Virtual Assistants for Energy Efficiency: Real World Tryouts

Francisco Santos Fialho
Instituto Superior Técnico
Lisbon, Portugal
francisco.santos.fialho@tecnico.ulisboa.pt

Lucas Pereira
Instituto Superior Técnico
Interactive Technologies Institute, LARSyS
Lisbon, Portugal
lucas.pereira@iti.larsys.pt

ABSTRACT

The negative effects of climate change are calling for new ap-
proaches to promote energy efficiency and the use of renewable
energy sources at multiple scale levels. As virtual assistants are
becoming a common household item, recent studies have looked
at integrating IoT and virtual assistants for energy management
purposes. Despite the prominence of these works, a critical gap in
the current body of research is the almost absence of real-world
implementations covering different sectors of society. To address
this gap, we developed the PowerShare Virtual Assistant (VA), a
voice-based eco-feedback system. The paper presents results from
the real-world deployment of the PowerShare VA in three distinct
sectors - 1) residential, 2) commerce, and 3) industry. By looking at
the human response to our system in different daily life scenarios,
we aim to contribute to future research on using VA in the context
of energy efficiency.

CCS CONCEPTS

+ Human-centered computing — HCI design and evaluation meth-
ods; Ubiquitous and mobile devices; Personal digital assistants.
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1 INTRODUCTION

The climate crisis is one of the greatest threats facing humanity.
As the mitigation of climate change has become a global priority,
countries all over the world (including Non-Member States [7])
are implementing regulatory mechanisms to help meet the energy-
saving targets proposed by the EU Energy Efficiency Directive [35].
Reaching these targets requires making significant changes in the
energy market and implementing energy efficiency actions at dif-
ferent scale levels, from buildings (e.g., energy certifications [7]) to
urban scale (e.g., smart cities [30]). In this scenario, recent advances
in energy monitoring and control technologies, combined with the
opportunities offered by the use of Information and Communica-
tions Technologies (ICTs), are paving the way for the development
of new tools and solutions to increase energy efficiency, reduce con-
sumption, and even promote the use of renewable energy sources
(RES).

With the evolution of technology in the virtual assistant (VA)
field, many home assistant solutions are being developed to bring
people closer to this new technology, creating products that can
be integrated into their homes. Home assistants have many func-
tionalities that allow users to automate their homes using smart
devices, ultimately helping the user in their daily life. The most
famous home assistants on the market are from the top three tech
companies, Amazon, Google, and Apple. Each has its own virtual
assistant, Alexal, Google Assistant?, and Siri3.

The home assistant market is continuously growing, with an
estimated 123.5 million adult users in the US alone by the end of
20227 [20]. This represents a great opportunity for systems to grow
and extend their functionalities to home assistants. Consequently,
several projects have emerged in multiple areas, particularly in
energy efficiency [17, 18, 36]. Still, despite the prominence of stud-
ies on virtual assistants for energy management, a critical gap in
the current body of research is the absence of real-world imple-
mentations covering different sectors of society since most of the
surveyed works have been developed in residential settings under
controlled or simulated environments [18, 23].

Instead, this paper reports on the development and deployment
of the Power Share Virtual Assistant (VA) in the real world in three

! Amazon Alexa, https://alexa.amazon.com/

2Google Assistant, https://assistant.google.com/
3 Apple Siri, https://www.apple.com/siri/
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distinct sectors: 1) residential, 2) commercial, and 3) industry. The
Power Share VA combines a smart-meter solution and a Google
Assistant application to inform the user about their energy con-
sumption in their home or facility, bringing users closer to virtual
assistants while making their interaction seamless and convenient
on a daily basis. Being an eco-feedback system [10], the Power
Share VA provides users with energy-related data to encourage
more efficient behaviors. In particular, it allows users to:

o Explore their energy consumption and production (available
to owners of energy generation assets only) data;

o Access simulation data of potential solar PV production for
their location;

e Receive on-demand personalized information via email.

