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Abstract: Efforts have been put in place to minimize the effects of construction activities and occu-
pancy, but the problem of greenhouse gas (GHG) emissions continues to have detrimental effects on
the environment. As an effort to reduce GHG emissions, particularly carbon emissions, countable
commercial, industrial, institutional, and residential net-zero energy (NZE) buildings were built
around the globe during the past few years, and they are still operating. But there exist many
challenges and barriers for the construction of NZE buildings. This study identifies the obstacles to
developing NZE buildings, with a focus on single-family homes, in the Greater Toronto Area (GTA).
The study sought to identify the technical, organizational, and social challenges of constructing
NZE buildings, realize the importance of the public awareness in making NZE homes, and provide
recommendations on how to raise public knowledge. A qualitative approach was employed to
collect the primary data through survey and interviews. The secondary data obtained from the
literature review were also used to realize the benefits, challenges, and current situation of NZE
buildings. Research results indicate that the construction of NZE buildings is faced with a myriad
of challenges, including technical issues, the lack of governmental and institutional supports, and
the lack of standardized measures. The public awareness of NZE homes has been found to be very
low, thus limiting the uptake and adoption of the new technologies used in this type of homes. The
present study also recommends that the government and the academic institutions should strive
to support the NZE building technology through curriculum changes, technological uptake, and
financial incentives to buyers and developers. The implementation of these recommendations may
enhance the success and popularity of NZE homes in the GTA.

Keywords: buildings; construction; efficient homes; energy efficiency; GHG emissions; homes;
net-zero energy (NZE); NZE building technology

1. Introduction

Every year, numerous commercial, industrial, institutional, and residential buildings
are constructed around the world. Iyer-Raniga [1] reported that almost 235 × 109 m2

of building floor area was constructed by 2016, and an additional 230 × 109 m2 will
be constructed by 2056. A large amount of energy is required to operate the buildings,
which may significantly add to greenhouse gas (GHG) emissions if non-renewable energy
sources are used. Ontario consumes a significant portion of primary energy in its building
sector, and as a developing region, this share is estimated to continue to grow in the
future due to today’s fast urbanization. Buildings account for around 33.3% of the final
energy demand and 30% of GHG emissions in the globe [2]. As of 2018, buildings were
the largest source of GHG emissions in Toronto, accounting for about 55% of the total
community-wide emissions [3]. This is concerning with respect to the effects of GHG
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emissions on the environment. Therefore, more efficient buildings are required for energy
savings and reduced environmental pollution. The goal of net-zero energy (NZE) buildings
is to produce enough renewable energy to meet buildings’ annual energy consumption
requirements by zeroing the use of non-renewable energy [4–6], thus decreasing GHG
emissions [7]. The annual onsite renewable energy for NZE buildings should be equal to
or greater than the actual annual energy demand [8,9]. Achieving this energy condition
is not very straightforward. This paper analyzes the different obstacles to constructing
commercial, industrial, institutional, and residential NZE buildings across the Greater
Toronto Area (GTA) with a focus on single-family homes.

NZE buildings require both energy-saving and energy-producing approaches. Passive
solar design, effective building envelope, energy-efficient appliances, and renewable en-
ergy sources are essential for these buildings. The energy requirement of buildings can be
reduced by orienting the structure properly so that it can gain more solar heat during the
winter but less during the summer, and getting daylight is also important as it can reduce
the energy spent for indoor lighting [10]. Moreover, substantial energy can be conserved us-
ing high-performance insulation in wall, floor, and roof systems [11]. Energy consumption
in buildings can also be significantly decreased using energy-efficient appliances, HVAC
(heating, ventilation, and air conditioning) equipment, and light fixtures [12]. On the other
hand, sunlight and solar heat are commonly used as a source of renewable energy for
buildings [13,14]. Besides, wind, biomass, and geothermal energy can be used for various
building services [15]. The other aspects such as advanced framing, triple-pane windows,
and open-web trusses are also considered for constructing NZE buildings [16].

Research on NZE buildings recognizes the importance of design and acknowledges
the role of construction in the development of these buildings to reduce GHG emissions
and reverse the adverse effects of global warming. Certain studies focused the design and
technical requirements of NZE buildings, and how they impact the environment [17,18].
Many published works show that NZE buildings have been built in different parts of
the globe, including Canada, and they are still operating [14,19,20]. However, in Ontario,
the past research on NZE buildings mainly focused on energy consumption rather than
evidence-based approaches to NZE housing in different areas, including the GTA. Neces-
sary steps were not taken to effectively minimize foremost challenges such as technological
barriers, and to increase the governmental and institutional supports for NZE homes. Also,
the importance of the public awareness was somehow not prioritized. To build more
NZE homes in communities, people who live in those communities and are paying to buy
properties must be educated about efficient homes. More awareness will lead to an increase
in demand for NZE homes. This study has examined the degree of the public awareness of
NZE homes in the GTA.

Natural Resources Canada (NRC) took initiatives in 2013 to enhance the development
of NZE buildings in Canada, starting with a pilot project called “The R-2000 Net-Zero
Energy Pilot” [21]. The purpose was to encourage and support the Canadian construction
companies to build NZE homes, and rate these homes using NRC’s EnerGuide Rating
System and mark them under the R-2000 standard. Thereafter, by 2016, six construction
companies built twenty-three NZE homes in three provinces, including Ontario, and the
feasibility of these homes on a community level in Canada was also demonstrated to
increase their acceptance in the housing market [21]. With all these efforts, NRC has devel-
oped the methodology to evaluate the NZE aspects of buildings that includes modified
home energy rating scale, whole house energy analysis, assessment of emerging technolo-
gies, feasibility studies, mechanisms for enabling construction industry to adopt renewable
energy sources, establishment of energy model and guidelines, and field appraisal [22].

Despite the vast resources and technologies in today’s construction industry, there are
many challenges along the way to develop energy-efficient buildings [23]. NZE homes
are built based on certain new technologies, and thus are not yet popular. It is, therefore,
important to identify the constraints which may hinder the development of NZE homes.
The public awareness is also important because it creates opportunities for the acceptance
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of new technology. This study first identifies and analyzes the technical, organizational,
and social challenges of building NZE homes. Secondly, the study is intended to establish
the importance of public knowledge in promoting NZE homes. Finally, the study aimed
at providing recommendations on how to raise public knowledge on NZE homes. These
recommendations, when applied, could help increase the public awareness of NZE homes
and consequently eliminate some of the obstacles during implementation.

