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Abstract: Residential demand response empowers the role of electricity consumers by allowing
them to change their patterns of consumption, which can help balance the energy grid. Although
such type of management is envisaged to play an increasingly important role in the integration of
renewables into the grid, the factors that influence household engagement in these initiatives have
not been fully explored in Japan. This study examines the influence of interpersonal, intrapersonal,
and socio-demographic characteristics of households in Yokohama on their willingness to participate
in demand response programs. Time of use, real time pricing, critical peak pricing, and direct load
control were considered as potential candidates for adoption. In addition, the authors explored the
willingness of households to receive non-electricity related information in their in-home displays and
participate in a philanthropy-based peer-to-peer energy platform. Primary data were collected though
a questionnaire survey and supplemented by key informant interviews. The findings indicate that
household income, ownership of electric vehicles, socio-environmental awareness, perceived sense
of comfort, control, and complexity, as well as philanthropic inclinations, all constitute drivers that
influence demand flexibility. Finally, policy recommendations that could potentially help introduce
residential demand response programs to a wider section of the public are also proposed.

Keywords: demand response; demand side management; consumer engagement; residential electric-
ity consumers; energy behavior; philanthropy; smart grid

1. Introduction

Electric grid systems are most efficient and reliable when supply and demand are
balanced, which is typically achieved through the expansion of generation sources, the
use of reserves and the capacity of transmission and distribution networks [1]. However,
continuing to rely on such techniques alone represents an unsustainable and challenging
pathway, as the electrification of heating and transport is projected to significantly increase
in the course of the 21st century, greatly increasing peak electricity demand [2]. In the
context of Japan, peak electricity demand periods (typically during daytime in summer)
are infrequent and constitute 10 to 15% of the total generation costs, even though much of
the installed capacity to meet them is under-utilized throughout the year [3]. Peak demand
often stresses the power network, reducing its reliability, and relies predominantly on
peak power plants that exacerbate greenhouse gas (GHG) emissions. Moreover, electricity
costs increased substantially following the introduction of additional fossil fuel taxation,
leading to an increase in the percentage of people living beneath the energy poverty line
(defined as households spending more than 10% of their income on electricity) [4]. National
estimates indicate that energy poverty disproportionately affects lower-income households
(particularly those comprised of a single-parent with dependent child and elderly) and at
present over 15% of Japanese households can be characterized as “energy-poor” [4].
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Demand response (DR), which is referred to in literature as a “carbon-neutral” re-
source [5], facilitates the balancing of demand and supply [6] by inducing energy curtail-
ment or consumption through demand shifting [7]. This is typically achieved through
monetary incentives (which take the form of varying tariff pricing or rebates) that mo-
tivate consumers to increase or decrease their demand during predesignated events or
conditions, such as when there is an excess of renewable generation due to favorable
weather conditions. Although DR is not a new concept, it has recently attracted substantial
policy attention, as studies have reinforced the notion that it can play a key role in decar-
bonizing energy systems [8] and minimizing superfluous infrastructure development [9].
More importantly (for the context of the present study), it has been demonstrated that
DR allows consumers to directly reduce their energy related expenditures and environ-
mental footprint, while indirectly improving the cost-effectiveness of renewable energy
sources [10]. This highlights the potential for DR to alleviate some of the financial burdens
that decarbonization and denuclearization initiatives have placed on households.

While the mechanisms underlying DR in Japan have already been widely applied
to large industrial and commercial consumers, residential DR has not yet been fully ex-
plored [11]. Although findings from pilot projects in Yokohama city, Toyota city or Ki-
takyushu city show that some residential users currently engage in some types of DR [12],
it is yet unclear what factors influence their decision to participate in these initiatives [3].
In recent years, a growing body of research has sought to underpin the factors influenc-
ing residential DR. Indeed, a number of determinants have been identified, ranging from
external sources (e.g., financial incentives [13], social norms [14], complexity of DR [15],
weather [16]) to internal motivations (e.g., environmental awareness [17], perceived re-
sponsibility [18], tendency to procrastinate [19], price unresponsiveness [20]). However, as
some studies highlight, the factors that drive users towards the adoption of specific DR
programs have been fairly inconsistent as they vary substantially amongst studies, and even
amongst different users in them [21,22]. Additionally, to date, studies examining residential
DR have focused predominantly on the influence of the socio-demographic or financial
profile of households on the adoption of (mainly) price-based DR programs, such as Time
of Use [23,24]. As such, the aim of this study is to provide an insight into the factors that
can drive residential electricity consumers towards both price and incentive based DR, a
topic that has remained largely unexplored in the Japanese context [24]. Furthermore, this
study also aims at identifying a set of unique factors that may increase the adoption of
residential DR, focusing particularly but not exclusively on the philanthropic inclinations of
individuals and their interest in receiving additional information in their in-home display.
Primary data were collected through the distribution of a self-administered questionnaire
and were later supplemented by key informant interviews to triangulate the findings and
explore further nuances. Yokohama City was chosen as a case study as it constitutes the
biggest smart grid project in Japan. Thus, the contributions of this research to the literature
can be summarized as follows.

Firstly, the interpersonal, environmental, and socio-economic factors that drive the
willingness of residential consumers to adopt DR programs (i.e., Time of Use, Real Time
Pricing, Critical Peak Pricing, and Direct Load Control with and without financial incentive)
are explored. Unlike previous studies that examined DR as a general concept (or only
looked at prevalent programs such as Time of Use) [23,24], the present work will inspect
the influence of such factors on each individual program, both price and incentive based.
Therefore, this approach can potentially bridge the gap between the theoretical and the
realizable levels of DR implementation [25], by scrutinizing the willingness of households
to adopt specific DR programs.

Secondly, this research examines the feasibility of a new peer-to-peer philanthropy-
based energy trading platform that was conceptualized by Iliopoulos et al. [26] which
facilitates the coordination of electricity trading between consumers with different incomes.
Scrutinizing the feasibility of this platform is important, as it can alleviate energy poverty
in Japan and enhance the penetration of residential DR, especially amongst households
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that are not interested in financial incentives. To the authors’ knowledge, this study is the
first to test the addition of philanthropical elements to DR schemes in Japan.

Thirdly, this research examines the willingness of households to receive electricity and
non-electricity related information directly to their in-home display (IHD), a communica-
tion platform that facilitates the operation of DR programs. To the authors’ knowledge, no
study has focused on evaluating the extent to which Japanese households are interested in
receiving non-electricity related information (e.g., disaster warnings) on their IHDs.

The remainder of the paper is structured as follows. Section 2 introduces the socio-
economic and environmental determinants of residential DR as well as the auxiliary infor-
mation provided in IHDs. Section 3 describes the principles of operation of the philanthropy-
based DR and the structure of the questionnaire survey examined in this study. Section 4
provides the findings of the questionnaire survey. Section 5 discusses the results, including
what was found through the key informant interviews, and Section 6 concludes and presents
the lessons learned.

