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Abstract

The widespread adoption of solar energy storage systems is transforming the global en-
ergy landscape, enabling more efficient use of renewable resources and enhancing energy
resilience. The integration of residential batteries significantly enhances energy efficiency
and sustainability by facilitating the storage of surplus renewable energy, providing re-
liable backup during power outages, and optimising energy consumption. This study
explores the factors influencing end-user adoption of batteries, utilising the Unified Theory
of Acceptance and Use of Technology 2 (UTAUT2) as a guiding framework to analyse
adoption behaviours and determinants. This study employs a qualitative approach using
semi-structured interviews with stakeholders divided into three categories: regulatory
authorities, industry experts, and end-users. This study highlights key factors influencing
battery adoption, such as energy independence, grid reliability, and environmental impact,
while addressing challenges like regulatory inconsistencies and installer training. Study
extends UTAUT2 to residential battery adoption, emphasising performance expectancy,
facilitating conditions, and price value in decision-making and makes a methodological
contribution by validating deeper qualitative insights into renewable technology adop-
tion. The practical implications emphasise the need for designing targeted policies, such
as subsidies and net metering, alongside developing user-centric systems that enhance
affordability, usability, and consumer awareness to facilitate residential battery adoption.

Keywords: technology adoption; UN SDGs; residential solar; UTAUT2; virtual power
plants (VPPs); consumer perception

1. Introduction
The Sustainable Development Goals (SDGs), established by the United Nations Gen-

eral Assembly in 2015, serve as a comprehensive framework for advancing global sustain-
ability. Among these, SDG 7 aims to ensure universal access to modern energy services,
increase the share of renewable energy in the global energy mix, and enhance energy
efficiency [1]. Realising this goal is critical in the global effort to mitigate climate change,
given that energy-related carbon dioxide emissions constitute a substantial share of global
greenhouse gas emissions [2]. A fundamental shift from fossil fuel-based energy systems to
low-carbon alternatives is imperative to achieving long-term sustainability objectives [3,4].
One of the central strategies in climate change mitigation has been the reduction in carbon
emissions within centralised energy systems [5,6]. Despite notable progress in renewable
energy deployment, prevailing consensus across mitigation scenarios suggests that a more
rapid and comprehensive decarbonisation of the power sector is required within the coming
decades to avert the most detrimental impacts of climate change [7]. Contemporary electric-
ity systems are predominantly centralised, characterised by large-scale power generation
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facilities and extensive transmission and distribution networks [1,2]. However, the global
electricity sector faces considerable challenges in transitioning to a low-carbon economy
while simultaneously maintaining economic efficiency and social equity [4,7]. The rise in
residential solar installations poses challenges for grid stability, which can be effectively
addressed through energy storage technologies like batteries [7,8]. Batteries store surplus
solar energy for use during peak demand or nighttime, reducing grid reliance [8]. Their
adoption is influenced by social factors, such as societal trends and peer influence, and
supported by facilitating conditions like affordability and incentives [9].

Western Australia (WA) presents a relevant case for applying the Unified Theory of
Acceptance and Use of Technology (UTAUT) to renewable energy adoption, particularly in
light of rising residential solar usage and related grid stability concerns [1,9]. In WA where
rooftop solar contributes significantly to electricity generation, the focus is increasingly
shifting from solar panel installations to battery adoption as a means to support grid
stability [1,10]. The UTAUT model helps explain how expectations that energy storage
will resolve grid issues can influence adoption by both consumers and utilities. This study
explores the social, environmental, and economic factors driving battery acceptance. By
examining performance expectancy, effort expectancy, social influence, and facilitating
conditions, UTAUT provides insights into the adoption of renewable energy technologies
and the barriers to their integration into the grid [6,11]. This study applies UTAUT to
investigate the motivations, context, regulatory frameworks, and organisational dynamics
influencing battery adoption in WA.

Researchers have utilised a range of theoretical models to explore the adoption of prod-
ucts, concepts, and technologies, such as the Theory of Reasoned Action [12], the Theory of
Planned Behaviour [13], and more recently, the Unified Theory of Acceptance and Use of
Technology 2 (UTAUT2) [14–16]. The UTAUT model provides a comprehensive structure
comprising four core determinants of behavioural intention and actual behaviour: perfor-
mance expectancy, effort expectancy, social influence, and facilitating conditions [17,18].
Behavioural intention is shaped positively by performance expectancy, effort expectancy,
and social influence [17,19], while actual behaviour is driven by both behavioural inten-
tion and facilitating conditions. UTAUT consolidated constructs from earlier models and
demonstrated a higher explanatory capacity, accounting for up to 70% of variance in user
intentions. While providing valuable insights for management, it highlighted the need to
explore broader organisational outcomes [20]. The framework was extended into UTAUT2,
which incorporated seven constructs: performance expectancy, effort expectancy, social
influence, facilitating conditions, hedonic motivation, price value, and habit [15]. This
extension enhanced its applicability in consumer settings, explaining 74% of the variance
in behavioural intention and 52% in technology use [18].