2. Literature Review

The intensification of commercial and residential construction within the City of
Toronto and close to major transit nodes is contributing to high energy consumption and
environmental degradation. Efforts have been put in place to minimize the effects of
construction activities and occupancy, but the problem of carbon emissions continues to
have harmful effects on the environment. To alleviate this problem, Toronto’s leading
developers have developed mechanisms that reduce emissions and improve the energy
performance of buildings [24]. One such mechanism is the adoption of NZE technology
for making homes. Various definitions of NZE homes exist but the overall concept is
having a building which generates as much energy as it consumes with zero carbon
emissions. Iyer-Raniga [1] defines the NZE home as a building that has annual net-zero
energy consumption from the power grid and net-zero carbon emissions. NRC agrees
that an NZE home focuses on producing at least as much energy as it requires on an
annual basis [22]. Numerable new buildings have already been built in the GTA and other
cities or towns of Ontario using NZE technology [25–27]. However, more pace is required
to help the government achieve the targets of its climate action plan through reduced
carbon emissions.

There are barriers for the development and construction of NZE buildings in the GTA.
The lack of knowledge on how to integrate conventional electrical supply to the green
energy system of the home by the electric utility company personnel may undermine
the performance of energy components and systems. Pettit et al. [16] observed that NZE
design requirements such as advanced framing, open-web floor trusses, high-performance
wall and roof enclosure, and solar power integration need advanced skills and expertise.
Piderit et al. [28] agreed that NZE home encompasses a complex system that needs skilled
professionals with knowledge across different engineering, scientific, and technical dis-
ciplines. The construction industry in the GTA is still adjusting to the multi-disciplinary
design approach for NZE buildings. The principal design requirement is to integrate many
energy-saving and energy-producing techniques that are suitable and economically feasible
for a green construction project. For this, an efficient energy use analysis mechanism helps
in the projection of the total annual energy consumption of a building.

Improving energy efficiency is initially costly due to the complex technical require-
ments of NZE buildings. Also, the energy use in the household may vary from one place to
another depending on climate conditions, thus affecting the design and development of
NZE homes. Hamilton [29] reported that surveys on homes with similar energy-saving
systems showed variations in energy use across different climates and regions in Canada;
for example, the average annual home energy cost in Ontario is $2358 and that in Nova
Scotia is $2903. Moreover, the initial construction cost becomes higher for NZE homes than
traditional homes. The case study of NRC [22] showed that their NZE home is not yet
market-feasible because of the large first cost ($100,000 to $150,000) to achieve it. Initial
construction costs increase significantly due to the lack of technological knowledge and
industry experts who possess the technical skills and experience to maximize the benefits
of passive design and install energy-producing components in homes. Hence, certified
NZE home builders should be available in plenty to enhance the growth of NZE homes.
But green energy developers lack an effective certification and assessment system solely
for NZE housing in the GTA. Although Toronto’s leading developers have developed
mechanisms to decrease GHG emissions from buildings and enhance their energy perfor-
mance, the study by Pettit et al. [16] revealed that Chile and Canada have challenges in
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establishing the best practices and standards for NZE homes in the construction industry.
Although developers are incorporating LEED Canada (LEED means Leadership in Energy
and Environmental Design) certification for homes [30], it is not specially formulated for
NZE construction. Without a standardized certification system exclusively for NZE homes,
the construction of these homes may fail.

Government policy plays a major role in the development and popularity of NZE
homes. The City of Toronto has green standards on energy efficiency and renewable
energy for low-rise residential and mid- to high-rise residential and non-residential build-
ings [31,32]. The City also has guidelines regarding the district energy system and opera-
tional systems for mid- to high-rise residential and non-residential development [32]—these
standards and guidelines could be useful to support the development of NZE buildings
in the GTA. However, McVey et al. [33] stated that regional regulations limit the ability of
local distribution companies to establish district energy networks and serve as aggregators
of distributed energy generation and storage resources. Their analysis of the policies
indicated that the existing rules on the participation of combined heat and power projects
in electricity markets create further barriers for coordinating renewable energy sources into
the power system. The lack of policies supporting renewable energy development at the
district level undermines the development of NZE homes. Currently, Toronto lacks NZE
infrastructures that provide capital and technical support to contractors and specialists.
The withdrawal of federal and provincial funding in the Port Lands project debilitated
the sustainable development of NZE community buildings. The lack of capital and fund-
ing destabilizes the process of innovation in the construction industry through research
and development.

Recent trends in building construction create limitations for the development of NZE
housing in the GTA. The high costs of labor and land are contributing to unfavorable build-
ing design strategies [24]. For instance, developers are using low-cost building materials
and minimizing their residential suite size and floor-to-floor height to address the high
land and labor costs. However, these strategies have only served to minimize the costs by
compromising the quality of buildings, and they are not conducive to promote NZE homes.
Eliminating the barriers to NZE housing by improving micro-power grid access, easing
strict permits, and enhancing the process of certification for construction companies will
significantly reduce the cost of construction. Zhang et al. [23] argued that the introduction
of utility energy pricing policy will offer developers realistic economic returns for energy
efficiency and contribute to reducing GHG emissions. Besides, Wills et al. [34] identified
NZE as a performance target, which has not been implemented by the government. The
revision of Canada’s energy policies and new targets for the building sector to facilitate
the development of net-zero ready building codes will improve the standardization pro-
cesses. In addition, facilitating the technological development through research grants will
improve the quality of solar, wind, and heating technologies for use in NZE households in
the GTA and other areas of Ontario. Piderit et al. [28] supported the claim that government
funding provides incentives for construction experts to test new designs, products, and
mechanisms in a risk-free environment.

Along with technical barriers and government policy issues, the lack of awareness
among residents on the benefits of NZE homes has limited their market penetration in the
GTA. People are reluctant to invest in projects whose benefits they do not clearly under-
stand, especially in such a case where the alternative is cheaper. The results of personal
interviews reported by Hamilton [29] demonstrated the lack of public education on the ben-
efits of NZE homes in promoting energy sustainability in Ontario. Whereas more citizens
are becoming conscious of their role in household energy emissions, they lack the basic
information on how NZE housing can reduce GHG emissions and improve sustainability.
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3. Methodology

This study mostly uses a qualitative research approach to examine the barriers to
the development of NZE buildings, particularly single-family NZE homes, in the GTA.
Qualitative research is exploratory in nature, and hence it was better suited for this study
whose main aim was to identify the obstacles for NZE homes by gathering information from
the public and building experts. Surveys and interviews were used to collect information
on the degree of the public awareness of NZE homes. Major barriers or challenges were
identified largely from the interview results and considerably from the survey data. The
data collected were mainly subjected to descriptive analyses to provide an overall picture of
the research findings. The significance of the survey data was also judged using statistical
means. The overall methodology is schematically shown in Figure 1.