2. Residential Demand Response
2.1. Contextual Background of Socio-Economic and Environmental Determinants of
Residential DR

Traditionally, residential DR programs operate on a voluntary basis and are not en-
forced on users through government regulations. As such, analysts often construct consumer
engagement models that attempt to predict the extent to which households will respond to
price signals [27] or other stimuli that facilitate their acceptance of and engagement with
DR. However, although it is often the case that consumer participation in such initiatives
does not follow the expectations or predictive models of analysts [28], a consensus has been
reached around four major determinants of involvement.

Firstly, studies indicate that the socio-demographic characteristics of the occupants of
a house (e.g., gender, age, educational background) can be considered as useful indicators
for predicting their participation in DR programs, with some studies highlighting income
as the most influential factor [29,30]. However, other studies maintain that the evidence for
this is inconsistent and that investigating “socio-technical” groups (i.e., households with
more “smart” appliances) might provide better results [31].

Secondly, findings from previous studies show that interpersonal factors can sub-
stantially influence the interest and overall engagement of individuals in DR [32,33].
Interpersonal factors reflect the normative social influence that external agents (e.g., elec-
tricity providers) exert on individuals by setting what is normal and/or desirable (through
explicit/implicit rules, guidelines, etc.) [34]. For instance, the reputation of electricity
providers as transparent [35,36] and socio-environmentally proactive entities [37] has been
highlighted as influential on how they may shape the degree to which households are
interested in engaging in DR programs [38].

Thirdly, intrapersonal characteristics have also been highlighted as having a con-
siderable impact on the engagement of users with DR [39]. In the context of electricity
consumption/conservation, these characteristics relate to the values, attitudes, and beliefs
of an individual [40]. For instance, these can reflect the sense of comfort, environmental
attitudes and concerns of users [41,42] (even though the environmental benefits derived
from DR may not be obvious to consumers [43]). Moreover, empirical evidence indicates
that feelings of comfort can specifically alter demand patterns [44], whereas the notion that
DR compromises the users’ daily routine(s) may act as a deterrence to their participation
in energy conservation initiatives [45]. However, it should be noted that there is mixed
evidence on how such factors influence the participation of consumers in incentive-based
DR programs [46].

Fourthly, persuasive strategies and knowledge transferring have all been highlighted
as important tools that shape consumers engagement with DR [47]. For instance, the provi-
sion of information regarding the amount of electricity households have conserved through
DR, or how their actions compare with those of their neighbors, have been demonstrated
to increase enthusiasm and participation in DR [48]. However, some authors maintain
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that it is imperative to disseminate such information in a simple form, as otherwise such
strategies may backfire and ultimately increase the perceived complexity of DR [37].

2.2. Auxiliary Information Provided on In-Home Displays

Advanced metering infrastructure and IHDs emerged to facilitate the interaction be-
tween households and their electricity suppliers and to generally encourage consumers to
be more mindful of their electricity consumption patterns. Indeed, it has been demonstrated
that IHDs can enhance the socio-environmental awareness of users [49] and help them
make sense of the processes underlying demand side management [50]. In a similar manner,
some studies maintain that the provision of feedback through IHDs could reduce residential
peak demand [51], though others reported that only normative feedback would be capable
of doing so reliably [52]. On the opposite side of the spectrum, some have highlighted
that the effect of feedback on domestic reduction in energy use ranged from nil to sub-
stantial [53] especially in the case of digital feedback [54]. In addition, previous studies
also noted that over time, consumers gradually pay less attention to their consumption
patterns [55]. Consequently, a part of the energy savings achieved through DR might later
be offset by a subsequent increase in energy consumption, a phenomenon known as re-
bound effect [56,57]. Given that communicating electricity prices and other information
is an essential feature of IHDs, the third section of this study aims to identify additional
types of information that can keep users engaged for longer periods of time and increase
their awareness of the importance of DR. Moreover, IHDs were designed to only provide
end-users with information pertaining to the energy consumption of their own household
(e.g., daily consumption data). Alternatively, they could also enable individuals to remotely
control their appliances (e.g., dimming lights) [58]. Though these can help consumers un-
derstand their current levels of energy consumption, providing information that could
increase their sense of control or safety [59] could also be of great importance. For instance,
progressive urbanization in Japan [60] has exacerbated the potential consequences of natural
hazards [61]. The consequences of such events are considered preventable [62] and could be
mitigated through the enhancement and better dissemination of emergency preparedness
strategies [63]. Given that certain individuals might not have the means to seek information
pertaining to emergency management (e.g., the location of an evacuation shelter) [64], this
paper also examines the extent to which Japanese households are interested in obtaining
such information from their IHD, and if this would influence their decision to adopt DR.

3. Research Design

The methodological approach taken to conduct this study was divided into three
phases (see Figure 1). The first phase reflects the development of a philanthropy-based DR
wherein each DR participant is assigned a corresponding energy class (see Section 3.1). The
second phase examines the influence of four types of constructs on the willingness of house-
holds to participate in both traditional and proposed DR programs (see Section 3.2). Lastly,
the findings acquired in phase two are consolidated through key informant interviews (see
Section 3.3).

3.1. Principles of Operation of the Philanthropy-Based DR

One of the aims of the study, is to examine the interest of households in potentially
participating in two altruistic, incentive-based philanthropic DR programs. These programs
have the potential to reduce upstream electricity generation and increase the efficiency of
the power network. At the same time, they could also reduce the GHG emissions associated
with electricity supply and assist energy poor households to meet their electricity needs.
Programs that allow the free flow of electricity between consumers are categorized as
peer-to-peer energy platforms and, although many such programs have been proposed in
the past, they have so far focused their attention exclusively on prosumers (i.e., electricity
consumers that own distributed energy resources [39,65]). Existing peer-to-peer platforms
can increase the adoption of DR amongst households and minimize the costs related to
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power losses and battery depreciation by facilitating the integration of microgrids. This
is generally achieved by empowering consumers, though the general efficacy of such
programs is limited by their profitability-centric orientation. In essence, existing peer-to-
peer energy platforms are contingent on the non-optimal satisficing behavior of users (e.g.,
some users settle for the electricity price they have become accustomed to because it is
“good enough”) [28]. In light of these limitations, the proposed programs could potentially
motivate households to participate in DR as a mean of assisting others.
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The proposed peer-to-peer energy platforms could be based on a set of automated
customer-based trading coalitions that facilitate the synchronous analysis of user settings
and preferences derived from a household’s IHD. To better understand and regulate the
heterogeneous preferences of its participants, an energy class could be assigned to each
household based on its particular characteristics and interests (see Figure 2). These energy
classes could be divided as follows:
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The first class would be comprised of the benefactors, which are residential electricity
consumers who participate in at least one price or incentive-based DR program (e.g., Direct
Load Control). Such households would be given the option to accumulate their monetary
reward(s) as credits that can eventually be exchanged fully or partially for personal or
altruistic purposes (i.e., for reducing a portion of their own electricity bill or of that of
low-income households).
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The second class would include households that desire the highest monetary return
for their participation in DR programs and, as such, would choose to opt out of this
regime. Though they would have no role in this scheme, they could at any point choose to
become benefactors.

