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The shift toward smart grids encourages businesses to adapt their operations to ensure long-term sustainability
by integrating energy storage systems (ESS). Innovation is crucial for entering new markets and providing a
competitive advantage. Therefore, this research focuses on variables impacting business model innovation in the
grid to improve the performance of the energy storage market (ESM). The study employs a quantitative survey-
based approach to examine key determinants of ESM performance, using data collected from 184 energy-sector
stakeholders to capture critical constructs identified in the literature. Structural Equation Modeling (SEM) and
Confirmatory Factor Analysis (CFA) were used to validate the measurement model and analyze the in-
terrelationships among latent variables. The results highlight that profitability (8 = 0.289, p < 0.05) has the
strongest influence on ESM performance, subsequently competitiveness (p = 0.205), technological development
(B = 0.201), organization learning (f = 0.183), customer satisfaction (f = 0.166), environmental (§ = 0.148),
and social performance (f = 0.146). These findings reveal that electricity service providers can enhance ESM
performance by innovating business models that integrate organizational learning, technology adoption,
customer satisfaction, social and environmental outcomes. This research provides a framework for decision-
makers to foster innovation in smart grid systems, enabling smarter and more strategic choices leading to
improved operational efficiency and performance in ESM. It proposes a model-based framework for analyzing
ESM performance in emerging economies context.

1. Introduction growth while attaining its social, political, and environmental goals.

This makes grid-connected energy storage as transformative solutions

The growth trend of India's energy sector over the last few years has
resulted in several additional new projects. A global target has been set
to cut carbon emissions and make this world more sustainable. Busi-
nesses must obtain competitive advantages and enhance their perfor-
mance. Understanding the challenges and opportunities is becoming
increasingly important with society's transition towards sustainability,
as it can develop effective business models (Franca et al., 2017). The
electric grid intends to motivate businesses to strengthen their opera-
tions to ensure long-term sustainability and efficiency. Energy storage
will become increasingly essential for both industry and consumers as
renewable power output grows and the demand for grid stability and
dependability grows, resulting in increased market expansion and the
formation of new businesses. Energy storage is a useful technology for
India's economy since it can help the nation accomplish economic
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for India's economy (Gupta and Shankar, 2024). When a firm offers
energy storage to its consumers, it engages in business model innova-
tion, which alters the value proposition and other aspects of the business
model. Energy storage is the most crucial component for a more sus-
tainable future in the electricity industry. For businesses interested in
improving the efficiency of the grid system, understanding energy
storage systems (ESS) is vital. Utilities will require alternative solutions
to address these issues associated with the current power grid. The
development of the energy storage industry towards relatively strategic
and autonomous business is accelerated by the rapid rise of advanced
energy storage technologies (Li et al., 2015).
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1.1. Research motivation

Integrating information technologies into energy generation and
distribution can reduce environmental impacts while enhancing power
grid quality, stability, dependability, and productivity. Electrical Energy
Storage Systems (EESs) are becoming critical components for a resilient
and functional grid through various applications such as load shifting,
energy management, frequency control, grid stability, and voltage
support (Zhang et al., 2017; Gupta and Shankar, 2022). EES systems will
become a crucial technology for designing, constructing, and operating
electric power networks because of the growing need for enhanced grid
services. Any new endeavor to adopt cutting-edge smart grid technology
would first include existing utilities. Consequently, it is critical to
determine when energy providers, who supply most of the electricity
utilized by consumers and industrial users, will adopt innovative energy
storage systems in power generation. Although energy storage helps the
grid on the supply side and demand side, it is still unknown in what
manner business model innovation influences the energy storage
industry's performance. With the steady growth of renewable energy
and the necessity for increasing electrical grid stability and reliability,
energy storage will become gradually crucial for both industry and
consumers, resulting in increased market growth and the formation of
new businesses. The concept of energy business transformation, from
energy generation to electricity consumption, is nourished by new
technology. If successfully commercialized, smart grids can potentially
change the electrical business (Bhatti and Danilovic,2018). As the power
sector moves towards a new era of efficient and reliable production,
various innovations in the smart grid field are happening, giving rise to
multiple new opportunities. Kishore (2021) explains how the smart
grid's invention leads to a positive shift in the existing electrical grid or
other applications. Fig. 1. shows that innovation in the grid leads to
improvement in energy generation, power quality, energy efficiency,
demand response, etc. Also, innovation in the electric sector improves
the growth of the energy storage market. This study is situated within
the context of smart grids, where digitalization, real-time energy man-
agement, and the integration of distributed energy resources create new
opportunities for value creation. In such an environment, business
model innovation emerges as a critical mechanism through which
technological, organizational, and market enablers are translated into
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improved energy storage market performance.

1.2. Research context, research gaps, research objectives

Existing studies have mainly focused on technology improvement
(Narayanamoorthy et al., 2023; Zhang et al., 2023), use of successful
business models for battery storage deployments (Kumar and Shrimali,
2021), modern policies for energy market (Bulut and Ozcan, 2024;
Wang et al., 2024), selection of energy storage system (Amir et al., 2023;
Narayanamoorthy et al., 2023; Rana et al., 2023). Franzo et al. (2023)
seek to explain the business model innovation process facilitated by
advanced digital technology in the energy industry. Zhang et al. (2023)
provides an innovative investigation of digitalization in energy storage
development. Narayanamoorthy et al. (2023) determined the MCDM
model to examine the most appropriate sustainable energy storage
system. Reza et al. (2023) review storage integrated grids' uncertainties
and modeling approaches. Gupta and Shankar (2022) identify the
crucial factor for adopting energy storage systems in the grid. Wang
et al. (2024) determine factors that affect public participation in
community-shared energy storage projects. Liu et al. (2024) primarily
analyzed the energy storage industry's value-added efficiency and
influencing factors. Li et al. (2023) analyzed the innovation efficiency of
the new energy industry from the perspective of industrial space dis-
tribution and obtained the mismatch of R&D resources in most regions,
leading to low efficiency. Bulut and Ozcan (2024) explore how modern
policies affect the energy markets and how the markets shape the pol-
icies. Zabihi and Parhamfar, (2025) argued that Smart grid integration
of EVs and charging infrastructure, supported by renewable energy and
storage systems. They also explore the strategic balance of BESSs in the
role of price taker/price maker when it comes to market effect. While the
existing body of literature has made significant strides in exploring
various aspects of energy storage systems (ESSs) and their integration
into energy grids, critical gaps remain needed for further investigation.
Existing research lacks an integrated framework that simultaneously
links technological, organizational, market, and sustainability factors to
energy storage market performance through business model innovation.
There is a lack of comprehensive empirical research addressing the en-
ergy storage market. There is a need for empirical studies that integrate
multiple variables, such as technological advancements, regulatory
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frameworks, market demand, and economic incentives, to understand
better their combined impact on the performance of the energy storage
market. Hence, Future research could explore the interrelationship be-
tween business models and technology, regional resource allocation
strategies, and participatory frameworks to enhance the ESS market.
Thus, the research objective for the current study is as follows:

RO1: What factors influence business model innovation in high-end
equipment manufacture in the energy storage sector for a sustainable
future?

RO2: To conduct an empirical study of the potential factors influ-
encing the performance of the energy storage market.

This study empirically examines the various elements that influence
the performance of the energy storage market. The factors impacting
business innovation in the energy storage market are evaluated through
a review of scholarly research papers, conference proceedings, energy-
related websites, and key technical information on storage systems.
This research interviewed 184 experts actively exploring grid integra-
tion with energy storage systems. The interview material was used to
synthesize their perceptions about growth factors in the ES market. This
study introduces a novel SEM-based framework that positions business
model innovation as a central link between technological, organiza-
tional, market, and sustainability drivers and energy storage market
performance. It uniquely integrates these dimensions within a single
model and provides empirical evidence from an emerging economic
context.

1.3. Research contributions

1. This study addresses a key theoretical gap by developing an inte-
grated framework that links technological, organizational, market,
and sustainability factors with energy storage market performance
through business model innovation, which has been largely over-
looked in prior research.

2. Using Structural Equation Modeling (SEM), the study provides
robust evidence on the interrelationships among these constructs in a
smart grid context. The findings highlight the critical role of BMI in
translating strategic and operational capabilities into improved
market performance. This contributes to both theory and practice by
offering a comprehensive and data-driven perspective in an
emerging economy setting.