Figure 1. Overall research methodology.

3.1. Survey

This study used survey as a primary method of data collection to achieve the re-
search objectives. Survey allows to gather more data for nonexperimental research—
researchers describe the findings by observing the collected data and analyzing how
variables are related to each other [35]. It is also widely used in nonexperimental building
research [12,29,36]. For the present study, the survey questionnaire comprising nine ques-
tions (without any abbreviations), as shown below, was distributed through SurveyMonkey.
The link for the survey questionnaire was also shared on LinkedIn. More emphasis was
given on NZE homes while designing the questionnaire for survey.

(1) What is your age? Please indicate.
(2) What is your occupation? Please select the best answer.
(3) How would you describe your household annual income?
(4) How much do you know about net-zero energy homes?
(5) Would you be interested to purchase a net-zero energy home?
(6) If you are interested to purchase a net-zero energy home, do you think the Ontario

government would support that financially?
(7) Would you be willing to pay extra for a home that helps keep our environment greener?
(8) Do you think net-zero energy homes will help our environment?



Buildings 2021, 11, 95 6 of 23

(9) If you already have a house, would you be interested to install solar panels on
your roof?

For the sake of clarity and the ease of analysis, close-ended questions were used to ob-
tain information from the survey participants. The participants included varying categories
of people in terms of age, occupation, and financial status. The survey collected information
on age, occupation, income level, knowledge on NZE homes, the views on government
involvement, and the level of interest in NZE homes among participants. The respondents
fell within the range of 18 to over 65 years of age with variable household incomes.

According to Statistics Canada’s 2016 Census, the total population of the GTA in 2016
was 5,928,040; among them, the population in the age range of 25–64 years was 3,305,380
(55.76%) and the working population with various occupations was 3,286,350 (55.44%) [37].
The employed population might have the financial capability to buy a home, as most of
them are probably earning annually $50,000 and above. Indeed, they are the main driver
for the growth of NZE homes in the GTA, because they are most capable of buying these
homes due to their economic solvency. Therefore, this population was considered in the
present study to determine the sample size. The necessary sample size was calculated
based on the following Equation (1) [38,39]:

n =
Nz2 p(1 − p)

e2(N − 1) + z2 p(1 − p)
(1)

where,

N = Population size (employed population)
n = Required sample size
p = Expected population proportion (prevalence)
z = Statistical parameter (z-score) for a confidence level (CL)
e = Margin of error (level of precision)

The value of p needs to be estimated before conducting any new survey. To get a larger
sample size, researchers should use 0.5 as an estimate of p [39–41]. The z-score depends on
CL: it is 1.65 for 90% CL, 1.96 for 95% CL, and 2.58 for 99% CL [42,43]. In survey research,
95% CL is commonly used; however, 90% and 99% CLs are also used depending on the
type of survey work [44,45]. For a survey that deals with a smaller sample size, a 90%
CL is acceptable [42,44]. Moreover, a margin of error (e) needs to be assumed to calculate
the sample size from Equation (1). The commonly used range for the margin of error is
1–5% [45], but it can be in the range of 1–10% [42,44,46]. In some cases, the margin of
error can be even more than 10%. Naing et al. [41] mentioned that researchers may use a
larger margin of error (e.g., >10%) in the case of a preliminary study and where there is a
resource limitation. In the present study, a 10% margin of error at 90% CL was specified to
calculate the sample size. For this margin of error, the necessary sample size found from
Equation (1) was 68. However, it should be mentioned that this sample size was found
using p = 0.5, which maximizes the sample size. A smaller sample size will be obtained
when 0.5 < p < 0.5 [41], which practically can occur in survey work. Also, the sample size
will be reduced if a margin of error >10% is allowed [47].

3.2. Interview

This study used interview as another method of data collection to attain the research
objectives. Interview is an important method of data collection for research, where re-
searchers typically gather data through verbal communication with the participants [48].
This technique is also used in building research [49,50]. For the present study, three in-
terviews were conducted that targeted professionals in the construction industry who
have strong backgrounds and experience in the design and construction of NZE buildings.
Candidates were selected based on the number of years of experience, exposure to the
fundamental elements of design, and application of those elements to the construction
of buildings. Andrew Bowerbank and Tony Cupido are two of the interviewees who
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played critical roles in the Mohawk College project, “The Joyce Centre for Partnership and
Innovation”, one of the few recently known projects with the focus of committing to high
performance targets like NZE and zero emissions [26]. They were interviewed over the
phone. Andrew Bowerbank is a former Executive Strategist at EllisDon, Mississauga, On-
tario, for sustainability, energy, and innovation. Tony Cupido, Ph.D., P.Eng., is a Research
Chair, Sustainability at Mohawk College, Hamilton, Ontario, and led the planning, design,
construction, and early operation of the Joyce Centre for Partnership and Innovation. The
other interviewee was Adrian Wang, who worked as the former Director of Innovation
and Sustainability at Tridel, which is a leading developer in the GTA. The interview with
Wang was conducted in person during the tour of one of the first residential NZE suits
built in Toronto.

The interviews were guided by the nine key questions, as listed below, but more
elaborate information was gathered through probing questions. The questionnaire for
interviews was designed giving more focus on public knowledge and challenges regarding
NZE buildings (e.g., single-family homes):

(1) How would you describe NZE buildings?
(2) Name key benefits of NZE buildings.
(3) From your experience, do you believe the public have a good knowledge of this

subject?
(4) How do you describe the role of the government and academic institutions to adver-

tise sustainability?
(5) How do you think we can improve public knowledge?
(6) Tell me about the challenges of designing NZE buildings?
(7) Tell me about the challenges of constructing NZE buildings?
(8) Can you tell me about the financial impact on the investors? What is the average

payback of the additional costs?
(9) Where do you see the future of NZE buildings?