The third class would be comprised of the beneficiaries and is the only group that
should undergo a thorough scrutiny and vetting prior to being allowed to join the scheme.
The relevant authority should set the prerequisites and relevant parameters for defining
which households are categorized as energy poor by examining the demographic charac-
teristics of potential participants and prioritizing those most in need of assistance. It is also
important to note that, in the context of this study, energy poverty is considered a distinct
problem from income poverty [66], and is instead associated with fuel poverty (which
describes the inability of households to meet their essential needs [67], particularly those
related to in-door heating/cooling). Mother–child households, for instance, are an excellent
example of potential Japanese beneficiaries, as in 2013 over 25% of such households were
considered vulnerable to energy poverty [4].

3.2. Questionnaire Survey Structure & Case Study

The target population of the questionnaire survey was determined to be urban resi-
dents living in detached houses in central Yokohama city and, based on publicly available
figures, there were 599,901 private dwellings in the city that fit this description [68]. To en-
sure that the questionnaire captured the voices of individuals with heterogenous traits, the
authors divided the wards of Yokohama according to the average demographic charac-
teristics of their residents. The questionnaire was then distributed evenly in 9 out of the
18 wards, in households that were proportionally stratified in a geographical manner (see
Figure 3). The questionnaire was written in Japanese and was delivered to the mailbox
of each detached house, accompanied by a return envelope with a pre-paid stamp so
that participants could return the questionnaire. The survey was conducted between 25
January and 31 March, 2020, and the response rate was 9.1%, or 91 questionnaires out of
the 1000 that were initially delivered. The low response rate could perhaps be attributed
to concerns pertaining to COVID-19, particularly since Japan’s first confirmed case was
identified in close proximity to the targeted area a few days prior to the commencement of
the project [69]. Nevertheless, the sample size acquired provides a confidence interval of
95% and a sampling error of 10.3%, which is deemed acceptable for the indicative nature of
this study [70].
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In the questionnaire, the respondents were invited to indicate the extent to which
they were satisfied or interested in a particular construct [71]. A 10-point Likert scale was
utilized as opposed to the commonly used 5-points scale, as increasing the number of
points brings the quantification closer to an interval-scale continuous measurement [72,73].
Though there is significant debate about this in literature, the authors support the notion
that, from a theoretical standpoint, a higher number of points allows the transmittance of a
wider range of information, which in turn translates into the acquisition of more accurate
and precise results [74].

Overall, the questionnaire was divided into 5 sections and utilized a hypothesis testing
method to scrutinize the association between household willingness to adopt DR and five
types of constructs (i.e., the constructs presented in Sections 2.1, 2.2 and 3.1). The first two
parts profiled respondents based on their demographic (including age, gender, and income),
interpersonal and intrapersonal characteristics (i.e., opinion on the socio/environmental
reputation of their energy provider, the extent of their environmental awareness and prefer-
ences and behavior as electricity consumers). The third part focused on understanding their
perceived willingness to adopt price and incentive-based DR programs, focusing explicitly
on time of use (TOU), real time pricing (RTP), critical peak pricing (CPP), direct load control
with and without financial incentive (DLC+ and DLC, respectively), and finally on a phil-
anthropic program with and without financial incentives (PP+ and PP, respectively). The
financial incentives could potentially take the form of additional monetary benefits such tax
deductions (calculated proportionally to the amount of electricity they had curtailed and/or
donated during a set period). The fourth part was comprised of several constructs that
assessed the factors that influence the decisions of consumers to participate in DR, including
both traditional and philanthropy-based DR programs. Finally, the fifth part focused on
highlighting some additional information that could be added to the in-home display units
installed in each household. The questions included in this questionnaire are provided in
Table A1 in the Appendix A.

3.3. Key Informant Interviews

Considering the small sample size acquired in this study, an expert elicitation method-
ology was also conducted to further clarify the findings identified through the household
questionnaire survey. This methodology employed an iterative qualitative design based
on Grounded Delphi Method (GDM) which combines the theoretical principles of Delphi
Method and Grounded Theory [75]. An overview of this methodological framework is
provided in Figure 4 below.
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The first phase of the GDM consisted of the identification and selection of qualified
smart grid/DR experts. Initially, 60 experts working in the Kanto region spanning three
sectors (academia, industry, government) were identified through a literature review. From
these potential candidates, eight experts agreed to be interviewed (four academics, one
government official, and three utility operators). The second phase involved a brainstorm-
ing process where the constructs presented in the household survey were categorized into
a consolidated list of semi-structured interview questions. In the third phase, primary data
were collected through digital interviews that took place between 6 April and 15 June, 2020.
During these interviews, the participants were invited to share their perspective on the
factors that influence households in Yokohama City to adopt DR. A sample of the questions
that were used in these interviews (i.e., those formed in phase 2) is provided in Table A2 in
the Appendix B. The fourth phase involved the content analysis of the responses derived
from the previous phase. First, each interview transcript was separated into numerous
individual remarks. Then, these remarks were grouped together into beliefs and similar
utterances. Lastly, the grouped remarks were narrowed down into a series of idiosyn-
cratic groups and subcategories. This process of concept discovery and prioritization was
repeated six times until the newly built interlinked categories were clearly discernible.
Data saturation was achieved on the eighth interview with the stopping criterion set at
three consecutive interviews, as suggested by previous studies [76]. By following this
method, the authors can confidently conclude that an appropriate sample size had been
attained [76,77]

4. Results
4.1. General Household Characteristics

The sample acquired represented predominantly individuals that were 55 years old
or older (67.4%), most of which were men (63.3%) (see Table 1). This would be considered
typical of an aging population such as that of Japan, where the younger segment would
tend to live in cheaper apartments (as opposed to detached houses). In terms of their
educational background, though some had only attained a high school diploma or a
professional certification (14.4% and 16.6%, respectively), the majority had acquired a
bachelor’s degree (55.6%). Respondents were largely divided into two groups, those
who were employed full time (44.9%) and those who had already retired (22.5%). The
households surveyed were occupied predominantly by more than two people (45.1%),
had an average annual income of between 9.000$ and 44.999$ (34.1%) or more (65.9%), and
mentioned that the house in question was owned by its residents (87.9%). The majority
lived in a house that is larger than 90 m2 (74.2%) and most did not have an IHD installed
in their home (81.3%). Regarding their appliances, most houses did not own any “smart”
devices (89.0%) that were capable of being connected to something else and/or the internet.
The vast majority did not utilize an electric vehicle (73.6%) or have any photovoltaic
systems (96.7%).