Meta-analysis of UTAUT2 and identified the strongest linkage between behavioural
intention (BI) and use behaviour (UB) while also noting that the path from effort expectancy
(EE) to BI, though reliable, was relatively weaker [18]. The meta-analysis study under-
scored the value of additional constructs such as trust and personal innovativeness while
acknowledging limitations in incorporating moderators due to empirical constraints. A
further reinforced UTAUT2’s theoretical robustness advocated for a multi-level framework
to account for contextual factors influencing technology acceptance [18]. UTAUT frame-
work expanded in the context of chatbot services by introducing perceived intelligence and
anthropomorphism [18,19].

The findings revealed these factors significantly affected continuance intention, mod-
erated by social self-efficacy. This evolution illustrates that although the foundational
constructs of UTAUT remain significant, contemporary technological contexts demand the
inclusion of new variables. For instance, UTAUT was used to study Moodle adoption and
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found that performance expectancy and social influence strongly influenced behavioural
intention and actual usage [17]. While UTAUT is well-validated across organisational
and educational contexts, limited research exists on its application across diverse cultural,
geographical, and technological environments. Investigating its relevance in sectors like
healthcare, public services, and among various demographics could enhance understand-
ing of its adaptability [17,18]. Furthermore, most UTAUT research relies on quantitative
methods revealing a gap for qualitative investigations that can offer richer insights into
user experience and contextual dynamics [10,15,18].

This study examines the enablers and barriers influencing the transition from intention
to actual technology use, an area less explored in prior research, which predominantly
focused on behavioural intention. In the context of battery adoption, performance ex-
pectancy is defined as the degree to which users believe the technology will enhance their
daily lives [17], with higher expectancy linked to increased adoption [19,21]. Effort ex-
pectancy involves the perceived ease of learning and using the technology [20,22], which
similarly enhances adoption likelihood [18,23]. Hedonic motivation, linked to enjoyment
and aesthetics, also influences adoption [17,18,23]. Social influence refers to perceived social
expectations [15,19,21] and facilitating conditions involve perceived support infrastructure.
Price value reflects the perceived cost–benefit trade-off [17,19] and habit pertains to prior
experience and routine use [22].

This study applies the UTAUT2 framework to explore stakeholders’ perspectives on
battery adoption through semi-structured interviews. Using the UTAUT framework, this
study aims to investigate the motivations, context, methods, regulations, organisations,
and linkages that influence and determine the adoption of batteries in WA. In this respect,
this study will address the following research question: “What are the motivations, drivers,
and obstacles that influence the adoption of batteries by end users?”

2. Materials and Methods
This study carried out semi-structured interviews to analyse the performance ex-

pectancy, effort expectancy, and facilitating conditions influencing the end-user acceptance
of batteries, using the unified theory of acceptance and use of technology (UTAUT) frame-
work. The stakeholders involved in the adoption of batteries were divided into three main
categories—regulatory authorities, industry experts, and end-users. Regulatory authorities
set safety and environmental standards, shaping market conditions [7,14]. Industry experts
advance technology and production efficiency, meeting performance demands. End-users
determine market viability through adoption patterns and feedback, guiding further im-
provements. The participants chosen for this study are listed in Table 1. A purposive
sampling was employed in this study [24,25]. Participants were selected through social
media and networking platforms such as LinkedIn and Meta (Facebook) and professional
websites, such that the participants had a minimum of three years of experience with the
technology [24,26].

Snowball sampling was employed to get in touch with more participants by relying
on existing participants [24,25]. The interviews were conducted using a semi-structured
interview guide comprising a main question along with probing questions designed to
explore the various constructs of the framework. The complete interview guide used in
this research is provided in the Supplementary Material. The semi-structured interviews
were facilitated via Microsoft Teams platform [24,27]. A transcription software embedded
in Microsoft Teams was used to transcribe semi-structured online-recorded interviews,
and, after each interview, verbatim transcripts were downloaded, and the transcription
was checked for accuracy [28]. NVivo version 14 software was used in the qualitative
analysis of data [27]. The data were coded to identify themes leading to the end-user
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perceptions of performance expectancy, effort expectancy, and facilitating conditions. To
minimise social desirability bias, a common limitation in interview-based research, this
study ensured participant anonymity and offered flexible interview settings to encourage
openness [29]. While these strategies mitigated the influence of social desirability, it could
not be fully eliminated.

Table 1. Participants involved in this study.

Code Category Affiliation

R1 Regulatory Authorities Policy Advisor WA

R2 Regulatory Authorities Policy Advocacy—Energy Policy WA

R3 Regulatory Authorities Principal Policy Analyst—WA

R4 Regulatory Authorities Director Network Energy Policy WA

R5 Regulatory Authorities Public Policy Specialist—WA

R6 Regulatory Authorities Public Policy Specialist—WA

R7 Regulatory Authorities Public Policy Specialist—WA

IE1 Industry Experts Project Engineer

IE2 Industry Experts Project Lead—network operator

IE3 Industry Experts State-owned network operator

IE4 Industry Experts Head of IT Portfolio Delivery (DER)

IE5 Industry Experts State-owned network operator

IE6 Industry Experts Planning Manager

IE7 Industry Experts Renewables Development Manager

IE8 Industry Experts Partnership Manager—Battery manufacturing company, Perth WA

IE9 Industry Experts State sales manager, WA

IE10 Industry Experts Founder and Director, solar retailer, WA

IE11 Industry Experts State Sales Manager—WA

IE12 Industry Experts Partnership Manager

IE13 Industry Experts CEO-battery manufacturer, Perth WA

IE14 Industry Experts National Sales Manager, WA

IE15 Industry Experts Sales Director, WA

IE16 Industry Experts Business Development Manager

IE17 Industry Experts Business Development Manager—WA

IE18 Industry Experts State Sales Manager, Perth

IE19 Industry Experts Sales Manager, Perth

IE20 Industry Experts General Manager, Perth

IE21 Industry Experts Product Manager, Perth

IE22 Industry Experts Business Development Manager, Perth

IE23 Industry Experts National Sales Manager, Perth WA.