4. Results

The results obtained from the survey are presented in Figures 2–10. These are fur-
ther explained in the text referring to the corresponding figure. Additionally, the results
obtained from the interviews are presented as text paragraphs with each question in
the interview covered separately. Section 4.1 hereafter presents the survey results while
Section 4.2 presents the results of the interviews.

4.1. Survey Results

There were 58 survey respondents who answered all the survey questions, though the
expected number was more than 68, which is required for a 10% margin of error at 90%
CL. This is 85.3% of the necessary sample size (e.g., 68). Moser and Kalton [51] stated that
the results of a survey can be biased and of minimal value if the response rate is <30–40%.
Hence, the above respondent number was considered acceptable for the analysis of the
survey results. The actual margin of error was calculated for the obtained survey data
using the following Equation (2):

e = z

√
p(1 − p)

n
(2)

where,

n = Sample size, it is 58 in this study
p = Expected population proportion (prevalence), a value of 0.5 has been assumed
z = Statistical parameter (z-score) for a confidence level (CL), it is 1.65 in this study
e = Margin of error (level of precision)

The margin of error obtained from Equation (2) is 10.8% at the 90% confidence level. In
terms of standard error (margin of error/z-score), it is 6.6%. These error values are obtained
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for p = 0.5. The level of error decreases with the larger sample size and higher response
rate [52]. If the number of the respondents were 68, which is the calculated sample size,
the margin of error would have been 10%, as specified. Moreover, the positiveness of the
people and their greater participation in a survey lessen the level of error with increased
response rate. For instance, considering the response rate of 85.3% based on the necessary
sample size, if p = 0.853 instead of p = 0.5 is used in Equation (2) for n = 58, it gives 7.6%
margin of error, which is equivalent to 4.7% standard error. Nevertheless, to reduce the
level of error, the authors conducted several interviews in addition to the survey. It was
also done to ensure the reliability of the survey data. Indeed, the interview and survey
results were consistent for related questions, particularly in the viewpoint of the public
awareness, and no serious discrepancies were observed.

4.1.1. Age Distribution of Participants

The respondents were divided into seven groups based on their age, as shown in
Figure 2. The percentages of the respondents for different age groups were as follows: 0%
(under 18 years), 13.79% (18–24 years), 39.66% (25–34 years), 25.86% (35–44 years), 10.34%
(45–54 years), 5.17% (55–64 years), and 5.17% (65+ years).

Figure 2. Participants’ age distribution.

The few respondents (5.17%) who were aged above 65 years may not be really inter-
ested in new home ownership since most of them are already settled in their retirement
homes and moving homes may be quite inconvenient for them. Consequently, they may
not be interested in NZE homes.

4.1.2. Occupation of Participants and Potential Home Buyers

Potential homebuyers constituted the largest percentage (32.76%) of the sample, as
can be seen from Figure 3. This number represents the respondents from the various age
brackets planning to buy homes in the future. Developers and professors constituted the
smallest percentages of the samples with 1.72% and 3.45%, respectively. Of the respondents,
25.86% were students, 10.34% were consultants, and 25.86% were construction professionals.
The respondents may fall into multiple categories. However, the question regarding
occupation only allowed each of them to choose one category, which best describes them.
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Figure 3. Participants’ occupation and potential home buyers.

4.1.3. Annual Income of Participants

The respondents came from varying financial categories. Most of the respondents
(53.44%) were in the upper categories ($75,000 and above), as shown in Figure 4. The
respondents with earning below $15,000 annually constituted the smallest fraction (5.17%)
of the sample. A section of the respondents (13.79%) earns above $150,000 per year. The
middle-income group earning between $50,000 and $74,999 made up 17.24% of the sample.
Of the respondents, 24.13% earn between $15,000 and $49,999 per year.
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4.1.4. Knowledge of Participants on NZE Homes

The respondents had varying knowledge levels on NZE homes. Only 17.24% of the
survey sample was sufficiently familiar with the concept of NZE homes, with only 6.90%
stating that they were extremely familiar with these efficient homes, as can be seen from
Figure 5. On the other hand, 22.41% of the sample had no idea about NZE homes.
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Figure 5. Participants’ knowledge on net-zero energy homes (degree of familiarity).

4.1.5. Level of Interest of Participants in NZE Homes

The respondents’ level of interest in buying NZE homes is shown in Figure 6. Among
the respondents, 10.34% and 29.31% were extremely interested and very interested, respec-
tively. Half of the respondents were somewhat interested in NZE homes, whereas 5.17%
were not so interested and another 5.17% were not at all interested. In total, 39.65% of the
participants were greatly interested in NZE homes.

Figure 6. Participants’ interest in NZE homes (degree of purchase interest).

4.1.6. Thought of Participants on Governmental Support for Purchase of NZE Homes

In the survey questionnaire, the respondents were asked whether they think the
government would support individuals interested in buying NZE homes or not. The
survey results are shown in Figure 7. Of the survey respondents, 39.66% said ‘yes’, 22.41%
said ‘no’, while 37.93% said ‘I do not know’. The overall data confirm that many people
believe they would get governmental support to purchase NZE homes, while a significant
portion thinks they will not get such support.
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Figure 7. Participants’ thoughts on governmental support towards purchase of NZE homes.

4.1.7. Willingness of Participants to Pay More for NZE Homes

NZE homes require extra installations that would lead to additional costs on the home.
The respondents were asked whether they would be willing to pay more for these homes
or not, and the majority (74.14%) said ‘yes’, while the rest (25.86%) said ‘no’, as can be
seen from Figure 8. Although many respondents were not interested initially, they became
willing to pay more for NZE homes after knowing the benefits of NZE technology.

Figure 8. Participants’ willingness to pay more for NZE homes.

4.1.8. Thought of Participants on Environment-Friendliness of NZE Homes

After explaining the concept of NZE homes, the respondents were asked whether they
agree or not that these homes would help protect the environment. Among the respondents,
22.41% were neutral—they neither agreed nor disagreed—while the rest fully agreed that
these homes would help save the environment, and 29.31% agreed strongly while 48.28%
agreed, as can be seen from Figure 9.
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Figure 9. Participants’ agreeance or disagreeance on environment-friendliness of NZE homes.