Table 1. Basic information describing the survey respondents.

Contents Items
Survey Results

N Proportion

Respondent’s Demographic Information

Age

18–34 years old 5 5.6%
35–54 years old 24 27%
55–64 years old 24 27%

65 or more 36 40.4%

Gender
Male 57 63.3%

Female 33 36.7%
Other - -
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Table 1. Cont.

Contents Items
Survey Results

N Proportion

Education

Less than high school 1 1.1%
High school 13 14.4%

Professional certification 15 16.6%
Bachelor’s degree 50 55.6%
Master’s degree 5 5.6%
Doctorate degree 6 6.7%

Work status

Employed full-time 40 44.9%
Employed part-time 8 9.0%

Not currently employed 8 9.0%
Retired 20 22.5%

Homemaking 10 11.2%
Student - -
Other 3 3.4%

Members per household

1 13 14.3%
2 36 39.6%
3 19 20.9%
4 20 22.0%

5 or more 2 2.2%

Average annual
household income
(USD equivalent)

Less than $8999 − −
$9000–$44,999 28 34.1%

$45,000–$89,999 25 30.5%
$90,000–$137,000 18 22%
$138,000 or more 11 13.4%

Resident status
Own 80 87.9%
Rent 11 12.1%

Respondent’s Household Information

Household size (sq. m.)

Less than 19 m2 − −
20–29 m2 1 1.1%
30–49 m2 3 3.4%
50–69 m2 13 14.6%
70–89 m2 6 6.7%

90–109 m2 25 28.1%
110–129 m2 15 16.9%
130–149 m2 14 15.7%

150 m2 or more 12 13.5%

Type of in-home
display (IHD)

None 74 81.3%
Manual IHD 13 14.3%

Programmable IHD 1 1.1%
IHD with WIFI 2 2.2%

Smart IHD (capable of “learning”
a household’s preferences) 1 1.1%

Smart appliance(s)
None 81 89.0%
One 10 11.0%

Two or more − −

Electric vehicle(s)
None 67 73.6%
One 15 16.5%

Two or more 9 9.9%

Photovoltaic systems No 88 96.7%
Yes 3 3.3%
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4.2. Descriptive Analysis

Table 2 shows the mean and standard deviation of the responses regarding the rep-
utation of the electricity providers and the intrapersonal preferences and concerns of the
questionnaire respondents. Overall, the results indicate that the reputation of the electricity
providers is slightly below average in all categories (i.e., credibility and socioenvironmental
proactiveness). Though this does not significantly impact the degree to which customers
are dissatisfied with their services (4.87), many noted that they would prefer their energy
provider to act in a more environmentally sustainable manner (8.01). The findings also
indicate that participants would be willing to sacrifice some degree of comfort over the
potential of saving money on electricity (“Comfort is very important to me—even if it means
spending more money on electricity”, 3.42), and they generally follow the belief that conser-
vation of electricity at the household level could help combat climate change (“Conserving
electricity at home cannot alleviate climate change/environmental degradation”, 3.73).

Table 2. Overview of consumers opinion on the socio/environmental reputation of their energy provider, and their
intrapersonal preferences as energy consumers.

Contents N Mean Std. Deviation

Opinion on Electricity Provider

Electricity provider is a credible source of information 84 4.15 2.35
Electricity provider is actively promoting programs to help its customers save money 85 4.18 2.52

Electricity provider is operating in an environmentally responsible manner 84 4.27 2.52
I am overall satisfied with my electricity provider 87 4.87 1.97

Intrapersonal information

I believe that my electricity provider should be actively engaged in environmentally
sustainable activities (e.g., through investments in renewables) 86 8.01 2.43

I believe that my electricity provider should be actively engaged in socially responsible
activities (e.g., through philanthropic-oriented contributions) 86 6.10 2.70

Comfort is very important to me-even if it means spending more money on electricity 85 3.42 2.02
There isn’t much I can do to save money on electricity 85 3.92 2.11

I am generally concerned about the environment 86 8.96 1.90
Conserving electricity at home cannot alleviate climate change/environmental degradation 83 3.73 2.00

I am an early adopter of new home technologies 84 3.46 2.01

Note: A 10 point-Likert scale was used for identifying whether this study’s respondents disagreed (0-point) or agreed (10-point) with the
above statements.

Table 3 presents the willingness of participants to adopt the seven DR programs ex-
amined in this study, as well as the extent to which certain factors influence their rate of
adoption. Given that most participants had no prior knowledge of what DR programs are,
what benefits they provide and how they work in practice, a brief introduction about each
program was provided in the questionnaire. The introduction contained information per-
taining to a) the operational structure of each program (e.g., DLC allows power companies
to cycle their customers’ electrical appliances on and off during peak periods) and b) the
socio-environmental benefits underlying their adoption [78,79].

Amongst the 7 programs that were scrutinized, the participants positively leaned
towards the adoption of DLC+ (7.12), PP+ (6.62) and TOU (6.57), while maintaining a neu-
tral stance towards the rest of the programs. With respect to contemporary DR programs,
the participants highlighted that they do not generally mind having their daily electricity
consumption pattern altered (“We want to be left alone to use electricity when/how we
want” statement obtained a low support, 3.18) and were generally undecided on whether
they can truly save money through such initiatives (5.36). However, the idea of allowing
their electricity provider to remotely control their devices (“We do not like the idea of the
utility “talking” to/controlling our smart devices” was highly supported, 6.39), and their
perceived notion that such programs are based on ulterior motives (6.66), could constitute
barriers which negatively influence the rate to which they are willing to accept them. With
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respect to the philanthropically oriented DR programs, the findings show that although
some participants believe that such schemes could help poverty-stricken households (5.71),
their implementation could be hampered by parties looking to profiteer from their status
as benefactors (6.20) or beneficiaries (7.23). Further, the respondents were asked to eval-
uate the extent to which they would be interested in having new information integrated
into their (hypothetical) IHDs. The majority expressed interest for information that could
enhance their emergency preparedness such as emergency audiovisual signals (8.25) or
additional information regarding a recently experienced or expected natural hazard (7.50).
Additionally, they expressed interest in receiving information regarding the amount of
electricity/money they have saved through DR programs (7.17), and the primary energy
sources which were used to generate their electricity (6.83).

Table 3. Descriptive analysis of the 27 variables examined in this study.