IE24 Industry Experts Manager—CEC-accredited solar retailer, Perth

IE25 Industry Experts Head—CEC-accredited solar retailer

IE26 Industry Experts State Sales Manager, Perth, WA

IE27 Industry Experts Global Head of Business Development, Perth, WA

IE28 Industry Experts Service Engineer—Installer, Perth, WA

IE29 Industry Experts CEC Accredited Installer, Perth, WA

IE30 Industry Experts CEC Accredited Installer, Perth, WA
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Table 1. Cont.

Code Category Affiliation

IE31 Industry Experts Installation—Operations manager, Perth, WA

IE32 Industry Experts Installation—Operations manager, Perth, WA

E1 End Users Perth, WA

E2 End Users Perth, WA

E3 End Users Perth, WA

E4 End Users Perth, WA

E5 End Users Perth, WA

E6 End Users Perth, WA

E7 End Users Perth, WA

E8 End Users Perth, WA

E9 End Users Perth, WA

E10 End Users Perth, WA

E11 End Users Perth, WA

The qualitative data were analysed using a thematic coding approach aligned with the
UTAUT framework through a systematic multi-step process. First, interview transcripts
were reviewed to identify key terms that reflected participants’ experiences, perceptions,
and motivations, such as high upfront cost, ease of installation, word-of-mouth referrals,
and energy sharing. These terms were then restated into concise analytical meanings to
capture the underlying intent of each response; for example, initial investment discourages
adoption or batteries enable advanced energy systems. In the next stage, similar restate-
ments were grouped into broader open codes representing recurring patterns across the
dataset, including cost barriers, investment justification, technological progress, ease of
use, social validation, and community-based infrastructure. Finally, these open codes were
mapped onto higher-order UTAUT constructs to ensure theoretical alignment, with cost-
related concerns classified under Price Value, technological benefits under Performance
Expectancy, usability aspects under Effort Expectancy, social effects under Social Influence,
infrastructural and institutional support under Facilitating Conditions, and symbolic or
status-driven motivations under Hedonic Motivation. This structured coding process
ensured analytical rigor while maintaining consistency between empirical evidence and
the theoretical framework. The detailed coding process is shown in Table 2.

Table 2. Coding of data based on UTAUT framework.

Example Quotation Step 1: Key
Terms Step 2: Restatement Step 3: Concept

(Open Code) Theme
Step 4:
UTAUT
Factor

“The primary barrier is the high cost of
batteries, which makes it difficult for
customers with lower electricity bills to
justify the expense” (IE25).

High upfront
cost

Initial investment
discourages adoption Cost barrier

Return on
investment Price Value

“Most of the people install because they
thought after 4–5 years they are going to
get the money back” (IE27).

Payback period,
ROI

Adoption depends on
perceived financial
return timeframe

Investment
justification

“The adoption of storage technology will
lead to significant advancements. . . such
as virtual power plants” (IE18).

Storage
technology, VPPs

Batteries enable
advanced energy
systems

Technological
progress Technological

advancements
Performance
Expectancy

“Batteries are foundational for VPPs. . .
energy sharing and EV charging” (IE23).

Energy sharing,
EV charging

Batteries support future
energy ecosystems System enablement
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Table 2. Cont.

Example Quotation Step 1: Key
Terms Step 2: Restatement Step 3: Concept

(Open Code) Theme
Step 4:
UTAUT
Factor

“It’s important to pick a product they’re
comfortable with and know how to install
properly. . .” (IE10)

Ease of
installation, user
comfort

Simple installation
increases user
confidence

Ease of use
Ease of
installation
and use

Effort
Expectancy

“Everything’s labelled nicely and the app
explains step-by-step installation” (IE28)

Clear
instructions, app
support

Guided installation
reduces complexity

Perceived ease of
learning

“When the word-of-mouth referrals came,
I just utilised them and that was a very
pleasant experience” (E5).

Referrals, shared
experience

Positive referrals
reduce uncertainty

Informal support
network

Word of mouth Social
influence

“I referred the company to friends and
relatives. . .” (E5)

Personal recom-
mendations

Trusted
recommendations ease
decision-making

Social validation

“Communities with shared battery power
could support each other” (IE29).

Shared energy,
EV charging

Collective storage
increases access and
efficiency

Community-based
infrastructure

Community
batteries

Facilitating
Conditions

“Communities can function as unified
energy systems” (IE14).

Energy sharing,
revenue
generation

Collective systems
enhance participation

Cooperative energy
networks

“It was like a social status. . . more than
doing the right thing for the
environment” (IE8).