4.1.9. Interest of Participants in Installation of Solar Panels on Existing Homes

After explaining the concept of solar panels, the respondents who own homes were
asked whether they would consider installing solar panels on their homes or not. The
majority were clearly interested, as can be seen from Figure 10. Of the respondents,
24.14% and 20.69% were extremely interested and very interested respectively, with 32.76%
responding that they were somewhat interested. However, 6.9% were not so interested, and
1.72% were not interested at all. Also, 13.79% answered that it is not applicable for them.
The respondents may have varying energy requirements and they might also understand
green energy differently. These variations may bring about the differences in their interests
in solar energy.

Figure 10. Participants’ interest in installation of solar panels on their homes.

4.2. Interview Results

The three interviewees revealed a range of information from a professional perspective
regarding various aspects of NZE buildings. The information gathered provides some
valuable insight into this new building technology. The interview results are summarized
in the following sections.
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4.2.1. Definition of NZE Buildings

When the interviewees were asked what is meant by NZE buildings, the responses
culminated in one definition: a building that produces as much energy as it consumes
annually, which is consistent with the definitions discussed in Liu et al. [6] and the one
given by Iyer-Raniga [1]. In defining “net-zero”, the “net” is measured annually since there
are peaks and troughs in both production and consumption of energy in different seasons
of the year; thus, they balance out when an annual analysis is done.

4.2.2. Key Benefits of NZE Buildings

The most important benefit mentioned by all interviewees is that NZE buildings do
not consume any energy from the local power grid. This means that a power utility bill
is eliminated when occupying an NZE home. Besides, they stated that an NZE home is
a net-zero carbon building as well. This is because the house relies entirely on the green
energy generated on-site and does not require any additional energy from the power grid,
thereby eliminating any possibility of using non-renewable energy whose manufacture
and consumption lead to carbon emissions [53]. NZE homes contribute to the long-awaited
distribution grid systems. Power is generated and distributed from different points, thus
decentralizing the power grid. NZE requires buildings to be constructed in a high quality
and efficient manner, thus leading to homes that guarantee better occupant health, better
building performance, and increased durability and longevity of the building.

4.2.3. Public Knowledge on NZE Homes

The interviewees agreed that the public lacks knowledge on NZE homes, which was
also obvious from the survey results (refer to Section 4.1.4 and Figure 5). They stated
various probable reasons, including the lack of interest, the high technicality of these
buildings, poor sales and marketing strategies, slow adoption of the technology by the
industry, and the newness of this technology. Additionally, it was hinted that construction
companies are limited by capital incentives as to how far they can spread their wings.
Therefore, most construction companies are localized, and consequently, new technologies
may not expand to other areas.

4.2.4. Role of Government and Academic Institutions to Advertise Sustainability

The interviewees feel that the government is not doing enough to incentivize the public
towards newly developed NZE homes, although in general, many people believe they
would get governmental support to purchase this type of home (refer to Section 4.1.6 and
Figure 7). The use of green energy has been widely identified as an effective way to protect
the environment. However, efficient homes had not been upheld by the government,
particularly the provincial or local municipal government, as essential efforts towards
environmental protection despite their clear benefits. Additionally, academic institutions
have been slow in the uptake of NZE technology despite their clear advantage over other
institutions to raise the public awareness. Training institutions have the capacity to build
NZE buildings to be used as demonstration centers while incorporating different modules
of NZE homes in their curriculums to train the future generations of developers and
construction experts on this technology.

4.2.5. Measures for Improving Public Awareness

On ways to improve the public awareness of NZE homes, the building experts stated
that it might not be very easy. They stated that creating mass acceptance may be quite
challenging. The public awareness can only be created gradually and patiently. Climate
change advocacy groups can incorporate green homes as part of their suggested solutions to
climate change issues. At the same time, educationists can teach NZE building technology
in colleges, universities, and other training institutions to cultivate the acceptance in
learners so that they can apply this when their time comes.
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4.2.6. Challenges of Designing and Constructing NZE Buildings

The interviewees stated that there were not any significant challenges reported re-
garding the design of NZE buildings. However, the lack of skills and professional capacity
was mentioned as one of the major problems in the construction process. This is consistent
with the challenges and barriers reported by McNabb [54]. One of the building experts
stated that, for a successful project, every player must understand the importance of quality,
specificity, and the variation of NZE homes from conventional buildings to play his or her
part as per expectation. This understanding is currently lacking in the industry.

4.2.7. Financial Impact on the Investors

There are additional costs in the construction of NZE homes. It translates to a higher
market price when compared to a similar conventional home, and this is consistent with
what Hamilton reported in the past [29]. His report revealed that new homebuyers would
need to spend at least $35,000 more for a single-family NZE home. However, the extra
cost will be catered for by the savings on energy, which will be realized by the occupant
over time. One of the building experts pointed out that the payback on the extra cost will
depend on how the occupant uses the energy-efficient features of a house and live on NZE,
thus eliminating the cost of home energy. Also, another building expert indicated that the
payback period on the extra cost will significantly decrease if more units of NZE homes
are built.

4.2.8. Future of NZE Buildings

On the future of NZE buildings, the building experts projected that the technology
would spread and be widely adopted. One of the interviewees mentioned that many of
his colleagues in colleges and universities are designing net-zero energy or zero-carbon
buildings. More people will focus on energy conservation, NZE, and net-zero carbon,
thus increasing the popularity of NZE homes. Consequently, it will bring forth enormous
energy savings and mitigate GHG emissions. Such positive impacts were also discussed
by Feng et al. [55] in the context of China. They predicted that the overall primary energy
savings in the range of 270–320 million tons of coal equivalent (Mtce) annually in 2030
and 740–1060 Mtce annually in 2050 will be achieved in China, mostly through energy
efficiency measures.

5. Analyses of Survey and Interview Results
5.1. Participants’ Age Distribution

The participants were in the age range of 18 to over 65 years. The respondents aged
between 18 and 24 years are naturally expected to be students or in their entry careers.
They may have varying degrees of knowledge about NZE homes, depending on their
field of education, expertise, and exposure. Individuals aged between 25 and 44 years
are expected to be the first-time or potential homebuyers. These are the people who may
have a plethora of knowledge on homeownership, including prices and new developments
in the industry. Hence, the people in the age groups of 25–34 and 35–44 years shall be
more interested in purchasing NZE homes. Participants aged between 45 and 54 years are
most likely homeowners and already settled down. But they may be termed as potential
homebuyers if they plan to buy other residential properties. They have gained quite an
experience in homeownership and the real estate business. Some from this age group
may decide to purchase an NZE home. Individuals aged over 54 years of age may not
have vast experience and knowledge in NZE homes because they are relatively new in
the housing market. However, some of them, especially those in the construction and real
estate industries, may be well-versed with the idea, and go for purchasing an NZE home.