Contents N Mean Std. Deviation

Variables pertaining to DR programs

Contemporary DR programs

Time of use (TOU) 88 6.57 2.98
Real time pricing (RTP) 89 6.31 2.87

Critical peak pricing (CPP) 90 5.32 3.06
Direct load control (DLC) 90 5.38 3.11

Direct load control with an annual financial incentive (DLC+) 90 7.12 2.77

Proposed philanthropical demand response program

Philanthropic program (PP) 90 5.48 2.91
Philanthropic program with a financial incentive (PP+) 90 6.62 2.87

Variables with potential influence on the DR programs examined

Contemporary DR programs

We do not want to worry about electricity price fluctuating
throughout the day 85 4.37 2.70

We think these programs would cause us a lot of trouble and
offer little benefits 86 5.40 2.83

We think that these programs’ true goal is not to help us
save money 86 6.66 2.65

We want to be left alone to use electricity when/how
we want 85 3.18 1.91

We are concerned that we would not be able to conserve
electricity during “peak” hours 83 5.28 2.89

We think these programs are straightforward and easy
to follow 84 4.66 2.44

We do not know how to reduce electricity during
“peak” hours 86 5.56 2.57

We think we can save money with these type of programs 84 5.36 2.47
We do not like the idea of the utility “talking” to/controlling

our smart devices 84 6.39 2.67

Proposed philanthropical DR programs

We think these programs would cause us a lot of trouble but
offer little benefits 85 5.27 2.41

We think these programs can truly help
poverty-stricken households 85 5.71 2.57

We think that the electric utility will not use the money
as promised 84 6.20 2.70

We believe that some people will be able to take advantage
of this program for their own benefit 86 7.23 2.27

We want the utility operators/government to participate in
such programs as well (e.g., by matching the credits donated

to poverty-stricken households)
83 6.24 2.54
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Table 3. Cont.

Contents N Mean Std. Deviation

Interest to receive additional information on the IHD unit

Information regarding the average household electricity
consumption of their community 83 5.32 2.81

Information regarding the sources where electricity
comes from 83 6.83 2.62

Interpretive information about how much electricity I have
conserved through DR programs 85 7.17 2.74

Interpretive information about how much electricity I have
helped other households consume through PP and PP+ 83 5.59 2.92

Information regarding an expected or recently experienced
natural disaster in the area 83 7.50 2.63

Emergency audiovisual signal/alarm in case of an occurring
natural disaster (e.g., earthquake) 84 8.25 2.24

Note: Likert-scale ranged from not at all interested (0-point) to extremely interested (10-point) for examining
respondents’ interest in DR whereas for the potential factors influencing DR it ranged from extremely disagree
(0-point) to extremely agree (10-point).

4.3. Correlation Analysis

A bivariate correlation analysis was performed (see Table 4) to better understand the
underlying relationship between the participants’ willingness to adopt DR programs and
all other variables presented earlier. Firstly, the demographic information (e.g., gender, ed-
ucation), and household characteristics (e.g., home size) of the participants were examined.
Household income and ownership of electric vehicles displayed statistically significant
results with PP and CPP. These associations show that households with lower income lean
towards the acceptance of philanthropy-based DR more than higher income households,
and that ownership of electric vehicles drives people away from CPP, comparatively to
those that own no such vehicles.

Table 4. Correlation coefficients amongst variables.

Contents TOU RTP CPP DLC DLC+ PP PP+

Household characteristics

Income − − − − − −0.239 * −
Ownership of electric vehicle(s) − − −0.274 * − − − −

Intrapersonal information

Comfort is very important to me-even if it means
spending more money on electricity − − − 0.298 * 0.315 * − −

Conserving electricity at home cannot alleviate
climate change/environmental degradation − − − − − −0.234 * −

I believe that my electricity provider should be
actively engaged in environmentally sustainable

activities (e.g., through investment in renewables)
− − − − − 0.355 ** 0.316 *

I believe that my electricity provider should be
actively engaged in socially responsible activities

(e.g., through philanthropic-oriented contributions)
− − − − − 0.556 ** −

Variables for traditional DR programs

We do not want to worry about electricity price
fluctuating throughout the day − − −0.257 * 0.260 * − N/A N/A

We think these programs would cause us a lot of
trouble and offer little benefits −0.219 * −0.326 * −0.320 * −0.301 * − N/A N/A

We want to be left alone to use electricity when/how
we want −0.285 * −0.229 * −0.280 * − −0.350 ** N/A N/A

We think these programs are straight forward and
easy to follow − − 0.312 * 0.343 ** N/A N/A

We think we can save money with these type
of programs − − 0.475 ** 0.343 ** 0.323 * N/A N/A

We do not like the idea of the utility “talking”
to/controlling our smart devices − − − −0.436 ** −0.336 * N/A N/A
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Table 4. Cont.

Contents TOU RTP CPP DLC DLC+ PP PP+

Variables for proposed DR programs

We think these programs would cause us a lot of
trouble but offer little personal benefits N/A N/A N/A N/A N/A −0.436 ** −0.367 **

We think these programs can truly help
poverty-stricken households N/A N/A N/A N/A N/A 0.573 ** 0.563 **

We think that the electric utility will not use the
money as promised N/A N/A N/A N/A N/A −0.305 *

We want the utility operators/government to
participate in such programs as well (e.g., by

partially matching the credits donated to
poverty-stricken households)

N/A N/A N/A N/A N/A 0.502 ** 0.503 **

Variables for IHD information

Information regarding the average household
electricity consumption of their community − − 0.233 * 0.297 * − − −

Information regarding the sources where electricity
comes from − − 0.256 * 0.240 * − − 0.318 **

Interpretive information about how much electricity
I have conserved through DR programs − − 0.228 * 0.218* 0.270* − −

Interpretive information about how much electricity
I have helped other households consume through PP

and PP+
N/A N/A N/A N/A N/A 0.405 ** 0.486 **

Information regarding expected or recently
experienced natural disaster in the area − − − 0.391 ** 0.315 * − 0.328 *

Emergency audiovisual signal/alarm in case of an
occurring natural disaster (e.g., earthquake) − − − − − − 0.358 **

Note 1: Time of use (TOU), real time pricing (RTP), critical peak pricing (CPP), direct load control (DLC), direct load control with annual
financial incentive (DLC+), philanthropic program (PP), philanthropic program with financial incentive (PP+). Note 2: One asterisk (*)
symbolizes a statistically significant relationship at p < 0.05 while two asterisks (**) symbolize a statistically significant relationship at p < 0.01.

The next variables scrutinized were the intrapersonal characteristics (e.g., environ-
mental awareness) of the respondents and their perception of the reputation of their utility
operators. The findings show that those that prioritize indoor comfort have a higher DLC
and DLC+ score than those that rank interior comfort as less important. Households that
maintain that climate change can be partially alleviated through individual action display
a higher PP score than those that think otherwise. Although the reputation of the utility
operators did not display any statistically significant associations, households that wanted
their utility operators to act in a more environmentally and philanthropically sustainable
manner did display a strong correlation with PP, PP+.

