, n=7 40%, n=10
H.2 Seminar Cohorts: Post-Test
Low 2/5 3/5 4/5 High
Within the year 41%, n=12 17%, n=5 14%, n=4 10%, n=3 17%, n =5
Within 1-2 years 30%, n=8 15%, n=4 22%,n=6 22%, n=6 11%, n=3
Within 3-5 years 15%, n=4 8%, n=2 27%,n=7 15%, n=4 35%, n=9
Within 6-10 years 12%, n=3 4%, n=1 12%, n=3 27%, n=7 46%, n=12
End of Life 4%, n=1 0%, n=0 4%, n=1 20%, n=5 73%, n=19
H.3 Survey Cohorts: Pre-test
Low 2/5 3/5 4/5 High
Within the year 55%, n=56 18%, n=18 16%, n=16 6%, n=6 6%, n=6
Within 1-2 years 44%, n= 46 18%, n=19 13%, n=13 16%, n=17 9%, n=9
Within 3-5 years 23%, n=24 14%, n=14 23%, n=24 20%, n=21 19%, n =2-
Within 6-10 years 21%, n=21 7%, n=7 28%, n=28 20%, n=20 25%, n=25
End of Life 6%, n=7 9%, n= 11 27%, n=30 23%, n=26 33%, n=37
H.4 Survey Cohorts: Post-Test
Low 2/5 3/5 4/5 High
Within the year 48%, n= 48 12%, n=12 16%, n= 16 16%, n= 16 8%, n=8
Within 1-2 years 39%, n= 38 12%, n=11 21%, n= 20 14%, n=13 15%, n= 14
Within 3-5 years 20%, n= 19 17%, n= 16 20%, n= 19 26%, n= 25 17%, n= 16
Within 6-10 years 16%, n= 15 9%, n=8 17%, n= 16 29%, n= 27 28%, n= 26
End of Life 7%, n=7 4%, n=4 12%, n= 12 27%, n= 27 51%, n= 51
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