5.2. Participants’ Occupation and Potential Home Buyers

Participants fell into different occupational categories. However, participants may
have fallen into multiple categories, but the study limited each participant to one category.
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The participants were to choose what describes them best. Potential homebuyers (32.76%)
represent the respondents from the various age brackets and economic statuses planning
to buy homes in the future. These are mostly people in the age groups of 25–34 and
35–44 years who are already working, probably in their early career years or those who
have been working but have not yet managed to buy homes. These individuals may be
professionals in different fields. The respondents who identified themselves as consultants
and construction professionals may also be potential homebuyers.

5.3. Participants’ Annual Income

The survey participants were from different financial categories. The different financial
abilities indicate the disparity in the purchasing power of individuals. An individual’s
financial ability dictates the kind of housing s/he would consider and the features that
would make up such an individual’s ideal housing. Most participants (53.44%) have an
annual income above $75,000. These individuals could be more interested to purchase NZE
homes due to their higher financial ability.

5.4. Participants’ Knowledge on NZE Home

Most participants had not enough knowledge on NZE homes, as can be seen from
Figure 5. Among the respondents, 32.76% were somewhat familiar and 27.59% were not
so familiar with NZE buildings. Only 17.24% knew most about NZE homes, and many of
these individuals are probably consultants and construction professionals. Most of them
are in the age groups of 25–34 and 35–44 years. Furthermore, 22.41% of the respondents
were totally unaware of NZE homes. Many of this group may not be interested in these
energy-efficient homes unless they rightly know their benefits.

5.5. Participants’ Level of Interest in NZE Homes

The participants had varying degrees of interest in buying NZE homes, as obvious
from Figure 6. The degree of interest may vary according to the degree of awareness and
understanding of the concept of NZE homes. Among the respondents, 39.65% were highly
interested in NZE homes. These people perhaps know and understand NZE homes and the
benefits of having such a home, possibly because of their building-related occupation (e.g.,
consultants, construction professionals). They are likely to be in the age groups of 25–34
and 35–44 years. Moreover, many participants were slightly interested in NZE homes and
they comprise the largest segment (50%), as can be seen from Figure 6. They may have an
idea of what NZE homes are all about but have not understood the concept clearly. Some
of them may shift their interest once they fully understand the concept of NZE homes.
Those who were not so interested and disinterested collectively constituted 10.34% of the
individuals participated in the survey. They are the smallest in number, as evident from
Figure 6. The lack of awareness is a major contributing factor to the lack of interest.

5.6. Participants’ Willingness to Pay More for NZE Homes

The initial cost of purchasing NZE homes is higher compared with conventional
homes [29]. But most of the individuals who participated in the survey became willing to
pay more for NZE homes when they were informed of the benefits of having these homes.
It is evident from Figure 8 that 74.14% of the respondents became willing to spend more
money for purchasing an NZE home. They are mostly from the age groups of 25–34, 35–44,
and 45–54 years, with an annual income of $50,000 and above.

5.7. Participants’ Thoughts on Environmental Friendliness of NZE Homes

The idea of NZE homes was brought up as a way of protecting the environment from
harmful GHG emissions and exploitation of natural resources [24]. NZE homes produce
as much energy as they consume [4]. Also, NZE homes produce energy from renewable
sources, such as sunlight and solar heat, and they consume less energy [11–13]. After
knowing these facts, 77.59% of the participants agreed that NZE homes are environmen-
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tally friendly, as obvious from Figure 9. This number would rise with the appropriate
dissemination of knowledge and enhanced public awareness of NZE buildings.

5.8. Participants’ Willingness to Install Solar Panels

One way of achieving NZE homes is through using solar energy [13,14]. Solar panels
convert solar energy (e.g., sunlight) into electrical energy. This is a comparatively new
technology. Earlier on, the use of solar energy was not commonly applied in residential
construction. Therefore, the owners of old homes can only take the advantage of solar
energy through the installation of solar panels. After knowing this fact, most of the
respondents (77.59%) became interested in installing solar panels on existing homes, as
evident from Figure 10. These individuals are mostly different professionals who are
earning annually $50,000 or more and prepared to install solar panels. Within the remaining
22.41%, 8.62% were not interested and 13.79% said that it is not applicable to them. Some
of these individuals might not need solar panels depending on where they are living, while
the others may not have the financial capability to install these panels.

5.9. Definition of NZE Homes

Various definitions exist to describe the concept of NZE home [4,6]. The three experts
interviewed defined NZE homes as buildings that produce as much energy as they consume
and agreed that these homes are either zero- or low-carbon as well. However, Andrew
Bowerbank noted that net-zero is an ideal measure, but the idea is to come as close to this
as possible. The primary benefit stated for these buildings is that they use minimal to no
energy from the power grid, and thus significantly reduce the energy cost. On the other
hand, Tony Cupido, a building expert, stated that sometimes an NZE building may add
some energy to the power grid if it produces more renewable energy than it consumes.

5.10. Challenges Faced in Design and Construction of NZE Homes

Various challenges exist against the development and construction of NZE homes in
the GTA. They are discussed below.

5.10.1. Technological Barriers

The interviewed experts pointed out the lack of technological know-how as a major
challenge faced in the construction of NZE homes. This corroborates Piderit et al. [28], who
observed that NZE home involves an intricate system that requires competent professionals
with experience across various engineering, scientific, and technical fields. The common
challenges in design and construction include finding the right interdisciplinary team as
well as getting suppliers to deliver the specific materials or products as required for NZE
homes. This is because the idea is quite new and qualified professionals educated with
NZE building technology are not yet abundantly available in the construction industry. The
deficit of knowledge on how to integrate the regular electrical supply with the green energy
system of homes by the electric utility company staffs may emasculate the performance
of energy components and systems. The principal design requirement is to integrate
many energy-saving and energy-producing techniques that are suitable and economically
feasible for a particular construction project. Pettit et al. [16] asserted that net-zero design
requirements such as advanced framing, high-performance wall and roof assemblies, open-
web floor trusses, and solar power integration require advanced competences and expertise.
For this, architects and engineers should be well-versed with NZE building technology
before applying it to make homes. Also, the trade people need to be trained beforehand for
the installation of various elements and systems of NZE homes.