Further, the variables associated with traditional DR programs are analyzed. Concerns
regarding the fluctuating prices of electricity throughout a given day were negatively
correlated with CPP and positively correlated with DLC. The notion that DR programs
do not offer substantial benefits to counterbalance the effort needed to participate in such
schemes was negatively associated with TOU, RTP, CPP, and DLC. In a similar manner, a
negative, statistically significant association was found between those that do not want
to be told when to use electricity, and TOU, RTP, CPP, and DLC+. A negative statistical
correlation was also identified amongst households that perceived the automatic element
of DLC programs as intrusive to their daily habits and DLC and DLC. On the opposite
side of the spectrum, households that understand the benefits of DR and believe that they
are generally easy to follow, had a more positive image of CPP and DLC as compared to
those that did not. Similarly, a statistically significant relationship was identified between
households that believe that can save money through DR, and CPP, DLC and DLC+.

With respect to the variables that influence the DR programs proposed in this study, a
negative, statistically significant association was identified between households that sup-
port the notion that DR is “too troublesome”, and PP and PP+. Concerns regarding whether
the money allocated from the benefactors would truly be directed towards the intended
beneficiaries also negatively affected people’s opinion of PP. Conversely, households were
more likely to support PP and PP+ if they supported the idea that philanthropy-oriented
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DR can help poverty-stricken households and that the implementation of such programs
would be further facilitated through contributions made by private and/or public actors.

Regarding IHD related information, a correlation was identified between the interest
of households in knowing the average electricity consumption of their community and
CPP and DLC. Interest in knowing which sources were utilized to generate their electricity
was also positively associated with CPP, DLC, and PP. Interpretive information about
how much electricity these households have (theoretically) conserved through DR was
found to have a positive correlation with CPP, DLC, and DLC+. Comparably, interpretative
information about how much electricity they have helped other households consume
through philanthropy-oriented DR positively influenced their opinion of PP and PP+. The
interest in disaster-related information also appears to have a positive correlation with the
DR programs examined in this study. More specifically, a statistically significant correlation
was identified between households’ interest in obtaining information regarding a recently
experienced natural disaster and DLC, DLC+, and PP+. In the same way, interest in having
an emergency signal installed in their (theoretical) IHD was positively correlated with PP+.

4.4. Consolidation of Findings through Key Informant Interviews

To remedy some of the shortcomings associated with the small sample size acquired
in this study, the authors discussed the results with key informants, in the form of semi-
structures interviews. Through a cross-case analysis of the beliefs of the respondents, the
authors were able to reaffirm the notion that the factors that drive Japanese households
towards specific residential DR programs have not received much attention in literature. For
instance, one respondent summarized this research gap as follows “In Japan, the government
is mostly looking at reducing the demand of large industrial or commercial users, because doing
so is easier and more viable than reducing the demand of 10 or 20 million households. So, when
talking about residential energy conservation, most studies look into increasing household energy
efficiency. Limited studies have focused on what influences Japanese households to participate in
DR”. Most of the participants (6 out of 8) agreed that there is an academically vague and
generally unrefined relationship between the demographic characteristics of individuals
and their willingness to adopt DR, particularly in the Japanese context. Amongst all
demographic characteristics, household income was noted as the most influential factor
that could drive households towards DR, perhaps because it denotes the extent to which
a household can reduce its energy expenditures (in proportion to the monthly income of
that household). Further, a consensus was reached amongst participants that the level to
which DR is easy to understand and can help households save money could drive them
towards DR. One participant elaborated on the importance of this by indicating that “The
majority of households in Japan do not understand how DR works and as such they quickly lose
interest after a while. It is important to make DR as simple and easy to use as possible”. When
asked to elaborate on what other factors might influence the decision of households to
participate in DR, the interviewees unanimously underlined that DR being perceived as
“intrusive” could act as a significant barrier. For instance, one respondent summarized the
issue as follows “ . . . residential DR in Japan is still at an exploratory stage, so people are not
very familiar with the concept of demand management nor with the benefits that DR provides. So,
when they are suddenly asked to shift their demand, they feel hesitant, or they do not want to do so,
particularly when the monetary incentives provided are not adequate for their (perceived] loss (of
comfort]”. Lastly, the respondents were also asked to express their opinion on the potential
of the philanthropy-based program proposed in this study and the extra information
provided by IHDs. Several respondents (5 out of 8) maintained that a philanthropy-based
program could indeed help poverty-stricken households meet their needs for electricity,
though they also shared their concerns regarding the political and regulatory feasibility
of these programs. With respect to the information provided on the IHD of households, a
consensus was reached in that emergency related information could serve as an additional
measure to help disaster-preparedness. However, two respondents noted that, although
the penetration of smart meters in Japan has increased significantly in the past couple
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of years, the vast majority of houses still do not own an IHD, so the applicability of this
feature could be limited at present.

5. Discussion
5.1. Socio-Economic Demographics of Users

The majority of the variables associated with the demographic characteristics of
participants, (e.g., age, gender, education, employment status) did not constitute significant
predictors, contradicting the findings of other studies [26,80,81]. The reason for this could
be that there is a lack of personal exposure to and understanding of DR initiatives that
nullify the effect of personal user characteristics regarding their interest to participate in
them. This is also reflected in the respondents’ relatively low affinity with new home
technologies that is, as highlighted in the literature, aggravated by their age group (i.e.,
most of the respondents were 55 years old or older and such individuals are less likely to
adopt innovative technological solutions than younger generations) [82,83]. The findings
also show that households with lower average income are more inclined to altruistically
participate in DR, perhaps due to a higher sense of empathy and understanding of the
difficulties involved in making ends meet. Moreover, previous findings in literature
highlight the importance of household characteristics (e.g., size of the household and type
of thermostat) in the adoption of DR [73–75]. In contrast, the present study showed that
such factors do not appear to influence the interest of Japanese households in DR programs.
Amongst all household characteristics considered, only the ownership of electric vehicles
was found to have a statistically significant relationship with the DR programs examined.
This finding shows that the owners of electric vehicles are less open towards the adoption
of CPP, perhaps due to the notion that this scheme might compromise their current level of
comfort by forcing them to charge their vehicle(s) during off-peak hours. Given that the
demand for electric vehicles is projected to increase at a rapid rate in Japan [79], securing
the support and participation of electric vehicle owners is of great importance.