To the best of our knowledge, this is the first work that com-
pares the human response to virtual assistants in different daily life
scenarios in the context of energy efficiency. By having these three
distinguished types of environments, it is possible to understand
the differences in how the users interact with the system and how
it can be improved to fit best in each scenario.

The remainder of this paper is organized as follows: Section 2 pro-
vides an overview of existing research in IoT, VA, and voice-based
assistants for energy efficiency. Section 3 describes the proposed
solution and the methodology adopted for its evaluation. Results
from the evaluation (quantitative and qualitative) are presented in
Section 4. Finally, Section 5 presents conclusions and future work.

2 STATE OF THE ART
2.1 Internet of Things and Virtual Assistants

With the rise of smart devices and home automation solutions,
home assistants like Amazon Alexa, Google Assistant, and Apple
Siri - just to name a few - are becoming common household items.
Home assistants offer many functionalities and can connect to
smart devices, thus allowing users to automate their homes. The
global home assistant market is continuously growing - according
to [11], it is expected to reach approximately USD 7.8 billion by
2023 - and existing systems are quickly being upgraded to support
new functionalities.

In this perspective, recent studies have looked at integrating the
Internet of Things (IoT) and Virtual Assistants (VA) specifically
for energy management purposes. Barman and colleagues [2] de-
veloped an IoT-based smart energy meter that monitors energy
consumption and helps detect power theft. Unlike existing meter-
ing systems, their solution leverages the benefits brought by the
IoT to allow for full duplex communication. It ultimately makes it
easier for the end users to analyze and control their energy data.
The solution is composed of five elements: (i) a Wifi module to
manage the system operations, (ii) an OLED display that shows
energy-related information, (iii) the energy meter, (iv) an optocou-
pler, and (v) a current sensor. Results from their study show that
the system could identify energy consumption patterns and detect
power theft and promote energy conservation.

Vishwakarma et al. [36] developed an IoT-based smart energy
home automation system remotely controlling home equipment.
The system was developed using Arduino NodeMcu, Adafruit, and
If-This-Then-That (IFTTT) [19], and included a web-based assistant
and Google Assistant. The authors highlighted the evolution and
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importance of the new technologies in the IoT field, which now
allows older people and people with some disabilities to interact
with systems with the help of virtual assistants. With a similar
perspective, Isyanto et al. [21] implemented a system for people
with disabilities using Google’s virtual assistant, where they can
control home appliances with their voice (e.g., fans, lights, and
even the TV.) The authors pointed out the ability to use the VA on
different devices (e.g., Google Nest and Smartphones) and Operating
Systems (e.g., Android or IOS) as a main advantage since it enables
it to cover a wider range of end-users.

A solution similar to the one described in the present article is
the one proposed by Hadi et al. paper [16]. By leveraging the re-
source offered by Google, the Google Assistant and its development
platform, the authors were able to create a voice-based system to
control and monitor electronic appliances. As highlighted by the
authors [16], Google Assistant presents several advantages, among
which two are the most worth mentioning;: (i) there are no memory
requirements to run these applications since all the processing is
made on the Google Assistant server’s side, and (ii) voice-based
interaction provides a more seamless user experience compared to
the one offered by existing applications for energy management.
The system was tested in a domestic setting. The test outcomes
demonstrated the potential of voice-based energy monitoring and
controlling system, as "the accomplishment pace of talk affirmation
structures is 75% of success rate" [16].

2.2 Voice-based Assistants for Promoting
Energy Efficiency and Sustainability

The HCI body of literature on conversational Al and VA for energy
efficiency is growing rapidly.

In 2018, Gnewuch et al. [15] investigated using Conversational
Agents (CAs) for energy feedback. To answer the question of how to
design CAs for promoting sustainable energy use in households, the
authors developed an interactive prototype of the Energy Feedback
Agent - a text-based CA - which was then evaluated with industry
experts in an exploratory focus group session. The responses offered
by participants to the user scenarios they were presented with
suggest that CA is a promising technology for energy feedback and
ultimately allowed the authors to put forward a set of principles
for designing such solutions.