Along with a construction team comprising various professionals with different
expertise, advanced materials and products with good quality are required for constructing
NZE homes. For example, solar units (e.g., solar panel, solar tile or shingle, photovoltaic
glass) are intended to be used for generating green electricity [13,14,56]. The manufacturers
should have adequate knowledge for producing these advanced products. The contractors
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should also know enough about NZE building technology. Moreover, for the economic
use of such products, the total energy requirement for a home needs to be known. An
effective energy use analysis mechanism helps in the prediction of the total yearly energy
consumption of a house. By executing Building Information Modeling (BIM)-based energy
performance analysis, it is possible to optimize the energy consumption of a house [57].
Trained professionals and special software (e.g., Autodesk Revit, Green Building Studio,
EnergyPlus) are required to fulfill this purpose.

5.10.2. Lack of Governmental and Institutional Supports

The interviewees stated that both the government and academic institutions have a
role to play in improving NZE homes. They think that the government should provide
good support to individuals interested in buying NZE homes. This may be attributed to
the fact that NZE homes are not popular amongst the public and therefore, the government
intervention is required. According to McVey et al. [33], the existing regulations on the
participation of combined heat and power projects in electricity markets create barriers
for coordinating renewable sources into the energy system. Federal and municipal policy
frameworks ought to eliminate the capital and financial barriers to the construction of NZE
homes. According to an interviewee, Tony Cupido, the provincial and local municipality
governments have been less supportive of energy-efficient buildings than the federal
government. In the GTA, the City of Toronto has established green standards on energy
efficiency and renewable energy with limits of GHG emissions in the cases of low-rise
and mid- to high-rise residential as well as non-residential buildings [31,32]. Low-carbon
district energy system for mid- and high-rise buildings is also addressed in one of these
green standards [32]. However, regional regulations constrain local distribution companies
from establishing district energy networks and serving as collectors of distributed energy
generation and storage resources [33]. The lack of policies for enhancing renewable energy
at the district level undercuts the development of NZE buildings. Furthermore, single-
family homes are not yet focused by the green standards of Toronto. Hence, the government
policies supporting the growth of NZE homes in the GTA are necessary. According to an
interviewee, Andrew Bowerbank, the government should listen more to the industry to
develop the frameworks and regulations for the advancement of NZE homes.

Academic institutions have recognized the need for change in curriculums, but it
seems to be a lengthy and complex process and is taking a long time just to change some
of the curriculums. According to Tony Cupido, this is unacceptable, and the colleges and
universities should move quicker to adopt to the industry needs and what the marketplace
demands. Academic institutions need to do more and should be more progressive. On
the other hand, Andrew Bowerbank, an interviewee, thinks the colleges and universities
focus on sustainability as much as they can. Academic institutions can build the buildings
to demonstrate NZE technology, and they can also access the funds required to accom-
plish these projects, which are happening now, as he said. According to him, academic
institutions “are the conduit to train the next generation of professionals, the millennial
generation, or the one coming after”. Colleges and universities should understand the
impacts of climate change and the importance of green economy as soon as possible, and
act accordingly to educate the people.

The survey results revealed that many participants (37.93%) do not know whether
they will get the governmental support or not for purchasing NZE homes. This may be
due to the lack of public knowledge and inadequate distribution of information regarding
the government’s programs on NZE technology. However, a significant portion (22.41%) of
the participants said that the government will not support them (refer to Section 4.1.6 and
Figure 7) to buy an NZE home. Two interviewees also pointed out that the government is
not adequately supportive of NZE homes: Adrian Wang said, “For the consumers there
are really no funds available to purchase a more energy-efficient unit.” However, Canada
Mortgage and Housing Corporation (CMHC) gives a rebate of up to 25% on the CMHC
mortgage loan insurance premium when an individual buys or builds an energy-efficient
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home (new home) or buys an existing home and makes energy-saving renovations [24,58].
At present, some rebates and incentives are also available for Toronto homeowners through
a multi-partner program “BetterHomesTO” launched by the City of Toronto on 5 November
2019 [59] to help the residents undertake home energy retrofits.

There are no incentives and rebates currently from the City of Toronto to encourage
people to purchase new NZE homes. This is perhaps due to the reason that the City first
wants to transform the existing homes (old homes) to the net-zero emissions level as they
are collectively consuming more energy and emitting more GHG. The City Council of
Toronto professed a climate emergency on 2 October 2019 and urged that the City should
comply with net-zero emissions by 2050 or earlier. The City wants all new homes to
be built to net-zero emissions by 2030 and all existing homes to be retrofitted to net-zero
emissions by 2050 [60]. To achieve the target of net-zero emissions from buildings, attractive
incentives and rebates should also be available for Toronto homebuyers to go for new
NZE homes.

5.10.3. Lack of Public Awareness

The survey results revealed that NZE homes were not well-known to many people, as
can be seen from Figure 5. This is probably because the concept of NZE homes is relatively
new. It has started as an effort towards climate change adaptation. The interviewed
building experts agreed that the public lacks enough awareness of NZE homes. They
stated that the public is not familiar with energy-efficient homes except for a few people
and the fact that it is difficult to create significant awareness among the public. It was
observed from the survey results that 82.76% of the participants were not well-familiar with
NZE homes (refer to Section 4.1.4 and Figure 5). Also, 60.34% of the survey respondents
were not fairly interested in NZE homes (refer to Section 4.1.5 and Figure 6). In these
perspectives, it should be mentioned that 25.86% (from Section 4.1.2 and Figure 3) of the
survey participants were construction professionals. In general, these data conclude that
the public is not quite familiar with NZE homes. Such lack of the public awareness of NZE
homes has limited their market penetration. The report of Hamilton [29] also revealed that
the lack of public knowledge on NZE homes is acting as a barrier for promoting energy
sustainability in Ontario. The conception of NZE homes was introduced as a means of
minimizing the exploitation of natural resources and protecting the environment from
detrimental GHG emissions. Most of the survey respondents agreed that these homes
would help save the environment. Nevertheless, although more citizens are becoming
conscious of their role in household energy emission, they lack the basic information on
how net-zero housing can reduce GHG emissions and improve sustainability. As shown in
Figure 9, 22.41% of the survey participants were not sure whether NZE homes are one of
the mechanisms contributing to the green environment.