3. The study offers actionable insights for policymakers, investors, and
industry leaders to design forward-looking, innovation-driven busi-
ness models. These models drive economic growth and support na-
tional goals of energy security, reduced carbon footprint, and
inclusive development.

4. By bridging theoretical perspectives with practical strategies, the
research contributes to the broader societal goal of transitioning
towards a cleaner, smarter, and more sustainable energy future.

The following section explains how the paper was organized: Section
2 examines the literature on business model innovation in the electric
industry and the energy storage market scenario. The study model and
hypothesis structure are explained in Section 3, which illustrates the
factors influencing business model innovation in the energy storage
market for a sustainable future. Section 4 shows how integrated CFA and
SEM approaches were utilized to verify the research model's validity,
reliability, and fitness from a questionnaire survey. Sections 5 and 6
contain result analyses and a description of the study model to demon-
strate how these factors affect the performance of the energy storage
market via business model innovation. Section 7 discusses how it will
assist managers and academics, and Section 8 discusses conclusions and
future scope.

2. Literature review

This section provides a theoretical background and reviews past
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studies on the energy storage sector, business model innovation within
the energy industry, and the performance of the energy storage market.
This comprehensive review aims to contextualize the current landscape
and identify key trends and developments. Following this, Section 2.3
addresses the research gaps and outlines the contributions of the current
study.

2.1. Theoretical background

India indicated its ambition to target a 33-35% reduction in emission
intensity per unit of GDP by 2030, compared to the year 2005, and
should also have a target of 40% cumulative non-fossil-fuel-based
electric power generation capacity by the year 2030 (GOI, 2015). Ac-
cording to Upreti et al. (2018), in India, accessibility issues and troubles
of energy insufficiency will lie specifically with the overall transmission
setup and are assessed to increase in the following couple of years
without appropriate attention. An enhanced automation system must be
created to implement Smart Grid (SG) innovations for Indian power
systems (Bala et al., 2012). The electrical sector is undergoing significant
new developments in the third decade of the twenty-first century, which
new business models must support. Energy generation, storage, and
global warming are all major topics today, as well as popular research
areas in economics and the environment (Olabi et al., 2020). Due to
growing concerns about environmental degradation and resource
depletion, research into alternate energy sources is receiving global
attention. As a result, energy storage could be an essential part of a
successful transition from fossil fuels to renewable energy sources
(Topalovic et al., 2021). Das et al. (2020) investigate the Indian power
sector's attempts to incorporate renewable energy to meet ambitious
objectives. However, few studies have addressed the planning, regula-
tions, markets, and contract models required for the Indian electrical
industry to implement ESS (Jindal and Shrimali, 2022). Integrating
energy storage systems helps balance supply and demand, thereby
mitigating issues arising from the intermittent nature of renewable en-
ergy sources (Liu et al., 2023). Business modeling has caught the interest
of practitioners, developers, and academicians in recent years as it fo-
cuses on developing organizational architecture, business activities,
financial profits, and social and sustainability issues. To meet the
ambitious goals, energy storage technology research, and development
have drawn attention to different business models utilized for energy,
transportation, electrical, telecommunications, and other industries
(Chasin et al., 2020; Kubli and Puranik, 2023; Schwidtal et al., 2023;
Sutek and Borowski, 2024).

2.2. Business model innovation (BMI) in the energy industry

According to the literature, looking at innovative performance in the
service sector is critical, especially concerning new business models in
the energy industry (Hee et al., 2018). To shed light on these ideas and
their nomological network, several literature reviews on BMs and BMI
have been conducted recently (Shomali and Pinkse, 2016; Chen et al.,
2020; Karami and Madlener, 2021; Gupta and Shankar, 2023; Ancillai
et al., 2023). Considering business model innovation in the energy
domain, the literature has focused on the emergence of modernizations
in solar power production, energy value chain, electric vehicle (EV)
charging, and energy storage (Karakaya et al., (2016); Hamelink and
Opdenakker, (2019)). BMI refers to reconfiguration with certain busi-
ness model components or developing an entirely new method of
providing and capturing value (Massa et al.,2017). Energy management
has already seen progress in reducing carbon emissions, increasing en-
ergy efficiency, and attaining sustainability (Chen et al., 2020). There-
fore, it has been determined that technology and innovation are the
main forces behind the current development stage of the electrical in-
dustry. Technology innovation and business model innovation (BMI)
often go hand in hand. Apart from their technological advantage, smart
energy business models gain the benefits of several other factors that are
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collectively transforming the energy sector, such as decentralized
renewable energy production (Midttun and Piccini, 2017; Shomali and
Pinkse, 2016), market liberalization, and evolving customer demands
(Avancini et al., 2019; Chasin et al., 2020). Also, green technologies are
gaining acceptance in technology, business practices, social attitudes,
and public policy (Moriarty and Honnery, 2016). Ilieva and
Rajasekharan (2018) examines a range of techno-economic variables
that affect the energy storage market and pinpoints crucial components
that will support the creation of business models for the industry. Olajiga
et al., (2024) examines the potential of energy storage technologies in
optimizing grid performance, highlighting their effectiveness in
improving grid reliability and resilience while reducing operational
costs.

These are substantial efforts to learn how new technology can enable
new players to compete with established enterprises. These projects
show the value of business model research in energy management
because they examine how changing business models can affect energy
markets positively and negatively. Incremental or radical innovation
consistent with business model fundamentals like novelty, comple-
mentarities, lock-in, and efficiency improves firm performance in the
energy storage sector. Investing in R&D (research and development),
management procedures establishing new manufacturing, and
enhancing new products and services are all incentives for innovators
rather than imitators.

2.3. Energy storage market

Energy storage is key to the global energy transition, enabling the
integration of renewable sources and ensuring grid stability. The global
energy storage systems market size is calculated at USD 288.97 billion in
2025 and is expanding by around USD 569.39 billion by 2034, with an
impressive CAGR of 7.87% from 2025 to 2034. Although the Indian ESS
industry is only at the beginning, there are numerous opportunities with
a significant market upside. The energy storage market is an extremely
diversified subject, ranging from small to large systems. The most
frequent forms of energy storage are electrochemical, mechanical,
thermal, and chemical energy storage. Table 1 presents a comparative
analysis of major battery technologies used in smart grid applications.
Due to their ability to store energy in various forms and provide ac-
cording to end-user needs, energy storage systems have dominated both
the renewable and conventional energy markets in recent years. With
the huge acceptance of renewable energy, "energy storage" has become
more common in recent years. Large-scale energy storage systems are
getting more attention for their significant contributions to several as-
pects of electric networks. Previous studies have shown that a business
plan's innovation is often seen as critical in a company's capacity to grow
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and operate profitably, particularly in emerging industries. Bhola et al.
(2023) investigate the local viability and potential of community energy
storage (CES) business models. Van der Linden (2006) states that energy
storage has the potential to enhance the energy business for greater
resource utilization, lower emissions, system efficiency, reliability, sta-
bility, and security. Because energy storage technology efficiently re-
solves the conflict between the power grid and electricity generation. As
a result, as a large-scale user of renewable energy, the energy storage
business has pressing practical needs (Koohi-Kamali et al., 2013). For a
more sustainable future, energy storage appears to be unavoidable. Still,
this sector has recently begun to move in the right direction, with
small-scale and large-scale applications awaiting their first achieve-
ments. This success could be aided by an innovative business model
(Hamelink and Opdenakker, 2019).

With ongoing technological advancements and deeper grid integra-
tion, the energy storage market is entering a transformative phase ex-
pected to accelerate through 2025 and beyond. One of the key trends is
the emergence of long-duration energy storage technologies that bridge
the gap between intermittent renewable generation and constant energy
demand, ensuring greater grid stability. As global supply chains face
disruptions, gaining control over the sourcing of raw materials and
manufacturing equipment is becoming a strategic priority for ensuring
the competitiveness and resilience of battery production. Moreover,
supportive policy frameworks and the development of financial in-
struments such as green bonds and energy storage-as-a-service models
are unlocking new avenues for market growth. Finally, integrating Al
and advanced digital technologies reshapes business models, enabling
smarter energy storage management, predictive maintenance, and real-
time grid optimization. Collectively, these trends indicate a robust,
technology-driven evolution of the energy storage sector, which is
crucial for achieving a more sustainable and efficient energy future.