With the development of CA technology, the research focus has
quickly moved from text-based to voice-based CAs. In recent work,
He and colleagues [18] investigated how proactive smart home
assistants (SHAs) could be designed to nudge smart home occupants
toward changing their energy-related behaviors and ultimately
take energy conservation actions. Through an online experiment,
the authors collected direct responses from 307 participants to
energy-saving suggestions provided by an SHA in a simulated smart
home scenario, demonstrating the potential of proactive SHAs in
promoting energy-saving behaviors. The effectiveness of voice-
based VA in stimulating energy efficiency in households is further
supported by findings from a preliminary study conducted by He
[17] to compare the nudging power of bi-directional communication
enabled by VA with traditional text-based eco-feedback systems.

More recently, in an attempt to provide a set of guidelines for
designing conversational agents to promote sustainability, Giudici
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et al. [14] have conducted a focus group session with experts to
identify the potential areas of intervention for combining conversa-
tional technologies and digital devices to foster a more sustainable
behavior in domestic spaces.

The use of VA for sustainability has been investigated in areas
other than energy efficiency. For example, Esau et al. [8] investi-
gated the use of VAs to prevent food waste and motivate conscious
food handling. Likewise, in [34], the authors investigated how vir-
tual assistants can be deployed in hotel rooms to foster sustainable
tourism behavior.

2.3 Summary

Although literature seems to provide evidence of the potential of
using voice-based CAs like VAs for energy management purposes,
a few aspects deserving further investigation emerge from our
review.

In particular, we couldn’t find any study describing real-world
implementations of voice-based energy feedback systems. Despite
authors agreeing on the need for real-world deployments of these
solutions [15, 18], all of the works reviewed test their prototypes
through simulations [8, 14, 15, 18]. Moreover, we observe that when
it comes to VAs for energy management, researchers have so far
focused on the residential context only [8, 14, 15, 18, 18]. HCI re-
searchers have long called for the need to extend research on en-
ergy feedback to the non-residential sector [4, 23]. Thus, despite
the prominence of these works, we see this as a critical gap that
deserves to be addressed.

3 MATERIALS AND METHODS

As stated above, the Power Share VA consists of two independent
components: 1) the smart-metering infrastructure and 2) the Power
Share application. These two components are described next.

3.1 Smart Metering Infrastructure

The Power Share VA was developed to be hardware agnostic when it
comes to the acquisition of smart-meter data. This was achieved by
separating the virtual assistant features from the energy monitoring
process.

A key aspect of any energy eco-feedback system is the ability to
frequently update consumption and production data, a task that, as
of today, should be facilitated [1] due to the proliferation of smart
meters. However, access to smart meter data is still not straight-
forward since many existing solutions do not offer a standard way
of accessing their data through open APIs, mainly due to privacy
concerns [22, 25].

A quick survey of the smart-meters market made it possible to
find a few solutions with functionalities relevant to this work. For
example, the Sense [24] system provides an API for data access,
and it is fully integrated with Virtual Assistants such as Google
Assistant and Alexa from Amazon. However, at the time of this
research, the system was not compatible with the European Power
Grid (Nominal frequency of 50Hz and Voltage of 230V). Another
example is the Smappee meter [32], which, even though it does not
offer a default integration with Virtual Assistants, is compatible
with the European power grid and provides an official API for data
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access. Unfortunately, the access to this API is limited to one access
per hour, which is not adequate for the goals of this work.

Hence, it was decided to rely on a smart-metering platform
developed and tested in the scope of the Horizon 2020 SMart IsLand
Energy systems (SMILE) research project [29]. This platform can
monitor electric power generation from solar PV and electric energy
demand using Carlo Gavazzi smart meters [13] for that effect. The
data is measured locally at 1Hz and uploaded to a cloud-based server
aggregated in 1-minute intervals. This is done using an Industrial
Raspberry Pi (the strato-pi). An Open APl is also provided to enable
remote access to the stored data, with an unlimited number of API
calls. Figure 1 provides an overview of the installed smart metering
infrastructure. There it is possible to see that two smart meters were
installed, one for household demand (1) and another to monitor
the factory (2). The two smart meters are then connected to the
strato-pi (3), which is responsible for reading and processing the
data from the smart meters before uploading it to the online server.