Social status,
prestige

Battery adoption is
influenced by
perceived social image

Status-driven
motivation

Sense of social
standing

Hedonic
Motivation

3. Results
The findings of this study are consistent with previous research showing that the

UTAUT framework is flexible and effective across different technologies and contexts.
Although the main UTAUT constructs remain relevant, their influence varies depending on
the application and user setting. For example, trust has been shown to play a key role in
mobile banking adoption in Jordan, where security and reliability are major concerns [30].
In contrast, studies on mobile payment adoption in the hospitality sector have identified
performance expectancy as the strongest factor, emphasizing the importance of usefulness
and efficiency in service-based applications [31,32]. These differences highlight the need to
adapt the UTAUT model to specific contexts rather than applying it uniformly. Overall,
these findings support the use of UTAUT as a suitable theoretical framework for examining
battery adoption in the present study. Figure 1 shows the conceptual model of factors based
on the UTAUT2 framework for transition toward batteries.

These factors have been extracted and coded as themes from the interviews with
the core stakeholders, which are explained in detail in the following subsections
(Sections 3.1–3.6). The figure displays performance expectancy (Section 3.1) highlighting
benefits such as grid stability, environmental and economic impact, technological ad-
vancements, efficient resource use, and community benefits; effort expectancy (Section 3.2)
addressing ease of installation, knowledge, user interaction, and compatibility; social influ-
ence (Section 3.3) emphasising the role of word of mouth, peer interaction, and media in
shaping transition; facilitating conditions (Section 3.4) focusing on incentives, sustainabil-
ity goals, community batteries, and technological evolution; hedonic motivations and habit
(Section 3.5) driven by social standing, brand loyalty, and early adopter behaviour and
price value (explained in Section 3.6) evaluating financial savings and return on investment.
These interconnected constructs collectively determine behavioural intention, leading to
the actual use of the technology.
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Figure 1. Household battery adoption analysed through UTAUT2 framework.

3.1. Performance Expectancy of Batteries

Performance expectancy, defined as the belief that using a technology will lead to
improved outcomes, is influenced by multiple factors [33,34]. Participants in this study
identified key expectations such as reducing energy costs, increasing property value, en-
hancing grid security and reliability, and promoting energy independence through solar
and battery use [35,36]. Benefits also included economic savings, environmental impact,
technological innovation, efficient resource use, and broader community advantages. Con-
cerns around grid instability, such as voltage fluctuations and frequency variations due
to rising solar penetration, further drive the appeal of battery storage [1]. Solar energy
storage (SES) solutions offer a means to address these issues while supporting decentral-
isation and self-sufficiency [37]. Innovations like virtual power plants (VPPs) allow for
managed energy sharing and export, benefiting both residential users and utilities. Key
drivers of battery adoption in this dimension include system reliability, smart energy use,
infrastructure resilience, and sustainability [31,38]. However, challenges remain, including
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technological limitations, the perceived adequacy of current systems, and scepticism to-
ward new green technologies, which can impede adoption despite the potential benefits.
Table 3 lists participants’ statements expressing expectations on the performance of the
battery storage.

Table 3. Participants’ perspectives on performance expectancy.

Themes Example Quotes

Grid stability
and energy
independence

“Key factors include energy independence, backup power during
grid outages, and a commitment to clean energy” (IE23).

“Batteries can help reduce grid pressure by allowing users to
store and use solar energy more efficiently. This could lead to more
energy-efficient behaviour and lower reliance on grid
power” (IE17).

Technological
advancements

“The adoption of storage technology will lead to significant
advancements in the energy sector, such as the implementation of
virtual power plants and the sharing and trading of energy” (IE18).

“Batteries are foundational for VPPs, enabling energy sharing
between households. As battery technology matures, it will
support advancements in VPPs, energy sharing and electric vehicle
charging” (IE23).

Efficient use of
resources

“Battery plays an important role where when we convert the
energy it can’t be used at night-time where most of the customers
prefer it to be stored during the daytime and which can be later
used at night for their own consumption” (IE32).

“Solar and battery system where solar can pump up power, save in
the battery and then when, they can use the solar power that saves
in the battery” (IE9).

Interest in battery
and solar panels

“The development of advanced battery technologies can help to
address the issue of energy crisis by providing more reliable and
sustainable energy storage solutions” (IE20).

“I think there will be a really large demand for batteries in the
future. The first reason is that, as I mentioned earlier, two power
plants will be shut down” (IE20).

Growth potential

“As battery technology improves and prices decrease, more people
are motivated to adopt batteries, especially as electric vehicles and
other new technologies become prevalent” (IE23).

“New opportunities to be captured both by user and as well as the
service provider. So, these sort of changes we will dramatically
really contribute once the mass production happen” (IE26).

3.2. Effort Expectancy

Effort expectancy determines the perceived ease of use of a technology [31,36]. The
greater the effortlessness in engaging the technology, the greater will be the rate of adoption
of the technology [36]. The ease of installing the battery storage without needing additional
adjustments reflects effort expectancy [31]. Concerns about the complexity of choosing
the right solar provider and understanding the technology reflect effort expectancy [39].
Participants indicate that choosing and installing solar panels is an easy process, facilitated
by trusting the advice of a known brand and having a good experience with the solar
company. Factors influencing this ease include installation and usage simplicity, technical
competence of the installers, technology integration and compatibility, and user interaction
and management [38,40,41]. This study highlights that need for a straightforward and
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understandable installation process is essential for the end user to reflect effort expectancy.
The technical competence of the installers plays a key role, as they directly interact with
the consumer [30]. However, some installers lack adequate technical training, which
hinders their ability to explain technology to consumers in simple terms. Despite this,
participants consistently describe the installation process as smooth and straightforward,
with continuous support from the solar retailing companies [38,42]. This reflects a low
effort expectancy, as customers do not encounter significant challenges or complexities.
Participants also report that integrating batteries into the system is “pretty straightforward”
with no major difficulties. The professional and efficient approach of solar companies
ensures a hassle-free process, making the adoption of solar technology highly accessible [41].
Table 4 lists the participants’ perspectives on the effort expectancy of batteries.