The energy storage market faces several key challenges. Backup
power reliability is limited, especially when transferring electricity back
to the grid during outages, potentially affecting grid stability. Addi-
tionally, the national grid faces limitations due to the distant power
generation location from consumption centers, causing transmission
inefficiencies. These challenges hinder the effective marketization and
scalability of energy storage systems.

2.4. Relationship between electrical grid and energy storage

Although energy storage operators are independent entities, they
typically do not own the generation or transmission infrastructure but
operate in coordination with the grid operator (such as an ISO or RTO)
to provide energy and ancillary services (Pollitt, 2012). These inde-
pendent operators participate in electricity markets by buying electricity

Table 1
Comparison matrix of battery technologies in smart grid applications.

Battery Smart grid application  Key findings Environmental impacts References

technologies

Lithium-ion (Li-ion)  Grid storage, EV Widely deployed in grid-scale storage (~78% of Moderate impact; mining and recycling issues Choi et al.,

integration, frequency BESS); critical for renewable integration but (2021)
regulation requires safety and cost improvements

Lead-Acid Backup power, small- Limited economic viability in smart grids due to High toxicity; recyclable but hazardous Yang et al.,

scale grid support frequent replacement and lifecycle issues (2024)

Sodium-ion Grid-scale storage, Promising alternative with better economic Low impact; abundant, non-toxic materials Yang et al.,
Batteries renewable integration feasibility for large-scale applications (2026)

Flow Batteries Large-scale storage, Suitable for grid-scale storage with long cycle life Low-moderate; long life reduces waste Phogat et al.,
(Vanadium renewable integration and near-zero degradation, but high capital cost (2025).
Redox)

Nickel-Cadmium Industrial backup, Used in niche applications due to environmental High risk due to cadmium toxicity; strict disposal and Taabodi et al.,
(Ni-Cd) remote grids regulations and disposal concerns environmental regulations required. (2025)

Sodium-Sulfur Utility-scale storage, Effective for large-scale applications but Moderate; safety and temperature concerns Sores et al.,
(NaS) peak shaving operational risks and thermal constraints remain (2026)

Solid-State Future smart grids, EVs Emerging next-generation solution focusing on Lower environmental impact potential due to safer Phogat et al.,
Batteries safety and performance enhancement materials and reduced leakage risks; still under (2025).

evaluation due to early-stage development.
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when prices are low and selling it back when prices are high, effectively
performing energy arbitrage. Additionally, they can contract directly
with utilities or grid operators to provide services like peak shaving,
spinning reserves, or even backup power during outages. This
market-based participation allows independent storage operators to
contribute to grid flexibility and resilience without being vertically in-
tegrated into the utility system. Their involvement promotes competi-
tion, innovation, and cost-effectiveness in the grid's evolution toward a
cleaner, more decentralized structure.

The relationship between the electrical grid and energy storage
systems (ESS) is fundamentally symbiotic, especially as power systems
evolve to integrate higher shares of intermittent renewable energy
sources like solar and wind. Energy storage plays a crucial role in
maintaining grid stability by acting as both a load and a generator.
During periods of excess generation—often when demand is low and
renewable output is high—ESS absorbs surplus energy by charging,
effectively reducing curtailment of renewable power. This charging and
discharging cycle enable load shifting, peak shaving, and energy arbi-
trage, contributing to more efficient grid operation (Zhang et al.,2025).
Moreover, energy storage enhances grid reliability by providing
fast-response services such as frequency regulation, voltage support, and
spinning reserves. These capabilities are critical for maintaining the
real-time balance between supply and demand, which is essential for the
stable operation of the grid. As the grid becomes more decentralized and
complex, energy storage is a flexible asset that can smooth variability,
buffer disturbances, and support the integration of distributed energy
resources, making it a cornerstone of the modern, resilient power
system.

2.5. Strategic antecedents of business model innovation: in the context of
smart grid and energy storage integration”

The proposed research model integrates multiple drivers and out-
comes to comprehensively examine business model innovation in the
energy storage market, especially within the context of smart grid
development. The inclusion of factors such as organizational learning
ability (Comlek et al., 2012), technological development (Mori et al.,
2016), market competitiveness (Karami and Madlener, 2021), and
customer satisfaction (Jones et al., 2021) is essential because these el-
ements represent internal capabilities and external pressures that
directly influence a firm's capacity to innovate its business model.
Organizational learning enables adaptation and strategic renewal;
technological development provides the foundation for product and
service innovation; market competitiveness encourages differentiation
and value creation; and customer satisfaction drives demand and
long-term viability. Additionally, smart grid innovation is included as a
contextual factor because it significantly reshapes how energy is
generated, distributed, and consumed—creating new opportunities and
requirements for storage solutions. The model also considers key per-
formance outcomes—profitability, environmental and social perfor-
mance, and market performance—to capture the multi-dimensional
value generated through business model innovation (Ma et al., 2025;
Mori and Zhang, 2024). This holistic approach helps us understand what
drives innovation and how it contributes to sustainable and competitive
growth in the evolving energy landscape.

2.6. Role of mediating variable

Even though all the antecedents may directly influence energy
storage market performance, in this study, business model innovation
acts as a mediating variable, which plays a crucial role as a mediator
between all the antecedents and market performance. Each antecedent
(driver) —technological development, policy and regulation, market
demand, competitive pressure, organizational capabilities, environ-
mental concerns, and financial resources—can directly influence per-
formance in the energy storage market; business model innovation
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(BMI) plays a crucial mediating role. Technological advancements may
improve efficiency, but BMI determines how these innovations are
commercialized and scaled.

For example, Technological advancements in the energy storage
market can directly influence energy market performance, leading to
better products, lower operational costs, enhanced customer satisfac-
tion, and more competitive position in the market. However, business
model innovation is crucial to technological advancements and market
performance. While technological development can improve product
performance, business model innovation determines how the technol-
ogy is deployed, marketed, and monetized. For instance, technological
advances have led to new business models like pay-per-use, leasing, or
energy-as-a-service, which can expand the customer base and open new
revenue streams. A new business model may also help mitigate risks
associated with new technologies (e.g., customer adoption barriers and
capital costs) and thus accelerate market adoption.

Similarly, Organizational learning ability equips firms to absorb,
adapt, and apply new knowledge, but it is through business model
innovation (BMI) that this learning is operationalized—by embedding
insights into value creation. In increasingly competitive energy markets,
BMI allows firms to strategically differentiate themselves through
innovative offerings, customer engagement methods, and pricing stra-
tegies that go beyond traditional models. Competitive pressure drives
firms to innovate their models for differentiation, and strong organiza-
tional capabilities support redesigning operations through BMI.
Customer satisfaction, while essential, is significantly enhanced when
business models are redesigned to provide greater personalization,
accessibility, and convenience—fostering deeper loyalty and market
traction. Profitability is also strengthened when BMI enables firms to
create more efficient cost structures, explore new revenue streams, or
shift from product-based to service-based models. Similarly, firms with a
sustainability orientation or those aiming to improve social and envi-
ronmental performance can use BMI to integrate these priorities into the
core business strategy by adopting circular economy principles, impact-
driven partnerships, or inclusive service delivery models. Ultimately,
BMI acts as the strategic bridge that transforms internal capabilities and
external pressures into coherent, market-aligned strategies—driving
competitive advantage and sustained performance in the energy stor-
age sector.

3. Research hypothesis and model

Exploratory and descriptive research was undertaken to examine the
factors influencing the performance of energy storage markets in the
Indian context. The exploratory method enabled the classification of
characteristics consistent with the existing literature and the identifi-
cation of specific attributes aligned with established categories. The
factors influencing the energy industry's performance vary depending on
the technology used and organizational and environmental consider-
ations. The following sections go through each of these elements in
greater detail. In addition, Fig. 2. shows the research model.

3.1. Role of organization learning ability in business model innovation in
smart grid

Organizational learning is associated with knowledge expansion,
which is crucial for a business' capacity for innovation and performance.
It is an essential resource for organizational survival and gaining a
competitive edge. Various academics have long recognized the impor-
tance of learning orientation to total company performance (Slater,
1994). To increase their organizational capacity in acquiring, devel-
oping, and combining knowledge assets, several businesses have estab-
lished departments whose only purpose is to acquire and share
information from within and outside the company. Comlek et al. (2012)
states that knowledge discovery perspective and system orientation are
two aspects of organizational learning capacity that positively influence
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Fig. 2. Research model.

a company's creative performance. The organization's values will
improve with learning. As a result, the higher the learning orientation,
the better the company's performance. Therefore, the first research hy-
pothesis is expressed as follows:

Hypothesis 1. (H1): Organization learning ability significantly affects
business model innovation in the smart grid.