3.2 Power Share Application

The Power Share application is designed to provide custom inter-
faces regarding energy consumption. These applications are com-
posed of an additional entity, the fulfillment service, in other words,
a web application. Power Share is then split into two applications,
a Google Actions application and a web application.

3.2.1 Google Actions Application. The Google Actions app com-
prises two other components, a Firebase project and a Google Cloud
project, linked to one another. In the Google Actions platform, we
have created a project for the application and started configuring it.
From here, we followed the architecture bottom-up, starting from
the types moving to intents and finally to scenes.

The user interfaces are categorized into summarized and detailed
dashboards, and for each type of dashboard, specific operations
were created with training phrases composed of the dashboard and
facility type. For example, "Show me the house daily dashboard,’
and "What is the restaurant complete dashboard." This composition
allows the user to vary the commands as it is only required to match
these two key values.

With the desired operations implemented, we created a scene
for each of them. In each scene, we defined the conditions to show
a specific interface. For instance, the conditions in the previous
example phrases are that the facility type and the dashboard type
must be present in the command given by the user. The desired
interface is shown to the user if these conditions are met. Otherwise,
it calls the Match Any scene, which is visually represented by the
help page since the user asked for something the assistant does
not understand. Since a big challenge of Home Assistants is that
voice commands may not be well interpreted in the presence of
background noises [36] this feature is particularly important since
it enables the assessment of the audio recognition reliability in the
Power Share VA.

3.2.2  Web Application. The web applications consist of a home
screen and five dashboards. These interfaces were developed accord-
ing to the Google guidelines for voice-enable applications, including
the need to "design with voice-first in mind" and to "focus on one
touchpoint at a time." [6]
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Fobnico.

Figure 1: Smart metering infrastructure installed in the main breaker box of one of the participants in the study. Smart matter
for household demand (1), smart meter for the factory demand (2), and the strato-pi for data processing and communication (3).

e The Home screen introduces the application to the user with
a description. It has several buttons suggesting commands to
perform, and through the Assistant’s voice, other commands
are recommended (See Figure 2);

e The Daily Dashboard shows information about today’s
or yesterday’s energy consumption and production. It also
presents a results card describing the peak and low values
and feedback for production and consumption. The feedback
for this dashboard is made by comparing today or yesterday
with the same weekday of the previous week (See Figure 3);

e The Weekly Dashboard shows this week’s or last week’s en-
ergy consumption and production. Similarly to the previous
interface, here is presented a results card with the same type
of information;

e The Monthly Dashboard provides an energy use overview
throughout the current and the previous month. It also has
a results card;

e The Complete Dashboard provides a complete summary of
the daily, weekly, and monthly dashboards;

e The Latest Dashboard shows an overview of yesterday’s
and last week’s dashboard.

Since many potential users of the Power Share VA may not own
solar PV micro-production on their premises, an option was added
to create a simulation of the potential for local energy production.
To this end, real-time and historical solar PV estimates are obtained
from Solcast [33]. If this option is not enabled, only consumption
is shown in the different user interfaces.

Finally, with the user’s consent, an email with information re-
garding the current dashboard is sent. This email contains the
results of the energy usage for the specific dashboard, links to arti-
cles on optimizing energy consumption (including links to micro-
production solutions from National suppliers and a link to the

Power Share%

House Complete Report

Welcome to PowerShare

House Latest Report

‘Show me the house latest repor

This is your Energy Home Control!
House Daily Dashboard
You can say commands to see information about

your energy consumption and production.

Figure 2: Overview of the Web Application: Home Screen.

consumer association website), and a screenshot of the interface
for future reference. Figure 4 shows an example of the email.