Table 4. Participants’ perspectives on effort expectancy.

Themes Example Quotes

Ease of installation
and use

“It’s important to pick up a product they’re comfortable with and
understand it and know how to install it properly and make sure
it meets the customer expectations and that goes from the sale
through the design and the actual installation” (IE10).

“Everything’s basically labelled very nicely and you have an app
video that basically explains the step-by-step stage of the
installation process” (IE28).

Initial challenges
and complexity

“There is a lot of charge over there because first of all as a supplier,
we will be thinking about the like safety of the battery things we
supply, which is also important in the Australian market” (IE22).

“No, the technology is advancing faster than training programs
can be developed. We might need to learn from training
programs in other countries” (IE30).

Knowledge and
education

“Because there are a lot of solar retailers and battery retailers they
end-users must be more well educated to be prevent themselves
from any false selling” (IE9).

“Emphasis was placed on educating sales consultants and
customers about the benefits of integrated systems” (IE25).

Technology
integration and
compatibility

“And I think the market leaders will be the companies that allow
you to grow. So, the guys that give more flexibility for additional
batteries are going to be the winners in the game” (IE9).

“And the first thing that I would say is the compatibility of an
inverter with a battery. So, all the inverters may not be compatible
with all the batteries in the market” (IE31).

Battery adoption is hindered by the lack of standardised installation regulations,
inadequate installer training, and limited manufacturer support, leading to poor installation
experiences and reduced user confidence. While long-term planning, energy independence,
and reliable backup solutions enhance perceived ease of use, several barriers remain.
Negative factors influencing battery adoption within the effort expectancy dimension of
the UTAUT framework include compatibility and integration issues, which complicate
the connection of new technologies with existing systems, increasing setup, maintenance,
and troubleshooting efforts. These include compatibility and integration challenges, safety
concerns, limited user knowledge, and various technical issues, all of which increase
perceived effort and complexity. Together, these factors negatively impact effort expectancy
and slow the adoption of battery storage systems.
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3.3. Social Influence

Social influence relates to the degree to which individuals perceive that important
others believe they should use the new system. Influence from friends and neighbours
who have adopted solar systems reflects social influence. Societal influence is crucial in the
adoption and acceptance of any technology. Peer networks within communities have a sig-
nificant role in shaping the social norms related to sustainable energy practices. Witnessing
individuals embrace battery systems has a significant impact on social conduct and the level
of approval, constituting a dynamic element of the behavioural environment [43]. Battery
adoption among end users is significantly influenced by social factors, including family,
friends, peer interactions, and media. Positive word of mouth, growing environmental
awareness, and favourable media coverage support the shift toward green technologies,
encouraging broader acceptance of batteries. Community engagement and shared responsi-
bility also foster social norms that promote adoption. However, negative media narratives,
safety concerns, and misinformation can create resistance, reduce social endorsement, and
slow adoption. Table 5 depicts the participants’ perspectives on social influence.

Table 5. The themes and categories obtained from the participants’ perspectives on social influence.

Categories Example Quotes

Word of mouth

“When the word-of-mouth referrals came, I just utilised them and
that was a very pleasant and seeming experience” (E5).

“I had referred that particular company to a few of my other
friends and other relatives, and they all have the same experience.
. . . When the word-of-mouth referrals came, I just utilised them and
that was a very pleasant experience” (E5).

Peer interaction

“Word of mouth is very good when we install solar for a client and
he refers his family, friends, friends, brothers, sisters, and people
[like] that. So that kind of keeps spreading as well” (IE23).

“When there are a lot of people who are adopting the batteries,
their neighbours will jump on board easily. So that’ll be how to say
like a promoting effect for people” (IE26).

3.4. Facilitating Conditions

Since cost is a major barrier to the adoption of batteries, availability of incentives or
rebates is the primary factor facilitating the adoption of batteries. The sustainability and
climate change mitigation goals are laying path for increased awareness among consumers
while encouraging the policymakers to envision incentives beneficial to battery adopters.
A solar integrated storage offers more scope for savings on energy bills than solar alone,
by reducing the excess energy from being fed back to the grid; however, the return on
investment can be increased or made profitable to the end user only in an incentivised sce-
nario [44]. Despite the cost barrier, the consumer awareness of the sustainability goals and
climate change mitigation strategies can encourage early adoption. Technology evolution
and innovative perspectives such as community batteries are also facilitating the adoption
of batteries. Energy sharing within a community is an ideal strategy to distribute the effects
of economic burden, associated risks, and benefits of batteries [45]. Technology evolution
is necessary to provide adequate technical support and infrastructure to emerging ideas
such as community batteries. Facilitating conditions refer to the resources and support
available to users. The participants highlight the need for government support and better
policies align with this construct. Effective policies, rebates, and subsidies can signifi-
cantly impact the ease of adoption and the ability of users to acquire technology [46,47].
Participants emphasise the importance of government policy and subsidies in reducing
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battery costs and enhancing accessibility, aligning with the UTAUT construct of facilitating
conditions. Policy support helps address financial barriers, making battery adoption more
feasible for both consumers and businesses. Incentives, including reduced feed-in tariffs
and electricity pricing adjustments, strengthen the economic attractiveness of renewable
energy systems by lowering initial investment costs and improving long-term affordability.
Overall, evolving policies and financial support play a key role in enabling wider adoption
of battery technologies. Table 6 lists the participants’ perspectives on the factors facilitating
the adoption of batteries.