3.2. Role of technological development in business model innovation in
smart grid

As new technology reconfigures the business model, technological
competency is vital in achieving the efficiency of firms in terms of
manufacturing process and innovation. It involves a company's ability to
create, absorb, adapt, use, and transfer technology (Mori et al., 2016). A
company's technical competence helps it produce and deliver innovative
products and services more efficiently and effectively that best match
customer requirements, enhancing the success of innovation and per-
formance. Many studies claim that technological advancements have an
impact on corporate performance. These technologies are "methods and
designs for transferring matter, energy, and information from one state
to another in pursuit of a goal or goals in the context of the system's
changing technical architecture, particularly if massive volumes of
variable renewables are integrated" (Taylor and Helfat, 2009). The
second research hypothesis, based on literature and theory, is:

Hypothesis 2. (H2): Technological development significantly affects
business model innovation in the smart grid

3.3. Role of customer satisfaction in business model innovation in smart
grid

Understanding consumers' expectations and behaviors is critical in a
smart grid because it is at the core of the energy market's evolution.
Satisfied customers utilize new business models, whereas entrants
employ business models to attract new customers (Bohnsack et al.,
2014). Each consumer group should be explained in terms of the type
of relationship a firm should establish. The public's opinions about
technology are related to acceptance and adoption intentions. Jones
(2021) contends that social support is important for Grid-scale electrical
energy infrastructure. A European Environment Agency (EEA) also
stated that energy consumer preferences will impact new technology
acceptance. Customer satisfaction with energy storage could play a big
role in determining how much of it is deployed in the future (Hamelink
and Opdenakker, 2019). Thus, the third hypothesis examines smart grid
consumer satisfaction and innovation & it is written as follows:

Hypothesis 3. (H3): Customer satisfaction significantly business

model innovation in the smart grid

3.4. Role of competitiveness of market in business model innovation in
smart grid

Competitive pressures in any firm have pushed business model
innovation to the top of CEOs' priority lists for improving performance.
Business models allow new firms to commercialize innovative ideas and
innovations at the initial stage. Secondly, businesses might see their
innovative model as a source of growth or competitive advantage
(Karami and Madlener, 2021). For businesses to continue investing in
innovation, they need to see a return on their money. When it comes to
overall cost, storage systems must be cost-competitive with analogous
non-storage options that are accessible to electric utilities. This includes
considering the costs of installing and integrating the system and the
prices of all the subsystem components. Integrating storage to compete
with standard options for quicker flexibility response assistance would
be challenging because of the high cost of RE-integrating technologies
(Das et al.,2020). Accordingly, the effect of market competitiveness on
business model innovation in the smart grid is proposed as follows:

Hypothesis 4. (H4): Market competitiveness significantly affects
smart grid business model innovation.

3.5. Role of profitability in business model innovation in smart grid

It is well understood that a firm's value can be maximized by
reducing its capital expenditure. Financial performance is considered an
important factor in determining a business's success. Evaluating the
firm's productivity, profitability, and market premium performance is
critical (Omondi and Muturi, 2013). The most popular indicator for
measuring firm performance is profit maximization through more effi-
cient and effective resource utilization (Arifin, 2019). Energy storage
should be valued for providing multiple benefits at once. For ESS to be
used on a big scale, it must conduct a comprehensive and methodical
analysis of its costs and benefits, offering utilities and consumers im-
mediate advantages (Liu et al., 2020). Considering the literature and
theory reviewed, the following is how the fifth research hypothesis is
expressed:

Hypothesis 5. (H5): Profitability significantly affects business model
innovation in smart grid

3.6. Role of social performance in business model innovation in smart grid

The energy storage business is in its early development stages, and
some systematic solutions are to be developed. Also, social and eco-
nomic forces like electricity producers, power grids, and consumers
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must be invited to be involved in business innovation. Corporate social
performance is an important aspect of corporate success that has
received little empirical attention. Enduris claims that business model
innovation has resulted in a highly socially responsible business model
and increased social performance. Human interactions and relations are
the basis of society. Numerous studies in other fields also indicate the
importance of public opinion or social behaviors (Chapman and
Hewitt-Dundas, 2018; Park, 2019). Therefore, the sixth hypothesis is
stated as follows:

Hypothesis 6. (H6): Social Performance significantly affects business
model innovation in smart grid

3.7. Role of environmental performance in business model innovation in
smart grid

External elements that present constraints and opportunities for
technical improvements are referred to as the context in which business
is conducted. It's the awareness to analyze the relationship between
human activities, environmental quality, and the commitment to cut
carbon emissions (Mei et al., 2016). According to Yenneti (2016),
socio-environmental concerns, disputes over shared property resources,
social inclusion, and the influence on people's livelihoods are essential
for solar project success. Several different factors can either encourage
or discourage innovation. These factors include the regulatory envi-
ronment, the industrial structure, the customer relationships, demands
from external stakeholders, and competitive pressure. In addition, Gupta
and Gupta (2021) propose that environmental practices and perfor-
mance outcomes have a direct relationship. As a result, the seventh
hypothesis that may be derived from this model is developed as follows:

Hypothesis 7. (H7): Environmental Performance significantly affects
business model innovation in smart grid

3.8. Role of business model innovation in improving the performance of
energy storage market

Introducing a fundamentally changed business model within an
existing business model is known as business model innovation
(Markides, 2006). Velu (2015) claims that BMI is critical for organiza-
tional transformation and business renewal. Organizations' competitive
positions and chances of survival appear to be influenced by business
model innovation. It requires recognizing and applying fundamentally
distinct types of value capture, value proposition, and value generation
on an existing firm. According to Anwar (2018), enterprises seek
competitive advantage using various resources in today's globalized and
dynamic market. Previous research has found that business plan inno-
vation is often considered a significant factor in a firm's ability to
continue operating successfully and prosper, especially in developing
sectors. Therefore, the proposed hypothesis is written as follows:

Hypothesis 8. (H8): Business model innovation significantly impacts
growth in the performance of the energy storage market

3.9. Performance of energy storage market

Many empirical studies have concluded that innovation is the most
important determinant of firm performance (Mone et al., 1998). Ac-
cording to Gronum et al. (2016), business model innovations consist of
various variables that significantly influence organizational perfor-
mance when implemented into a business model developed on certain
value themes. Firms must develop an innovative business model for a
competitive edge and greater financial performance (Anwar, 2018).
Santos and Brito (2012) defined firm performance as the satisfaction of a
company's activities in terms of market value, financial growth, profit-
ability, employee and customer satisfaction, environmental perfor-
mance, and social performance.
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4. Research methodology

Fig. 3 provides a research framework for improving the performance
of the energy storage market with the help of integrated methodologies
of CFA and SEM. The data used in this study was obtained from an online
questionnaire sent out to several professionals with an extensive un-
derstanding of the power business and the energy storage sector. There
are nine different factors included in the research model. Each aspect
was assessed using multiple items from the questionnaire. The growth of
performance for the energy storage business through innovation in the
grid industry was assessed using a "confirmatory factor analysis" (CFA)
technique and a "structural equation modeling" (SEM) approach. This
research employed a seven-point Likert scale since it is easy to use, more
accurate, and better represents a respondent's real assessment (Likert,
1932; Finstad,2010). Earlier academics also considered the seven-point
scale the optimum option for surveys requiring usability assessments (To
and Ngai, 2006; Tiwari and Suresha, 2021). The questionnaire form for
each item was rated on a seven-point Likert scale, with one being
strongly disagreed with and seven strongly agree. The notations are (1)
for "strongly disagree," (2) for "moderately disagree," (3) for "slightly
disagree," (4) for "neutral," (5) for "slightly agree," (6) for "moderately
agree," and (7) for "strongly agree." SPSS-AMOS was used to test struc-
tural equation models using observed data. This methodology in-
vestigates the linear structural relationships that exist between latent
constructs (factors) in path models that are either recursive or
non-recursive.