3.3 Evaluation Methodology

The Power Share VA system was iteratively developed and eval-
uated over two deployment phases. The first deployment phase,
preliminary and propaedeutic to the second one, was conducted
to gather feedback on the prototype design. To this aim, an initial
version of the system was deployed for a period of a month at an
industrial premise consisting of a factory and the owner’s house.
This family-owned Small Medium Enterprise (SME) produces hand-
bags, among other fashion goods. The factory has a high energy
demand, partly due to more than eighteen industrial machines and
three fans.

At the beginning of the study, the family was presented with a
consent form and a general explanation of the system. For the pur-
pose of the study, a Google Home Hub was provided to participants.
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House Daily Dashboard
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Productio
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Peak Low
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Comparison with this
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Figure 3: Overview of the Web Application: Daily Dashboard
(including energy production).

Hello Francisco, this is Power Share! Power Share |

As requested, here you have more information related to energy production.

From the gues defense
« DECO Proteste article - How to choose a solar panel
Solution from the most important Portuguese power supplier companies:

« EDP - EDP solar panel solutions
« GALP - GALP solar panel solutions

You can see your expected energy production and current energy consumption at your House in the image in the attachments.

House Energy Production Prediction

Usage Email Results
4

Comparison with this weekday
last week

Figure 4: Email sent about the prediction of energy produc-
tion.

At the end of the one-month deployment, a semi-structured inter-
view was conducted with the system users to gather their feedback
on the interface design. Revisions to some Ul and UX elements were
made accordingly. The refined prototype was then tested during
the second deployment phase to:

e Evaluate the usability of the system:isintended to
understand how users interact with the system;

e Assess the information of the system: extract from
the users’ assessment what is the most useful information
to be presented in the system;

e Evaluate the users’ acceptance of virtual assistants:

understand the users’ perspective on virtual assistants and
their applications.
The second deployment was conducted in both residential (an

apartment) and commercial (a restaurant) settings. Participants
were recruited through convenience sampling [12] and asked to
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use the system for a period of two weeks. The apartment residents
were a middle age couple owning a solar PV micro-production
unit of 0.5kWp. As for the restaurant, it is situated on the ground
floor of an urban building and does not have a solar PV installation.
The restaurant offers lunch and dinner services from Tuesday to
Saturday.

Similarly to the first deployment phase, the family and the restau-
rant owner received a Google Home Hub, instructions on how to
use the system, and a consent form. Interactions with the appli-
cation - user ID; timestamp of the interactions; features accessed;
and number of unsuccessful interactions (i.e., calls to the Match
Any interface / Help page) - have been electronically monitored
throughout the study using Dashbot.io [5]. At the end of the study,
semi-structured interviews were conducted with participants to ex-
plore their understanding, opinions, and usage patterns. Interviews
started with a warm-up discussion about their previous experiences
with energy feedback technologies and VAs. Other questions tar-
geted how participants used the application (e.g., when and how
often, most and less used features, usability issues faced, etc.) and
their understanding and perceived usefulness of the information
provided. In addition, questions related to overall willingness to
use similar systems in the future and suggestions for improvements
were included. Interviews lasted an average of 30 minutes and were
fully recorded and transcribed.

4 RESULTS
4.1 Quantitative Data

As shown in Table 1, users preferred recent data - i.e., Daily Dash-
board and Latest Dashboard - over historical data. Interestingly,
only User Type (UT) 2 shows almost equal interest in both typolo-
gies of data.

Also, the time spent interacting with the system varied between
UTs, with UT1 being the most active user and UT2 the least. This
result, however, was not unexpected. Unlike UT1 and UT3, the
restaurant has no residential purposes. Therefore, besides being oc-
cupied only part of the day, users do not have much time to interact
with the system during work hours. The inherent characteristics of
the three user scenarios investigated also influenced the "preferred
time of use," as UT 1 and 2 tended to interact with the system during
work hours.