Table 6. The main themes and categories focusing on the facilitating factors for the transition.

Categories Example Quotes

Incentives and
feed-in tariffs

“Decreased feed-in tariffs reflect the lower cost of solar energy. The
change encourages more efficient use of solar energy and battery
storage” (IE4).

“The decrease in feed-in tariffs impacts the attractiveness of solar
systems and indirectly influences battery adoption, as it alters the
financial calculations for consumers” (IE5).

Community
batteries

“Communities with shared battery power could support each other.
Battery uptake would also support EV charging, allowing
households to charge their vehicles using solar power” (IE29).

“Communities can function as unified energy systems, optimising
energy use and generating revenue. . .and potentially creating
energy-sharing networks” (IE14).

Technology
evolution

“Utilities need to continuously adapt their infrastructure and
policies to meet evolving demands and incorporate new
technologies effectively” (IE5).

“I think a buyback program, similar to what we see in the
aluminium industry, will emerge as minerals like lithium and lead
become finite resources.” (IE20).

3.5. Hedonic Motivation and Habit

Previous literature indicates the adoption of pro-environment technologies as a gesture
of conveying consciousness about sustainability issues and commitment to renewable
energy usage [36]. Hence, the hedonic aspects are relevant in boosting the decision to adopt
batteries. The adoption of batteries will confer a sense of elevated social status. This is
also related to the habits and identity of the end users. Early solar adopters, by habit, may
be drawn to opt for early adoption of batteries, owing to their experience with solar and
awareness of the benefits of a solar-integrated storage system [4]. End users consider the
aesthetics, design, and visibility of batteries as important factors in adoption decisions.
Brand confidence and alignment with social norms or habits also influence the choice
of battery, with well-known brands fostering greater trust. Social factors such as brand
recognition play a key role in shaping consumer preferences. Additionally, promoting
sustainable energy behaviours that reflect personal values can make energy-saving practices
more enjoyable, reinforcing positive habits over time and encouraging adoption [36,48].
Table 7 lists the participants’ perspectives on hedonic motivations and habit.

3.6. Price Value

The price value is a crucial attribute because the end user always takes into account
the money and effort spent and the relative benefits of the technology before deciding to
adopt it. Financial savings obtained from reduced energy bills are a factor motivating the
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adoption of batteries. Electricity retailers are encouraging battery adoption among the end
users to lower peak demand and shield end consumers from rising electricity prices since a
significant fraction of electricity retailers are unable to recover their expenses due to the
increased wholesale cost of power [7,30]. The cost of batteries and the return on investment
are unable to strike a balance at the moment. The return on investment is obtained only
after ten to fifteen years, which is well above the warranty period of the battery. Hence,
the price value attribute does not support the adoption of batteries. The value diminishes
further when an end user takes into consideration the possible risks in adopting the battery,
including economic burden and physical hazards such as the possibility of catching on
fire [30,31]. Table 8 lists the participants’ perspectives on the price value of batteries.
Lowering battery upfront costs improves their financial viability by offering long-term
savings and making storage solutions more attractive. Dynamic feed-in tariffs and time-of-
use pricing enhance economic appeal by reducing electricity bills and enabling revenue
from surplus energy. Greater affordability and energy independence further boost financial
returns [30]. Battery adoption can also impact utility revenue positively and create new
income streams. However, unclear financial benefits, insufficient government support,
supply chain issues, and high upfront costs can hinder adoption by reducing perceived
value and affordability.

Table 7. Participant’s perspectives on hedonic motivators and habit.

Themes Example Quotes

Sense of social
standing

“I think it was my personal opinion, it was like a social status. More
so than anything else, there was probably a handful that wanted to
do the right thing by the environment, but I think a big thing for it
was a social status to” (IE8).

Brand loyalty
“It totally depends on customer specifications on what they need
and their availability as well. However, there are some top brands
with availability issue[s] client” (IE23).

Early adopters

“So, with renewable energy, with the improvement of technologies
going into the rooftop, solar and batteries, we are able to.
Independence, right? So, we can decentralise, the power generation,
the power management” (IE25).

Table 8. Participants’ perspectives on price value.

Categories Example Quotes

Financial savings

“The main advantage is definitely reducing the power bill. So, it
has, I would say, probably would have just reduced it by around
70%, I think. So, as I said, we were getting close to $1000 every
two months and I’m pretty sure that it has come down to 300
hundred or so now” (E1).