4.1. Data collection

Quantitative methods were employed for research. Following a
thorough examination and review of the criteria, the contents of the
questionnaire were carefully developed. This questionnaire has 33
questions about nine criteria evaluated in expert interviews, as illus-
trated in (Appendix A). At the time, various researchers, academics, and
industry professionals from the power and energy storage industries
were interviewed. In this study, expert opinions are employed to
develop vital information about the performance of the energy storage
sector. The questionnaires were gathered from experts, high-ranking
government officials, industry representatives, researchers, and aca-
demics working in India's power sector. They were given nearly 250
questionnaires, but only 184 were completed and returned. The real
effective return rate was 73.57 % since eight surveys were returned as
invalid. To further understand the link between ESS organization per-
formance and innovation, data was analyzed using AMOS-SPSS 20.

This study focuses on people with extensive industrial and educa-
tional experience and a good mix of genders. Individuals from various
age groups, ranging from 20 to 60 years old, were surveyed. There were
57 replies from the private sector, 45 respondents from the public sector,
25 respondents from government organizations, and 57 respondents
from academia among the 184 respondents. These respondents comprise
industry professionals (from energy utilities and renewable firms),
government and policy representatives, academic researchers, technol-
ogy specialists in smart grids and digital systems, financial and invest-
ment analysts, as well as consultants and industry experts. This diverse
composition enables the study to capture a wide range of perspectives
related to operational performance, policy frameworks, technological
advancements, and market dynamics in the energy storage sector. The
demographic details of the data sample are described below in Table 2.

4.2. Confirmatory factor analysis (CFA)

A CFA will often include one of its components as an estimate of an a
priori measurement model. In this model, the observable variables are
mapped into the latent constructs by referring to both theory and the
results of the previous testing. The CFA is a multivariate statistical
analysis for measuring variables that accurately represent the number of
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Fig. 3. Research framework for improving the performance of the Energy storage market.

latent constructs. CFA provides a more thorough investigation of
convergent and discriminant validity than the more conventional
multitrait-multimethod analysis (Campbell and Fiske, 1959). It's used to
confirm the factor structure of several observable variables. CFA will be
evaluated to see if it has convergent and discriminant validity.
Convergent validity testing determines if items can adequately represent
their associated component by assessing their correlation. Discriminant
validity, on the other hand, is used to identify statistical discrepancies
between two components (Fornell and Larcker, 1981). CFA will confirm
the validity of the model by giving standardized item loadings, com-
posite reliability (CR), average variance extracted (AVE), and internal
consistency (Cronbach's alpha values) for each value. Eq. 1 shows how to
carry out the average variance:

> A2 o)
n

AVE =

The following Eq.2 calculates composite reliability:

> M2
X, A )24 ()

Where ()) represents standardized loading for corresponding item i

CR = (2)

¢ indicates the value of the error variance observed for item 'i’

‘n’ represents the number of values that have been observed in a
certain latent variable

And Eq. 3 estimates error variance:

ei= 1 — 22 3)
4.3. Structural equation modeling (SEM)

It is a multivariate statistical technique that explains how several
unobserved variables relate (Markus, 2012; Hair et al.,2010). SEM
seems more of a confirmatory methodology than an exploratory one
(Kline, 1998; Kanungo and Savla, 2005). Since it is mostly dependent on
covariance analysis, it demonstrates the degree of relationship between
variables and the degree of variability within those variables (Kline,
2005). The following characteristics of SEM have been emphasized in
earlier research (Kline, 2005; Hair et al., 2010): (1) It has the potential to
estimate several numerous and connected connections. (2) It can
calculate measurement errors and designate latent ideas in dependent
connections; (3) It can construct a model that can compute all the
different sets of relationships. The SEM method includes evaluations of
multiple regression and maximum likelihood estimates. It includes
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Table 2
Demographic distribution of the sample.
Items Gender N Percentage
(%)

Gender Male 118 64.13
Female 66 35.87

Age 20-30 42 2282
30-40 57 30.97
40-50 47 25.54
Above 50 38 20.65

Qualification Secondary - -
Graduate 60 32.60
Postgraduate 66 35.86
Higher Education 58 31.52

Organization Public 45 24.45
Private 57 30.97
Other 25 13.58
Organization
Academics 57 30.97

Year of Experience < 5 years 42 22.82
5-15 years 58 31.52
15-25 years 60 32.60
> 25 years 24 13.04

Knowledge about BMI and ES Excellent 47 25.54

Industry

Good 77 41.84
Average 38 20.65
Below average 22 11.95

factor analysis, regression, and route analysis. SEM includes computa-
tion and structural models. This model considers interrelationships be-
tween variables and survey questions (indicators) that measure
attributes. Using structural equation modeling, researchers may
examine how accurately the observable variables will represent latent
(unobserved variables) constructs. The structural equation model (SEM)
establishes the proposed structure mathematically and investigates
causal relationships among latent factors.

This study uses CFA and SEM to evaluate the respective measure-
ment models used. Once the fit indices value for the research model has
been obtained, the path model may be developed to test the proposed
hypothesis (Gowen et al., 2006). The relationships between hidden
constructs are explained using a path model. The validity and applica-
bility of the path model may be assessed using the model fit indices,
significance value, and direction of estimated parameters. Table 3 lists
the threshold value for several SEM fit indices.

5. Results
5.1. Classic assumption test

Before proceeding with further analysis, it is essential to examine

Table 3
The threshold value for fit indices of SEM.
Fit indices Threshold References
value
Chi-square to degree of <3 (Anderson and Gerbing, 1988;
freedom ratio (Chi?/ df) Kaynak and Hartley, 2006, Shah and
Ward, 2007)
Goodness of Fit indices > 0.90 (Moon et al.,2012; Kaynak and
(GFD) Hartley, 2006)
Adjusted Goodness of Fit > 0.80 (Gowen et al., 2006; Moon et al.,
indices (AGFI) 2012)
Comparative Fit indices > 0.90 (Kaynak and Hartley, 2006; Moon
(CFD) et al., 2012)
Non-Normed Fit Index > 0.90 (Kaynak and Hartley, 2006; Shah and
(NFI) Ward, 2007)
P close > 0.05 (Gowen et al., 2006)
Root-mean-square error < 0.08 (Kaynak and Hartley, 2006; Shah and

(RMSEA) Ward, 2007)
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normality, multicollinearity, and the presence of outliers. Descriptive
statistics for each measured variable are presented in Appendix B (1).
The inspection of the data revealed that there were no outliers, unen-
gaged replies, or missing values. Here, no value was found to be missing
in datasets, so the data was evenly spread across all variables. Normality
of the data set was assessed using skewness and kurtosis measures
derived from descriptive statistics. The maximum absolute value for
skewness is 1.873, and for kurtosis, 5.866, respectively, for the
measured variables. Hair et al. (2010), Byrne (2010), and Eckstein et al.
(2015) all argue that for univariate statistics, skewness should be be-
tween —2 and + 2, and kurtosis should be between —7 and + 7. Based
on the results, the normality assumption is considered satisfied. Subse-
quently, linear regression analysis is employed to assess multi-
collinearity in the research model by identifying correlations among the
independent variables. Here, SPSS was used for a regression analysis to
check for multicollinearity. The models had a maximum VIF (variance
inflation factor) of 3.237 (Threshold <5), so there won’t be any signif-
icant issues with multicollinearity (Hair et al.,2010). So, it makes sense
to keep all the latent constructs. Also, Harman’s single-factor method is
used to investigate the problem of common method bias (Harman, 1976;
Podsakoff and Organ, 1986). Exploratory factor analysis (EFA) is used
with this method by considering all the measurement items in the
model. The results of EFA show that the first factor explains 38.73'% (i.
e., having a threshold value less than 50%) from total variance. This
means that “common method bias” (CMB) does not exist in the sample
data. Therefore, it is unlikely that common method biases have affected
the results of the statistical analyses. Finally, to test non-response bias,
early and late waves of returned surveys were compared following the
approach suggested by Armstrong and Overton (1977). Here, t-tests in
this case do not reveal any statistically significant differences between
the early and late groups, indicating that non-response bias was not a
concern. (Appendix B (2)).