5.2. Intrapersonal Characteristics of Users

The results support the conclusions of previous studies that environmental awareness
is an influential factor driving residential consumers towards DR [84]. However, in the
present study the socio-environmental inclinations of consumers only influence the DR
programs proposed, namely PP and PP+. More specifically, those that supported the notion
that households can partially alleviate climate change through energy conservation also
showed greater support for PP. Thus, providing potential DR users with interpretative,
yet detailed information of how their decisions (individually or collectively) shape their
community’s environmental footprint could stimulate their interest in extending the current
scope of DR to include philanthropically oriented goals. By extension, this also suggests that
households with altruistic aspirations may be attracted to DR, regardless of the financial
compensations provided. Aside from their inherent concern for the environment, their
interest in seeing their electricity supplier operate in a more environmentally friendly
manner (e.g., through investing in a diversified energy portfolio) was also found to have a
statistically significant relation with both PP and PP+. Similarly, a statistically significant
relationship was identified between their interest in having their electricity supplier operate
in a socially responsible manner (e.g., through the creation of jobs) and PP. These findings
suggest that the role of electricity providers as trustworthy and socio-environmentally
active agents will play an important role in engaging residential electricity consumers in
philanthropy-oriented DR.

5.3. Perceived Levels of User Comfort and Complexity of DR

The results show CPP and DLC schemes are perceived by the respondents as programs
that can potentially assist their efforts to reduce their electricity-related expenditures. With
respect to price-based DR programs such as TOU, RTP, and CPP, the results indicate that
respondents felt uncomfortable with hourly-based DR, perhaps due to having inflexible
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consumption patterns or the lack of knowledge on how to do reduce their consumption
during critical times. CPP was highlighted as particularly difficult to understand, as its
tariff system was perceived as fluctuant and arbitrary. Thus, additional emphasis needs to
be placed on educating households about the underlying structure of fluctuating tariffs of
price-based DR programs and the importance of separating DR into different categories (i.e.,
TOU vs. RTP). Further, the provision of additional information regarding what tangible
benefits these programs provide (to individual electricity consumers and their community
as a whole) could also help to attract the attention of consumers.

With respect to incentive-based DR programs, respondents seemed to appreciate that
DLC allows them to passively participate in DR (i.e., without having to be constantly
paying attention to fluctuating electricity prices). This perhaps also led to the notion that
DLC as a program is straightforward. Nevertheless, this positive aspect is counterbalanced
by the general dismissal of DLC and DLC+ due to concerns pertaining to the need of
households to concede the right to utility operators to remotely control/communicate with
their appliances. Other studies have found similar attitudes, and it has been suggested
that consumers might fear that data sharing, which is an inherent feature of DLC schemes,
could result in misuse or profiteering [85]. Others maintained that the negative stance
against DLC programs could be linked to perceptions that some peak hour activities,
particularly those that occur in a rhythmic manner, are non-negotiable (e.g., family dinners
accompanied by the use of TV) [86,87]. From this perspective, DLC is perceived as an
“intrusive” program that could cause inconvenience. Thus, additional emphasis needs to
be placed by policy makers in promoting these incentive-based programs as flexible and
trustworthy, working for and not against residential consumers.

5.4. Philanthropical Inclinations

The respondents supported the notion that the implementation of a philanthropy-
based DR program can assist households that live in energy poverty. Therefore, the authors
maintain that the proposed philanthropy-based DR can potentially increase energy cur-
tailment and shifting amongst households with a high prosocial responsibility. Moreover,
while the reputation of the electricity provider was deemed as an influential factor that
can potentially drive households towards PP and PP+, concerns regarding the potential
misuse of such programs by its beneficiaries can potentially act as inhibiting factors that
prevent their adoption. These concerns highlight the need to establish a rigorous regime
to evaluate the economic status of the potential beneficiaries of the programs prior to the
commencement of this type of DR.

5.5. Information Provided in IHDs

The results show that respondents are predominantly interested in knowing about
how much electricity they have conserved through DR and the sources that were utilized
to generate their electricity. As such, the aforementioned information, together with the
provision of the average electricity consumption of other households in their community,
could be used to instigate an environmentally proactive consumer behavior, particularly
through CPP and DLC. Those interested in PP and PP+ were also keen in measuring the
outcome of their actions by examining how many households (and to what extent) they
have helped through PP and PP+ schemes. Lastly, the integration of disaster preparedness
warnings and information into IHDs was found to be generally agreeable by most of the
respondents and had a noticeable effect in stimulating their interest in programs such as
DLC and DLC+. Thus, such information have the potential to increase the adoption of DR
by enhancing the value proposition of IHDs.

6. Conclusions

Price and incentive-based DR programs have the theoretical potential to shave peak
demand by increasing the demand flexibility of the residential sector. However, achieving
such targets is contingent on behavioral interventions and consumer engagement measures
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that drive household energy conservation forward and bridge the efficiency gap between
the theoretical and realizable levels of DR. Thus, consumer behavior is a vital component
that needs to be better understood to advance towards the establishment of a sustainable
energy society.

To that end, the present study conducted a household questionnaire survey and
key informant interviews to scrutinize the willingness of households to adopt price and
incentive-based DR as well as the factors that could potentially increase their participation
in such initiatives (see Table 5). Overall, the finding indicate that respondents were mostly
interested in adopting DLC+, PP+ and TOU. The demographic characteristics of individuals
(e.g., age, gender) as well their household characteristics (e.g., house size) did not appear
to influence their willingness to adopt traditional DR, a finding that aligns well with the
conclusions of previous studies conducted in Japan [11]. Further, the analysis showed that
the ownership of electric vehicles negatively influences the decision of households to adopt
CPP. Similarly, fluctuating prices, and the notion that DR is intrusive and does not provide
adequate benefits could negatively influence the adoption of all traditional DR programs.
In contrast, the findings indicated that the notion that DR programs are easy to use and
help people save money could potentially increase the willingness of individuals to adopt
CPP, DLC, and DLC+.

Table 5. Factors that could potentially influence the adoption of specific residential DR programs.

Factors

DR Programs

Traditional Proposed

TOU RTP CPP DLC DLC+ PP PP+

Household income −
Ownership of electric vehicles −

Comfort prioritization +
Fluctuating electricity prices − −

Inadequate benefits − − − − − −
DR is easy to use + +

DR could help us save money + + +
Philanthropic inclinations + +

Prioritized household interest in DR 3 4 7 6 1 5 2

Note 1: The sign (+) indicates a positive influence whereas the sign (−) indicates a negative influence.

This body of work also introduced two new concepts to the field of demand side
management. These include two philanthropy-based DR programs and the integration
of additional information in the IHD of households. With respect to the adoption of
philanthropy-based DR, the reputation of the utility operator, the notion that these pro-
grams could indeed help poverty-stricken households reduce their expenditures and the
potential of other entities (e.g., government) contributing to this cause were all highlighted
as positive contributors. In contrast, household income, the notion that these programs
do not provide adequate personal benefits and concerns pertaining to the financial trans-
parency of these programs were highlighted as factors that could negatively influence the
adoption of PP and PP+. With respect to the provision of information on the IHD of house-
holds, the results show that most people are interested in knowing how much electricity
they have conserved through DR and emergency-preparedness related information.