“First thing is the electricity cost every year in Australia, there is a
price rise, by 30–40%. . . . They don’t have to pay that much. So,
battery is one resource they’re looking for” (IE22).

Return on
investment

“The primary barrier is the high cost of batteries, which makes it
difficult for customers with lower electricity bills to justify the
expense” (IE25).

“That is the major part. So, people looking for when they go with
the battery so see which terms of solar, most of the people install
because they thought after 4–5 years they are going to get the
money back” (IE27).
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4. Discussion
The adoption of residential battery storage, analysed through the Unified Theory of

Acceptance and Use of Technology 2 (UTAUT2) highlights key determinants influencing
consumer decisions. In summary, price value remains a primary factor, as financial savings
drive greater adoption, but high upfront costs and long return on investment periods act
as deterrents. Incentives and innovative financial models can enhance affordability and
perceived value. Performance expectancy also plays a crucial role, with consumers valuing
energy independence and sustainability [11,14]. Advances such as Virtual Power Plants
(VPPs) improve efficiency, yet ongoing concerns about grid instability and reliability persist.
Effort expectancy influences adoption, as ease of installation and technical support foster
consumer confidence, though regulatory inconsistencies and installer training gaps pose
challenges. Social influence is another strong driver, as peer networks and media shape
perceptions. Positive consumer experiences build trust, while misinformation hinders
acceptance [2,14]. Facilitating conditions, including policy support and infrastructure, are
essential to overcoming adoption barriers. Additionally, hedonic motivation and habit rein-
force adoption, as early adopters influence broader societal trends [32,33]. By addressing
financial, technological, and regulatory challenges while leveraging social and behavioural
drivers, residential battery storage adoption rates can be improved, contributing to decen-
tralised and sustainable energy transitions.

Within this broader context, policy interventions play a critical enabling role by shap-
ing user behaviour, reducing adoption barriers, and reinforcing the determinants identified
in this study. This study highlights the Western Australian Government’s Residential
Battery Scheme as a key policy initiative promoting efficient energy use and sustainability,
and links it to the various UTAUT constructs identified throughout this study. The scheme
provides rebates of $500 to $750 per kWh and no-interest loans up to $10,000 for eligible
households [3]. To qualify, applicants must own a home in WA with an active electricity
account. Batteries must have at least 5 kWh capacity, be VPP-ready, and stay connected to
the internet for smooth operation. This study’s findings align with the scheme’s objectives,
supporting residential battery adoption within the UTAUT2 framework [15,34]. Perfor-
mance expectancy is addressed by reducing grid reliance and promoting renewable energy.
Effort expectancy is enhanced through financial incentives, simplifying adoption [19,34].
Facilitating conditions are reinforced through clear eligibility criteria and technological
requirements, ensuring system compatibility with the energy network [17,19]. Collec-
tively, these measures encourage greater participation in WA’s transition to sustainable,
renewable energy.

4.1. Theoretical and Methodological Contributions

This study makes two theoretical contributions and one methodological contribution.
Firstly, we extend the applicability of the UTAUT2 model to study the content of analysing
consumer acceptance of residential battery storage within the renewable energy sector.
While UTAUT2 has been used widely to study information systems and consumer technol-
ogy adoption, its relevance to the theoretical advancement of energy-related technologies
remains limited [33,34]. By validating key concepts such as performance expectancy, effort
expectancy, social influence, facilitating conditions, hedonic motivations and habits, and
price value in the context of residential batteries, this study demonstrates that UTAUT2
is a robust framework for understanding technology adoption in the energy sector, thus
providing a foundation for future research on consumer adoption of energy innovations,
including smart grids and electric vehicles [11,16,33].

Secondly, this study helps bridge the consumer behaviour and energy transition litera-
ture by linking facilitating conditions with external influences such as policy interventions
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and technology advancements [42]. Existing consumer adoption frameworks often focus
on individual decision-making factors, whereas this study highlights the broader systemic
influences, including subsidies, net metering policies, and energy trading mechanisms, all
of which collectively shape behavioural intentions [32,34]. This theoretical insight advances
the understanding of how macro-level factors influence micro-level adoption behaviours,
offering a more holistic approach to studying energy technology adoption. This study also
methodologically advances UTAT2 research. By incorporating qualitative research methods,
this study addresses a critical gap in UTAUT2 applications, which are predominantly vali-
dated by quantitative studies [10,15,18]. The qualitative approach provides deeper insights
into consumer motivations, concerns and battery adoption intentions and decisions that
may not be captured through survey-based quantitative methodologies. Thus, exploratory
studies in emerging technologies could further apply qualitative methods via the UTAUT2
model. This study goes beyond applying UTAUT2 by showing how its key factors can
be perceived differently in the context of residential batteries. The findings indicate that
facilitating conditions and price value are more influential than effort expectancy, which
mainly acts as a supporting factor. The results also show that policy settings and regulatory
support strongly shape how users perceive usefulness and value. This refines UTAUT2
by demonstrating that technology adoption in energy systems is driven not only by user
perceptions but also by broader institutional and policy conditions.