Significantly more than 50% of the survey participants were not quite interested in
purchasing NZE homes. This is linked with their shortfall of knowledge and understanding
of the concept of NZE homes. A good understanding of the benefits of NZE homes may
contribute positively to a growing interest in such homes. On the other hand, NZE homes
have extra installations that would lead to additional costs on the home. The issue of extra
cost may be clarified further while enhancing the public awareness of NZE homes. After
knowing about NZE technology, most of the participants said they would be willing to pay
more for NZE homes. Additionally, most of the participants indicated that they would be
willing to install solar panels on their homes. This may be an indicator that more people are
willing to purchase greener homes for a greener environment despite their high initial cost.
However, the building experts observed that while the initial cost may be higher, the return
on investment should be enough to offset this cost. Advocacy and public campaigns may
enhance the public’s understanding of NZE homes, especially the associated benefits. The
research findings point to the fact that increased awareness of the benefits of NZE homes
may increase the public’s interest in these homes. Consequently, this will open more market
as demand increases and help save the environment from harmful GHG emissions. The
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government, academic institutions, and the industry should work harmonically together
to increase the public awareness of NZE homes.

6. Conclusions and Recommendations

The study sought to find the obstacles associated with NZE homes, realize the public
awareness of these homes, and recommend ways in which their popularity can be achieved.

6.1. Conclusions

Research findings revealed that there are various challenges associated with the
construction of NZE homes, including insufficient technological experts, the deficient
governmental and institutional supports, and the lack of public knowledge, stated broadly.
The shortage of enough professionals who understand the NZE technology exists in the
GTA construction industry. The construction of an energy-efficient building calls for
interdisciplinary collaboration. Finding experts from the different disciplines is an uphill
task. The lack of public awareness is also hindering the growth of NZE homes in the
GTA. In these scenarios, the building experts (interviewees) have various opinions on
what should be done and how it should be done to overcome the visible obstacles to the
development of NZE homes.

The interviewed building experts mentioned that technological barriers are the most
critical obstacles to developing NZE homes in the GTA. The lack of technological know-
how is hindering the promotion of NZE homes. This is because the idea of NZE homes is
relatively new and the availability of skilled professionals educated with NZE building
technology is currently limited in the construction industry. To promote NZE homes,
technological barriers must be removed urgently. Architects and engineers should be
well-educated about NZE building technology before designing and constructing NZE
homes. The manufacturers should also be trained to make energy-saving building materials,
products, and appliances as well as to create energy-producing elements. In addition, the
trade people need to be trained in advance for the installation of different energy-producing
components and systems on NZE homes. There should also be standardized measures to
evaluate the performance of NZE homes.

Next to technological barriers, the lack of governmental and institutional supports
plays a critical role against the promotion of NZE homes. Many survey participants
residing in the GTA think that they will not get governmental support to purchase an NZE
home. In this perspective, the interviewed building experts indicated that the government
should be adequately supportive to individuals who are interested in purchasing NZE
homes. At present, there are no incentive and rebate programs in the GTA for buying new
NZE homes, although some financial supports are available for energy retrofitting of old
homes. The federal and municipal policy frameworks should also be conducive to the
construction of NZE homes. The lack of good policies for developing renewable energy
may undermine the progress of NZE houses.

Lastly, the lack of the public awareness is also acting against the advancement of NZE
homes. At present, the public awareness of NZE homes is seriously lacking in the GTA.
Both interview and survey results disclosed that the GTA public lacks enough awareness of
NZE homes, although construction professionals and consultants know about these homes.
Many survey participants were not quite familiar with NZE homes and they were not
interested in purchasing these energy-efficient homes. This is because they were not aware
of the benefits of living in an NZE home. Such lack of knowledge is limiting the sale of
NZE homes. The popularity of NZE homes depends to a greater extent on the knowledge
that the public have towards them. The lack of the public awareness may lead to a poor
level of interest in NZE homes despite their perceived benefits. The government, academic
institutions, and the industry all have an important role to increase the public awareness of
NZE homes.

Many residents in the GTA are financially capable of purchasing a new NZE home,
having an annual income above $75,000. They also have the capability to install solar
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panels on old homes for energy efficiency. Most of the survey participants residing in the
GTA became willing to pay more for NZE homes and install solar panels on old homes
after knowing their benefits. They agreed that NZE homes are environmentally friendly.
These findings suggest that more public awareness of NZE homes is required to enhance
the growth of such homes in the GTA.

6.2. Recommendations

The government, the academic institutions and centers, and the industry should work
together to remove technological barriers, which are the most critical obstacles on the
way of NZE homes for their growth in the marketplace. Skilled professionals should be
produced through necessary training to remove the technological barriers for constructing
NZE homes. For this, academic institutions and training centers should take the leading
role and the government should support them. In addition, the manufactures ought to
understand the essence of NZE building technology and ensure the availability of the
materials and products required for NZE homes. Necessary tools, such as equipment and
software, required for analysis, design, and construction should also be obtainable for the
creation of NZE homes.

The education sector should do more to incorporate newer NZE building technology
into the curriculum to prepare students for the real world that they will be going to face
after graduation. This sector needs to uptake any technological change as rapidly as it
occurs to prepare the students to be adaptable in the ever-changing world, especially in
the matters related to construction technology. Universities and colleges should produce
technologically knowledgeable graduates who can work competently in the construction
industry to build NZE homes.

More efforts need to be made for the public awareness of NZE homes. Different
approaches to the creation and enhancement of the public awareness on matters related
to NZE homes and green energy, in general, should be sought and implemented. The
government should engage the green energy construction experts in policymaking and
curriculum development to enhance the applicability and effectiveness of NZE homes. In
addition, the government should offer incentives or rebates to encourage the public to
purchase NZE homes. An incentive program should also be created for the developers
to construct more and more NZE homes. Moreover, the federal and municipal policy
frameworks should eradicate the capital and financial obstacles to the construction of
NZE homes.

Additional studies should be carried out, although the survey and interview findings
of the present study are coherent. More people should be surveyed, and more building
experts should be interviewed to minimize the level of errors. Especially, further investiga-
tion should be conducted to find effective ways (e.g., technical means, training, knowledge
dissemination, policies) of resolving various obstacles or challenges for the advancement
of NZE homes.
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