The interaction data collected shows that some of the function-
alities offered by the system were not used at all (see Figure 5 for
additional details). In this regard, it’s worth noting that most of the
‘not-accessed’ interfaces provide data that require time and effort
to understand fully. UT2, for example, did not access the Predict
Energy Production dashboard. This dashboard, compared to others,
provides more complex information. It requires more effort from
the user to analyze the data and infer whether installing an energy
generation asset is worth it. On the contrary, the most called in-
terfaces are those that provide a summary of energy-related data
displayed in a visual form. Figure 5 shows the percentages of the
features accessed by each user typology and a list of those not
accessed.

Finally, based on the literature surveyed, we can reasonably
argue that the overall system performance was good. Indeed, for all
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Table 1: Summary of quantitative data collected for each User Type (UT)

Factory with Domestic (UT 1) Restaurant (UT 2) | Domestic (UT 3)
Most used feature Daily Dashboard Complete Dashboard | Daily Dashboard
Second most used feature Send Email Daily Dashboard Latest Dashboard
Third most used feature | Predict Energy Production Dashboard | Weekly Dashboard Send Email
Preferred time of use 12:00 14:00 21:00
Success rate 93.19% 88.57% 76%

Home Monthly Dashboard Bl Last Week Dashboard

Complete Dashboard Predict Energy Production Bl Yesterday Dashboard

Daily Dashboard Send Email [ Latest Dashboard

U R |
gonn

Weekly Dashboard Last Month Dashboard

uT1 uT2 uT3

Breakdown of
successful Interactions*

Breakdown of
Interactions™

Breakdown of

F ionalities NOT F i ities NOT F i ities NOT
NONE Predict Energy Production Home
Send Email Monthly Dashboard
Last Month Dashboard Last Month Dashboard
Last Week Dashboard Last Week Dashboard
Yesterday Dashboard Yesterday Dashboard
Latest Dashboard

* Failed interactions (i.e., accesses to the Help page) excluded.

Figure 5: Breakdown of the features accessed by each user
typology.

UT, the success rate - measured by the calls to Match Any interface
- was above the 75% reported in [16].

4.2 Qualitative Data

All interviewees reported appreciating the energy feedback data
provided by the system as well as the possibility of receiving the
same information also via email: "I did ask to receive data via email.
It’s a useful feature, and the content is easy to read" (UT1). In partic-
ular, the opportunity to keep track of their energy-related habits
and adapt them based on the feedback received was described as
a useful feature: "Thanks to the system I made a few changes. For
instance, I've started to turn on the heat pump when production from
solar PVs was higher" (UT3). UT1 emphasized that factory owners
could considerably benefit from using this system and ultimately
save some money simply by adjusting their consumption habits:
" think that using this system in a factory is very cost-effective! [...]
I've started disconnecting some machines over the weekend and could
see huge differences in the consumption" (UT1).

Participants made several changes, not only to their habits -
e.g., UT1 replaced all light bulbs with LED bulbs - and reported
being willing to maintain them. In this regard, the Predict Energy
Production dashboard emerged as a potential trigger for taking
further actions. At the end of the study, participants that do not
own any energy generation assets (UT1) said they were considering
installing solar PV panels for self-consumption.

As the literature on eco-feedback suggests, one of the main issues
with these systems is that users normally lose interest over time [27,
28]. Results from our study suggest that voice-based eco-feedback
systems might partially help overcome this issue. Interviewees
reported being willing to use the application in the future (UT1),
although in a more sporadic fashion (UT3). However, this is still a
hypothesis that requires further research.

Finally, some recommendations for improving the system emerged
from the interviews. In particular, UT3 suggested the possibility
of receiving tailored notifications based on the user consumption
and production data: "It would be nice to receive a message any time
production exceeds consumption. This way, I can take advantage of
excess production to charge my phone or use other appliances, such
as the dehumidifier" (UT3).

5 CONCLUSIONS AND FUTURE WORK

Power Share is an integrated system that comprehends a smart
meter solution, a conversational Google Assistant application, a
web application, and a server. The solution was envisioned to raise
people’s awareness about energy, informing them about its use by
using a virtual assistant and seamlessly integrating it into their daily
lives. The Power Share VA provides attractive interfaces regarding
facilities” energy consumption and production while offering an
engaging virtual assistant experience. These interfaces include a
variety of dashboards in which users can see historical and real-
time data from different perspectives and even compare them to
understand their energy use habits.