The findings of this study provide further evidence on which factors can drive en-
ergy conservation in households and can potentially contribute toward the cost-efficient
implementation of DR in Japan. More specifically, the results reinforce findings by other
authors that suggest that the demographic, interpersonal, and intrapersonal character-
istics of individuals influence their willingness to participate in DR. Nevertheless, it is
important to keep in mind that these factors have been known to have an inconsistent
effect on individuals, particularly when applied to a different socio-cultural context [88].
Thus, moving forward, policy makers are advised to undertake a systematic analysis of



Energies 2021, 14, 2795 18 of 23

the target population of a potential smart grid initiative to tailor promotional strategies
by accounting for the socio-demographic and psychological profiles of households. For
instance, a series of educational schemes could be created to increase the penetration of
residential DR in Kanagawa (particularly amongst owners of electric vehicles). These
initiatives can inform potential users as to how to maximize their potential profit (through
a fluctuating price tariff) and reduce the level of disruption that these programs entail (e.g.,
by reminding them to charge their vehicles only during late-night hours when electricity is
cheaper). Additionally, local electricity suppliers could also use IHDs as communication
tools that facilitate the engagement of users in DR initiatives. For example, with respect
to philanthropy-oriented programs, the provision of information regarding the extent to
which poverty-stricken households are assisted through PP can reinforce the participation
of those interested in these programs. Disaster-preparedness information could also be
integrated in the IHD of households, increasing the willingness of households to adopt DR.

Finally, it is important to note that there are a few limitations associated with this
study. The questionnaire survey acquired a small sample size (n < 100) and scrutinized
the perception of urban residents exclusively. Additionally, due to the explorative nature
of this study, only a descriptive analysis was performed. Thus, the findings may have
limited generalizability, particularly in a rural context. This indicates that there is clearly a
need to conduct more research on this topic. Future research could, for example, expand
the scope of this study by (a) scrutinizing the factors that drive rural households towards
DR, (b) quantifying the extent to which PP and PP+ can alleviate energy poverty and (c)
delineating the exact information an emergency-preparedness IHD message should contain
to increase household disaster resilience.
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Appendix A. Household Questionnaire Survey

Table A1. The (translated) list of questions included in the household questionnaire survey.

Questionnaire Items Available Choices

Demographics & Household Characteristics

Age 18–34 years old 35–54 years old 55–64 years old 65 or more

Gender Male Female Other

Education
Less than high school High school Professional certification Bachelor’s degree
Master’s degree Doctorate degree

Work status
Employed
full-time

Employed
part-time Unemployed Retired

Homemaking Student Other

Members per household 1 2 3 4 5 or more

Average annual household
income (USD equivalent)

Less than $8.999 $9.000–$44.999 $45.000–$89.999 $90.000–$137.000
$138.000 or more

Resident status Own Rent

Household size (sq. m.)
Less than 19 m2 20–29 m2 30–49 m2 50–69 m2 70–89 m2

90–109 m2 110–129 m2 130–149 m2 150 m2 or more

Type of in-home display (IHD) None Manual IHD Programmable
IHD IHD with WIFI

Smart IHD (capable of
“learning” household’s
preferences)

Smart appliance(s) None One Two or more

Electric vehicle(s) None One Two or more

Photovoltaic systems No Yes

Socio/environmental reputation electricity provider, and intrapersonal preferences of users
(the avalailable choices ranged from extremely disagree (0) to extremely agree (10))

Electricity provider is a credible source of information

Electricity provider is actively promoting programs to help its customers save money

Electricity provider is operating in an environmentally responsible manner

I am overall satisfied with my electricity provider

I believe that my electricity provider should be actively engaged in environmentally sustainable activities (e.g., through investments in renewables)

I believe that my electricity provider should be actively engaged in socially responsible activities (e.g., through philanthropic-oriented contributions)

Comfort is very important to me-even if it means spending more money on electricity

There isn’t much I can do to save money on electricity

I am generally concerned about the environment

Conserving electricity at home cannot alleviate climate change/environmental degradation

I am an early adopter of new home technologies

Willingness to adopt specific DR programs
(Following a short description of each program, the available choices ranged from not at all interested (0) to extremely interested (10))

Interest in Time of use (TOU)

Interest in Real time Pricing (RTP)

Interest in Critical Peak Pricing (CPP)

Interest in Direct Load Control (DLC)

Interest in Direct Load Control with an annual financial incentive (DLC+)

Interest in Philanthropic Program (PP)

Interest in Philanthropic Program with a financial incentive (PP+)
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Table A1. Cont.

Questionnaire Items Available Choices

Concerns and/or opinions that users expressed with respect to the traditional DR programs
(The avilable choices ranged from extremely disagree (0) to extremely agree (10))

We do not want to worry about electricity price fluctuating throughout the day

We think these programs would cause us a lot of trouble and offer little benefits

We think that these programs’ true goal is not to help us save money

We want to be left alone to use electricity when/how we want

We are concerned that we would not be able to conserve electricity during “peak” hours

We think these programs are straightforward and easy to follow

We do not know how to reduce electricity during “peak” hours

We think we can save money with these type of programs

We do not like the idea of the utility “talking” to/controlling our smart devices

Concerns and/or opinions that users expressed with respect to the proposed DR programs
(The avilable choices ranged from extremely disagree (0) to extremely agree (10))

We think these programs would cause us a lot of trouble but offer little benefits

We think these programs can truly help poverty-stricken households

We think that the electric utility will not use the money as promised

We believe that some people will be able to take advantage of this program for their own benefit

We want the utility operators/government to participate in such programs as well (e.g., by matching the credits donated to poverty-stricken households)

Interest in the provision of additional IHD information
(The avilable choices ranged from not at all interested (0) to extremely interested (10))

Information regarding the average household electricity consumption of their community

Information regarding the sources where electricity comes from

Interpretive information about how much electricity I have conserved through DR programs

Interpretive information about how much electricity I have helped other households consume through PP and PP+

Information regarding an expected or recently experienced natural disaster in the area

Emergency audiovisual signal/alarm in case of an occurring natural disaster (e.g., earthquake)

Appendix B. Interview Questions

Table A2. A non-exhaustive sample of the semi-structured interview questions.

Interview Questions

Are household/demographic characteristics influential factors for residential DR?
What is the role of a given electricity provider in the adoption rate of residential DR?
Do households have a good understanding of DR and to what extent are they informed on how to
shift/curtail their load?
Are households receptive to automation?
How easy is it for residential users to save money thorugh DR?
What are some reasons residential users might not want to participate in DR?
What kind of information is available on an average IHD?
Do you think DR can be used to alleviate energy poverty in Japan?
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