5.2. Measurement model, validity and reliability

Anderson and Gerbing’s (1988) two-step technique was employed to
assess the validity and reliability of the model. The structural model was
then tested to see if the research hypothesis and model fitness could be
validated. The first step is to analyze validity using SEM and CFA by the
software SPSS-AMOS 20, which covers both convergent and discrimi-
nant validity. Testing for convergent validity involves determining
whether the items that comprise a latent variable (factor) can accurately
represent their respective components. The purpose of conducting a
discriminant validity test is to determine the statistical difference be-
tween one variable and another variable. Fornell and Larcker (1981)
state that the composite reliability (CR) should be larger than 0.7, and
the average variance extracted (AVE) must be greater than 0.5. Table 4
displays all the standardized loadings, the composite reliability (CR)
value, the average variance extracted (AVE) value, and the Cronbach’s
alpha value. The measured model has strong convergent validity as each
value of the AVE exceeds 0.5 and CRs exceeds 0.7. All extracted com-
ponents’ Cronbach’s alpha values are higher than 0.7, suggesting strong
internal consistency.

To validate the discriminant validity test, factor correlation coeffi-
cient values are compared with the square root of the AVE. Specifically,
the square root of the Average Variance Extracted (AVE) for each latent
construct was compared to the correlations between latent constructs to
assess discriminant validity. The measured model demonstrates strong
discriminant validity, as the square root of the average variance
extracted (AVE) exceeds the correlation coefficients, consistent with the
criteria proposed by Fornell and Larcker (1981). The correlation coef-
ficient, r, is evaluated on a scale of —1-1. Table 5. shows the results for
these discriminant validities.
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Table 4 stands for “Goodness of Fit Index,” CFI stands for “Comparative Fit
Standardized item loadings, AVE, CR, and Cronbach’s alpha. Index,” AGFI stands for “Adjusted Goodness of Fit Index,” NFI stands for
Factors Ttems Standardized AVE  CR Alpha “Non-Normed Fit Index,” and RMSEA stands for “Root Mean Square
loadings Error of Approximation.” Table 7 shows that all fit indices are near
Organization OLAL 0.92 0.835 0938 0938 suggested levels, implying that the research model is a good fit. Except
Learning Ability OLA2 0.95 for the GFI value, all indices values have a true range above the pre-
OLA3 0.87 scribed thresholds, but according to Greenspoon and Saklofske (1998),
Technological TD1 0.93 0.842 0955  0.954 the value between range (0.8 < GFI<0.9) also fulfills the acceptable fit
development TD2 0.92 model
D3 0.92 ocel. ) ) ) )
D4 90 Seven hypotheses related to business model innovation—stemming
Customer cs1 0.89 0.806  0.943  0.942 from organizational learning ability, technological development,
satisfaction Cs2 0.91 customer satisfaction, market competitiveness, profitability, environ-
g:i g‘zz mental performance, and social performance—were confirmed, leading
Competitiveness in M1 0.91 0748 0922  0.930 to the eighth hypothesis concerning the overall performance of the en-
market cM2 0.85 ergy storage market. Fig. 4. depicts the completed research model and
CM3 0.92 the values of its path coefficients. These coefficients represent the
profiabili 511:’[14 g'gz 071> ossl  ossl strength and direction of the relationships between each independent
rofitability PR2 0.83 ’ ’ ’ and dependent variable. The higher the standardized path coefficient,
PR3 0.86 the stronger the influence of that indicator on Business Model Innova-
Environmental EP1 0.91 0.828 0951  0.950 tion (BMI) and the performance of the energy storage market. The in-
Performance EP2 0.92 dicators were ranked in descending order based on their standardized
Egz 8‘3(1) coefficients to emphasize their relative importance. According to the
Social Performance  SP1 0.85 0775 0932  0.932 findings, profitability plays a crucial role in driving the perfor'rn'ance of
SP2 0.91 the energy storage industry, followed by market competitiveness,
SP3 0.87 technological advancement, organizational learning capability,
Sp4 0.89 customer satisfaction, environmental performance, and social perfor-
Business Model BMIt 071 0614 0.864  0.848 mance. These elements positively impact the energy storage market's
Innovation BMI2 0.81 ) .p i y. P 8y 8
BMI3 0.81 performance through grid innovation.
BMI4 0.80 The findings confirm that business model innovation (BMI) serves as
Performance in S~ PF_ESM1 0.87 0.752 0.901  0.899 a significant mediating mechanism between organizational, technolog-
market gi‘i:ﬁi g'gf ical, and strategic factors (OLA, TD, CS, CM, PR, EP, and SP) and firm
- : performance (PF_ESM). All antecedent variables exhibit a positive and
significant influence on BMI, indicating their role as key enablers of
business model transformation. In turn, BMI demonstrates a strong and
Table 5 L . significant impact on PF_ESM (p = 0.757, p < 0.001), highlighting its
Result of discriminant validity test. L. . . ¥ e .
critical role in translating firm capabilities into performance outcomes.
OLA D CS CM PR EP SP This suggests that the effect of these antecedents is not direct but is
OLA 0913 channeled through BMI, which reconfigures value creation and delivery
D 0.342 0.917 processes. Therefore, BMI acts as a higher-order capability that bridges
s 0.371 0.454 0.897 firm resources and performance, reinforcing its central role in achieving
cM 0.402 0.367 0.528 0.864
PR 0.365 0.349 0.487 0.520 0.843
EP 0.405 0.265 0.374 0.381 0.325 0.909
sp 0151 0185 0255 0191 0257 0213  0.880 Table 7
Model fit values.
Fit Recommended Actual values Interpretation
5.3. Structural model results indices values obtained
s . Chi%/ df <3 1.260 Excellent
Sec'ondly, AMOS-SPSS 20 was utilized to Perform structural eq}la}tlon GEI < 0.90 0.843 Acceptable
modeling on the proposed model. Table 6. lists all the path coefficients AGFI < 0.80 0.809 Excellent
for relevant hypotheses and their significant p-values (Note: CFI > 0.90 0.978 Excellent
**p < 0.001, * p < 0.005). The study model supports all eight hypoth- NFIL >0.90 0.904 Excellent
eses from H1 to H8. Table 5 shows the research model’s actual values. ;ﬁ;’; z 8‘82 8‘322 Ezz:ﬁ:‘lt
Chi2/df stands for the “Chi-square to degree of freedom ratio,” GFI - -
Table 6
Path coefficients and P- significance value.
Hypothesis Path Path Coefficient P- Significance value Decision
Unstandardized Standardized
H1 OLA — BMI 0.105%* .183 .000 Supported
H2 TD — BMI 0.114** .201 .000 Supported
H3 CS — BMI 0.103* .166 .004 Supported
H4 CM — BMI 0.166** .205 .000 Supported
H5 PR — BMI 0.220%* .289 .000 Supported
H6 EP — BMI 0.089* .148 .004 Supported
H7 SP — BMI 0.085* .146 .002 Supported
H8 BMI — PF_ESM 0.116%* 757 .000 Supported
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Fig. 4. Standardized path coefficient research model.

sustainable and resilient outcomes. These findings highlight the critical
importance of aligning technological and organizational capabilities
with business model transformation.”

The overall performance of the energy storage market is in terms of
market growth, profitability, and ROI. The significant positive rela-
tionship shows that innovation in business models improves ESS market
performance, indicating better value creation and competitiveness. It
reflects the increasing adoption of ESS technologies over the last five
years, highlighting sustained market growth and expansion. Addition-
ally, it indicates that profitability has improved with smart grid in-
novations, suggesting higher efficiency and better return on investment
(ROI). Overall, the findings imply that business model innovation and
smart grid advancements contribute not only to technological adoption
but also to stronger financial performance and market expansion.