The system was successfully evaluated in three distinguished
environments with different types of energy use, namely, houses,
houses with a factory, and a restaurant, demonstrating its versatility
in different scenarios.

The system was evaluated over two deployment phases, in which
both quantitative and qualitative data were collected to understand
the user experience. An industrial facility was involved in the first
deployment phase, which lasted a month. A house in Madeira and
a restaurant in Lisbon were part of the second deployment phase,
which lasted two weeks.

Based on the user interaction data collected through Dashbot.io [5],
it emerged that the interactions were short-lived. The system has
a fast response rate, and the dashboard displays information effi-
ciently, allowing it to be integrated into work environments such as
restaurants and factories, where time is scarce. Participants clearly
preferred the summarized dashboard in commercial and industrial
settings as the data is more consolidated and embraces more than
one scope.

Moreover, results from our test show that the real-time com-
parison between days, weeks, and months was one of the most
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praised functionalities, as it allows users to implement new mea-
sures to reduce their energy consumption and improve production.
Users preferred real-time information over historical data (previ-
ous days, weeks, and months). Finally, the tests characterized the
system as a system of long-term use, as people use it over time and
not exhaustively over a short period. Testing the system resulted
in monitoring energy use habits and creating effective ways to
mitigate unnecessary energy consumption. It even boosted users’
curiosity to start producing energy and finding the best solar panel
solutions. Finally, the adherence to testing the system, regarding
the number of interactions, aligns with the previous studies and
the literature.

While the objectives of this research were achieved, at this stage,
it is important to stress that the current study suffers from some
limitations that should be addressed in future iterations of this
work. First and foremost, it would be important to carry out a
longer deployment to assess how the usage of the systems varies
over time. Furthermore, while the sample spans three different
sectors, it is limited to one participant per sector, which hurts
generalization efforts. Furthermore, since only one Google Home
device was available, running the study in parallel was impossible.
This is something that should be avoided in a long-term study
to remove biases due to external factors (e.g., extreme weather
conditions). Moreover, another limitation to be considered is that
we studied only one of the VAs currently available on the market.
Future iterations of this work would benefit by including systems
from other manufacturers.

Luckily, the Power Share VA was built with new technologies and
procedures, namely Google Actions, which offer opportunities for
improvements in its various parts. For example, in future work, it
would be interesting to compare the effectiveness of a VA deployed
using a stationary device such as Google Home with one that is
more ubiquitous by running on a smartphone. Besides providing a
much-needed comparison between the two types of VAs, the ability
to use smartphones would enable the development of larger and
longer studies at a much lower cost.

Likewise, the discussion with our end-users made it possible to
understand that the interfaces can be improved to best fit the type of
information users want to see. In other words, it should be possible
to build functionalities into the VAs that are targeted at specific
user segments. Given the small sample size of the evaluation, this is
another example where a future study with a much larger sample
and deployment duration would be very important.

In addition to the existing functionalities of the VA, the smart
meter solution could be enriched by exploring the integration of
Non-Intrusive Load Monitoring (NILM) [9, 26] to enable the deliv-
ery of specific information regarding individual appliances. With
live data about the appliance, enhancing the VAs with warnings
to adjust the demand based on external signals should be possi-
ble, allowing users to transition from passive consumers to a more
active role in the smart grid [31]. Although possible from a tech-
nological standpoint, for such an approach to truly work, it will
require a high degree of engagement from the end-users. As the
literature suggests, one of the main challenges with the adoption
of eco-feedback technologies (whether they provide aggregated or
disaggregated energy data) is to sustain users’ interest over time
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[3, 28]. As Virtual Assistants enable more natural and seamless in-
teraction experiences, they may have great potential for promoting
lasting engagement with these systems and ultimately overcoming
some of the existing adoption barriers. Thus, we believe that iden-
tifying guidelines to inform the design of VAs for energy efficiency
and behavior change represents another crucial direction for future
research.
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