4.2. Practical and Policy Implications

The study findings also have practical implications for policymakers, firms, manufac-
turers, and designers. Firstly, policymakers can leverage the study’s insights to develop
targeted incentives, such as subsidies, rebates, and net metering policies, to enhance the
affordability and perceived value of residential battery storage [42]. By improving facilitat-
ing conditions, governments can encourage wider adoption, leading to increased energy
independence and reduced strain on the power grid. Additionally, aligning policies with
emerging technologies like Virtual Power Plants (VPPs) can support a more decentralised
and resilient energy system [45]. Secondly, firms offering residential battery solutions can
tailor their marketing strategies by highlighting key adoption drivers such as performance
expectancy, hedonic motivations, and price value [32,33]. Emphasising benefits like lower
energy costs, increased energy security, and environmental impact can improve consumer
perceptions. Additionally, promoting the ease of use and intuitive design of battery sys-
tems can address effort expectancy concerns, making the technology more appealing to
homeowners [11,14,16]. Third, manufacturers and designers should prioritise user-friendly
interfaces and seamless integration of residential batteries with smart home technologies
and electric vehicles. By improving ease of use and ensuring compatibility with existing
energy management systems, companies can enhance consumer adoption rates. Further-
more, developing innovative financing options, such as leasing models or pay-as-you-go
systems, can help overcome financial barriers and accelerate market penetration.

5. Conclusions
The adoption of residential battery storage is a pivotal development in the transition

to sustainable energy, enhancing grid stability, energy independence, and cost efficiency
while enabling innovations such as Virtual Power Plants (VPPs). This study extends the
UTAUT2 framework by identifying performance expectancy, facilitating conditions, and
price value as key determinants of adoption. By integrating qualitative insights, the study
findings provide a holistic understanding of psychological, social, and economic influences
on consumer behaviour. The findings underscore the role of policy interventions such as
subsidies, net metering, and energy trading, which are critical in overcoming financial
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barriers and accelerating decentralised energy transitions. Bridging consumer behaviour
and energy transition literature, this research highlights the interplay between technological
advancements and regulatory frameworks in shaping adoption. It reinforces UTAUT2’s
applicability in renewable energy contexts while demonstrating the value of qualitative
research. Future studies should employ longitudinal and cross-cultural approaches to
capture evolving consumer behaviour amid technological and policy shifts to further the
academic discourse of this evolving field of study.

Limitations and Suggestions for Future Research

This study aims to study the consumer acceptance of solar and storage technologies
based on the multi-stakeholder perspective to better understand the ecosystem influencing
household adoption decisions. Although end users constitute a smaller proportion of the
sample, their perspectives were complemented by industry experts and regulatory stake-
holders who directly shape the conditions under which consumer adoption occurs through
pricing structures, system design, regulatory frameworks, and knowledge dissemination.
Importantly, the inclusion of industry and regulatory participants was not intended to
replace consumer perspectives but to contextualise them. In the context of residential solar,
consumer decisions are strongly mediated by supply-side constraints, policy incentives,
and technical feasibility. As such, insights from installers, network operators, and policy-
makers provide a greater understanding regarding barriers and enablers that consumers
themselves may experience but not fully articulate. The primary objective of this study was
to explore how UTAUT2 constructs evolve in the context of residential battery adoption,
rather than to compare stakeholder perspectives. This study was therefore designed to
examine common patterns of meaning across interviews, irrespective of participant cate-
gory. Second, the sampling across stakeholder groups was purposive with the intention of
capturing system-level insights rather than generating directly comparable sub-samples.
The number of end users, industry actors, and regulators was not balanced for comparative
analysis, and undertaking formal cross-group comparisons can lead to over-interpreting
qualitative differences not supported by a corresponding equivalent sample depth. Many
of the themes identified, such as performance expectancy, facilitating conditions, and
perceived risk, were consistently expressed across stakeholder categories. Finally, this
approach aligns with this study’s theoretical framing, which draws on UTAUT2 that fo-
cuses on influencing mechanisms and structures rather than direct comparison between
stakeholder groups.

This study has several limitations that present avenues for further research. Firstly, it is
limited to three participant groups: regulatory authorities, industry experts, and end users
in a single state, which may not reflect broader geographic, demographic, or economic
contexts [46,47]. Future studies should conduct inter-state and cross-country analyses and
involve a wider participant base to improve generalisability [11]. Secondly, as this research
captures perceptions at a single point in time, it does not consider how attitudes evolve
with technological and policy changes [42]. To track changes in user perceptions, policy
impacts, and adoption behaviour over time cross-sectional study could be adopted. Thirdly,
while this study uses the UTAUT2 framework to assess behavioural intentions, it does not
examine actual adoption or long-term use [36]. Future work should explore post-adoption
behaviours to identify gaps between intentions and real-world practices which could adopt
a comparative or mixed-method design that could more systematically examine divergences
between consumer, industry, and regulatory perspectives [14,16]. Fourthly, as this study
adopts a qualitative approach, future research could benefit from employing mixed-method
designs to address more complex behavioural factors. In particular, combining interviews
with surveys would enhance generalisability, allow for triangulation of findings, and
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strengthen the robustness of this study [11,14]. Fifthly, it briefly considers the interaction
of residential batteries with technologies like EVs, smart homes, and VPPs [36]; further
research should explore these interdependencies. Lastly, while hedonic and habitual
behaviours are addressed, socio-cultural and psychological factors are not deeply examined.
Future studies could incorporate behavioural economics and psychological models to better
understand the role of trust, social norms, and risk perceptions in battery adoption.
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