6. Discussion and findings

The model comprises 561 different sample moments and 462 ° of
freedom. All indicators specified to their common factors in this study
model have a high standardized factor loading. The related tables pro-
vide all the analytical results for the study model. The proposed model
has strong convergent and discriminant validity; the findings for validity
parameters are provided in Tables 2 and 3. Table 4 shows that all hy-
potheses were significant. The table contains regression estimates for
standardized and unstandardized path coefficients and their significant
value. Positive path coefficients are present in all path coefficients. The
results indicate that profitability is an important factor in improving the
energy storage market's performance, followed by competitiveness in
the market, technological development, organizational learning ability,
customer satisfaction, environmental performance, and social perfor-
mance. The findings suggest enterprises should consider their environ-
mental performance to detect consumer needs and competition by
exploring new marketing opportunities and business models. The results
of this research model imply that the parameters listed in Table 6 for the
fit indices are appropriate. From Fig. 4. profitability is a very important
factor for improving performance in the energy storage market through
innovation in a grid structure, followed by competitiveness in the
market, technological development, organization learning ability,
customer satisfaction, environmental performance, and social perfor-
mance. All these factors positively impact on the performance growth of
the energy storage market. The results of SEM analysis are as follows: (1)
Profitability influences business model innovation in the power in-
dustry; therefore, the advantages of storage systems in smart grids and
their long-term financial benefits are vital for the sector’s social mar-
keting and performance. (2) Market competitiveness positively affected
business model innovation in the electricity sector, demonstrating that
cost competition in the industry and customer interactions affect future
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demand and investment returns. (3) Technological development posi-
tively impacts business model innovation in the power industry as it
allows solving complicated problems and developing new solutions
while considering the varied viewpoints provided by knowledge usage.
(4) Organizational learning ability positively impacts business model
innovation in the power industry because it aids in creating, retaining,
and transferring knowledge inside an organization, which improves over
time as it acquires experience. (5) Customer satisfaction positively im-
pacts business model innovation in the power sector, as it is an impor-
tant indicator that predicts business growth and revenue generated
through innovative technology (energy storage). Also, it’s a crucial
component of a business’s objectives for retaining consumers. (6) It is
essential to evaluate CO2 emission savings from the environment since
they are connected to pro-environmental behaviors because environ-
mental performance will strongly influence business model innovation
in the power industry. (7) Finally, social performance pressure has
positively impacted business model innovation in the power sector
because social confidence is an important factor for deploying any new
technology to achieve sustainable energy systems with greater accep-
tance of energy storage technologies. As a result, studying these causal
links assists us in properly comprehending and identifying crucial ele-
ments related to the innovation of new technology, which in turn aids in
enhancing the ESS market.

The findings indicate that business models emphasizing profitability,
technological advancement, and market competitiveness are most
effective in the energy storage sector. Specifically, models emphasizing
value-added services through smart grid integration, performance-based
contracting, and customer-centric innovation are preferred, as they
align economic viability with technological progress and user engage-
ment. In terms of technology, advanced battery systems, intelligent
energy management platforms, and grid-interactive storage technolo-
gies are key enablers. Consumer response is expected to be positively
influenced by improved service reliability, lower energy costs, and
participation in demand-side programs. The social marketing benefits of
promoting long-term financial gains from storage systems will enhance
consumer awareness and adoption. Table 8 summarizes how each factor
drives specific business model preferences, technologies needed and
expected consumer outcomes. Thus, the study demonstrates that in the
smart grid-driven energy landscape, performance gains are ‘unlocked’
not merely through technological advancement, but through business
model innovation that aligns these capabilities with market and sus-
tainability objectives.”

6.1. Strategic implications of business model innovation for shaping
energy futures

This study plays a significant role in understanding how business
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Table 8

Business models, technologies, and consumer impact.
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Factor Preferred business model Technologies needed Stakeholder-specific outcomes (India Context)
Profitability - Energy-as-a-Service (EaaS) - Battery Energy Storage Systems - Distributed Storage Integrators: Reduced capital burden,
- Pay-per-use or leasing models (BESS) scalable deployment
- Al-driven energy optimization - Financing Institutions: New financing models and revenue
platforms streams
- Consumers (urban & rural): Lower upfront costs and
affordable energy access
Market -Dynamic pricing models - Smart meters Grid Companies (DISCOMs): Better demand-side
Competitiveness - Platform-based energy trading - Blockchain for P2P trading management
- Energy Startups/Platforms: Growth in P2P trading
ecosystems
- Regulators: Need for transparent and competitive pricing
frameworks
Technological Innovation-driven models (e.g., R&D - Grid-integrated storage Grid Operators: Improved grid stability and flexibility
Development partnerships, tech incubators) - Advanced forecasting and control - Tech Providers: Increased demand for advanced solutions
systems - Policymakers: Encouragement of domestic innovation and
“Make in India” initiatives
Organizational Adaptive and collaborative models - Internal digital platforms Energy Firms: Improved strategic decision-making
Learning - Knowledge-sharing networks - CRM and ERP systems with - Integrators: Faster adaptation to regulatory and market

Customer Satisfaction

Environmental
Performance

- User-centered models

- Bundled services (storage + maintenance +

insights)

Green energy models
- Carbon-credit integrated offerings

learning analytics

- Mobile apps for energy use
tracking

- Personalized energy management
tools

- Renewable integration tech

- Carbon tracking software

changes

- Consumers: Better service quality and responsiveness

- Service Providers: Higher customer retention and
engagement

- Consumers: Ease of use, transparency, and trust

- Digital Platforms: Expansion of smart energy services

- Policymakers: Progress toward net-zero and sustainability
goals

Social Performance Inclusive business models (targeting rural/low-

income groups)

Decentralized mini-grid systems
- Low-cost battery tech

- Energy Firms: Participation in carbon markets

- Society: Reduced emissions and cleaner energy adoption

- Government & NGOs: Rural electrification and energy
inclusion

- Startups: Opportunities in decentralized energy markets

- Communities: Improved energy access and socio-economic
development

model innovation (BMI) are important in the energy storage sector and
responds to future energy market. Energy futures—deals with financial
derivatives, predicting future energy prices and strategic anticipations of
long-term energy transitions—to adapt their models and operations to
future-oriented uncertainties and opportunities. This research contrib-
utes by identifying the critical enablers driving innovation in business
models and highlighting their implications for the evolution of the en-
ergy market in India.

Firstly, profitability, identified as the most influential driver in this
study, is closely linked to energy futures. Energy futures markets provide
forward pricing signals that help storage providers and utilities forecast
revenue streams, manage investment risks, and determine the financial
viability of long-duration storage projects. The importance of aligning
future pricing expectations with innovative service offerings is empha-
sized by demonstrating how profitability influences business model
decisions, including energy-as-a-service (EaaS), time-of-use arbitrage,
and shared ownership. These models depend on predictable long-term
returns, which are shaped by expectations in energy futures markets.
Secondly, market competitiveness reflects the increasing liberalization
and decentralization of the electricity market, where energy futures
inform bidding strategies, peak load planning, and infrastructure in-
vestment decisions. Consequently, the results provide a roadmap for
designing adaptive business models capable of remaining viable across
diverse future energy price scenarios. Thirdly, technological develop-
ment is a response to and a determinant of energy futures. Emerging
technologies such as grid-scale battery storage, Al-powered energy
management, and blockchain-enabled peer-to-peer trading are creating
new possibilities for energy futures trading and real-time market oper-
ations. The study demonstrates that firms must innovate to address
current needs while remaining relevant in a future characterized by
digitalized, decarbonized, and decentralized energy systems. By linking
these innovations to practical business models, the research highlights
how technology adoption today establishes the foundation for future
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energy strategies.

Moreover, organizational learning and customer satisfaction are
crucial to navigating and capitalizing on future energy market shifts.
Firms that build internal capabilities for sensing market trends and
rapidly innovating in response are better positioned to benefit from
long-term transitions, such as the shift to prosumer-based grids or dy-
namic pricing regimes informed by futures markets. Additionally,
ensuring high customer satisfaction through transparent, affordable,
and sustainable services will be essential to foster public trust in future-
facing energy systems. Finally, by incorporating environmental and
social performance into the business model innovation framework, this
study aligns with the broader objectives of energy futures, which are
increasingly influenced by sustainability targets, ESG compliance, and
principles of a just transition. The results imply that future business
models must be economically viable, socially inclusive, and environ-
mentally resilient—key pillars of long-term energy planning and policy.

Hence, this study contributes to shaping energy future thinking by
offering a multi-dimensional view of the factors determining business
models' success in a rapidly evolving energy ecosystem. It enables
stakeholders to bridge current capabilities with future needs, ensuring
that innovation today leads to sustainable, profitable, and inclusive
outcomes in tomorrow's energy sector.

7. Theoretical and managerial implications

Building information modeling is considered a revolutionary dis-
covery in the electricity industry. This model demonstrates how these
variables may positively or negatively impact the expansion of the en-
ergy storage market in the power sector and figure out how to capture
the prospects of a sustainable future. The industry can help to revitalize
the value of the energy storage sector through the factors that influence
business model innovation. This study helps to identify how businesses
may utilize their business models to commercialize ideas and technology
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while also profiting by providing value to their consumers. Also, to
achieve continuous development in the storage market and realize
business model innovation, it is crucial to strengthen the organization's
learning ability as per employee satisfaction, discover how to manage
customer satisfaction, control technology development to create
maximum profitability at low-cost investment, adapt to the ever-
changing external environment. The energy storage markets must
examine several impacting factors to reduce cognitive biases. Firms
should leverage the advancement of information and technology to in-
crease efficiency and effectiveness. These results give important guide-
lines and suggestions for enhancing the performance of the energy
storage market through innovation in business models. Furthermore, the
market should focus on cultivating its employees’ innovation capability
and consciousness. The market should examine the internal and external
factors influencing an industry’s business model innovation. According
to the managerial perspective, the electricity service provider should
focus on generating profitability of innovative models considering
market competitiveness, technological development, organizational
learning ability, customer satisfaction, environmental performance, and
social performance to improve energy storage market performance.
They must also grasp how storage improves renewable energy systems
and smart appliances.

8. Conclusion

This paper helps managers to understand why business innovation is
considered important for the energy storage sector and how it helps
grow the market by reducing obstacles to renewable energy consump-
tion, benefiting the economy and the environment. The paper's out-
comes support the idea that innovations conducted in firms have a
positive significance in improving performance. Business model inno-
vation has a major impact on company performance, making it an
essential invention for the energy industry. Growth plans need innova-
tion to enter new markets, increase market share, and gain a competitive
edge. Companies have begun to recognize the significance of innovation
because of increased competition in global marketplaces. Upgrading the
power sector is considered a remarkable innovation that is contributing
to ESS market growth. As a result, knowing the variables influencing the
growth of the energy storage industry is becoming increasingly critical
for businesses interested in constructing more efficient grid systems.
This research aimed to answer questions about which factors are critical
for business model innovation in smart grids and how these aspects
affect the performance of the energy storage industry. In this article, a
structural model comprising numerous factors influencing the perfor-
mance rate of an ESS market is empirically tested. As it enables aca-
demics to use cutting-edge data in their research, structural equation
modeling is helpful. CFA is applied to assess the validity and reliability
of the research model. Meanwhile, SEM is used to determine whether a
model is suitable for its intended purpose and to validate the underlying
premise of the model. This model gives empirical insights into how these
factors might affect business model innovation and the expansion of the
energy storage sector, both favorably and adversely. This study's find-
ings may apply to various economies and regulated companies. Under-
standing the precise nature of innovations will assist organizations in
prioritizing market and technological strategies, which a suitable action
plan will follow. From a theoretical perspective, the study extends the
literature by empirically validating the interconnected role of strategic,
operational, and social factors in shaping energy sector innovation.
Practically, it provides a roadmap for stakeholders to prioritize in-
vestments and policy measures that support BMI for long-term energy
sustainability.
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8.1. Limitations and future scope

The study incorporates respondents from diverse stakeholder groups,
each contributing distinct perspectives to ensure a comprehensive
analysis. Industry professionals provide practical insights into opera-
tional performance and implementation challenges, while government
and policy respondents offer an understanding of regulatory frameworks
and market development. Academic respondents contribute theoretical
and analytical perspectives, and technology experts highlight advance-
ments in smart grid and energy storage technologies. Financial re-
spondents provide insights into investment feasibility and risk
assessment, whereas consultants and industry analysts offer strategic
and cross-sectoral viewpoints. Together, these perspectives enable a
holistic understanding of the factors influencing energy storage market
performance. Although the study includes respondents from diverse
stakeholder groups, their views may not fully represent all key decision-
making entities influencing the Indian energy storage market. In
particular, the representation of higher-level policymakers and
emerging private sector innovators may be limited. Therefore, the
findings should be interpreted with caution, and future studies are
encouraged to include a broader and more targeted sample of decision-
makers. Futhermore, the geographic scope is limited to India, which
may restrict the generalizability of the findings to other countries with
different regulatory, economic, and technological environments.

Future research can build on this work by including longitudinal
data, exploring region-specific regulatory impacts, or integrating con-
sumer behavior more directly into the model to assess adoption and
usage of storage technologies. Building on the strong mediating role of
business model innovation observed in this study, future research can
explore several promising directions. First, the inclusion of moderating
variables such as regulatory support, firm size, and market maturity may
provide deeper insights into the conditional effects of BMI on perfor-
mance. Second, longitudinal studies are needed to capture the dynamic
evolution of business model innovation and its long-term impact on
performance outcomes. Third, given the relatively strong influence of
profitability and competitiveness on BMI, future work may investigate
how financial and market pressures drive different forms of business
model transformation. Additionally, the integration of emerging digital
technologies such as Al and IoT offers a fertile ground to examine how
digitalization enhances BMI effectiveness. Finally, extending this
framework across different industries and incorporating sustainability-
oriented innovation perspectives can further enrich the understanding
of BMI as a strategic mechanism for achieving superior performance.
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Appendix A. The scale and items

Organization Learning Ability (OLA)

OLA—1: Organization’s learning ability is the key to competitive advantage.
OLA—2: Learning ability improves the basic values of this organization

OLA-3: It is a key commodity necessary towards organizational survival.
Technological Development (TD)

TD—1: Technological capability significantly relate to firm performance.

TD—2 Technological development brings operational benefits to firm

TD—3: Technological development may lead to new and better ways to treat and solve the social problem
TD—4: Technological development brings out efficiency in system

Customer Satisfaction (CS)

CS—1: Emphasize innovative/modern actions to increase customer retention

CS—2: Actions were incorporated in order to strengthen customer relationships.
CS—3: Consumer attitude and consumer relation is valuable

CS—4: Employee satisfaction is critical in business model innovation
Competitiveness in market (CM)

CM—1: Competition among market provide motivation for new technology

CM—2: Competitive advantage is considered as important part for BMI

CM-—3: Knowledge about different competitive technologies in market is important
CM—4: Cost competition is important while innovation

Profitability (PR)

PR—1: Revenue Growth should be considerably high

PR—2: Economic value should be considerably added

PR—3: Return on assets, services, investments should be high

Environmental Performance (EP)

EP—1: How concerned are you about the environment & pollution

EP—2: Environment Projects keep on priority

EP—3: Considering Recyclables units

EP—4: Considering Pollutant’s emission during innovation

Social Performance (SP)

SP—1: Social Projects are part of business innovation

SP—2: Being socially responsible is a way to promotes competitiveness.

SP—3: Social performance is essential part of sustainable innovation

SP—4: Minority employments should be considered

Business Model Innovation (BMI)

BMI—1: Grid industry prefer to upgrade system with new technology in grid
BMI—2: In the upcoming future storage technologies is a very important need
BMI—3: Deployment of battery integration in grid is necessary

BMI—4: How likely innovation is important in terms of range and usage satisfaction
Performance of energy storage market (PF. ESM)

PF ESM-—1: Improvement in innovative business model, result in greater ESS market performance.
PF_ESM—2: Introduction of ESS technology has increased over the last 5 years

PF ESM-—3: Overall profitability of energy storage market increased with innovation in grid.

Appendix B

(1) Descriptive statistics for measured variables

Construct Variable Mean Std. Deviation Variance Skewness Kurtosis
Statistic SE Statistic Statistic Statistic SE Statistic SE

OLA-1 4.89 .098 1.330 1.770 -.404 179 -.539 .356
OLA-2 4.99 .095 1.282 1.645 -.571 179 -.202 .356
OLA-3 5.07 .089 1.210 1.465 -.361 179 -.383 .356
TD-1 5.48 .091 1.237 1.530 -.607 179 -.323 .356
TD—-2 5.43 .088 1.194 1.47 -.512 179 -.467 .356
TD-3 5.55 .092 1.253 1.571 -722 179 -.149 .356
TD—-4 5.48 .088 1.192 1.420 -.578 179 -.345 .356
CS-1 5.55 .084 1.135 1.287 -.656 179 .103 .356
CS-2 5.59 .081 1.098 1.205 -.840 179 914 .356
CS-3 5.65 .083 1.126 1.268 -.871 179 787 .356
CS—4 5.57 .083 1.129 1.274 -.800 179 1.062 .356
CM-1 5.64 .072 .976 .953 -.938 179 1.740 .356
CM-2 5.66 .073 .995 .990 -.931 179 1.428 .356
CM-3 5.72 .072 973 .947 -.881 179 1.620 .356

(continued on next page)
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(continued)
Construct Variable Mean Std. Deviation Variance Skewness Kurtosis
CM—-4 5.61 .072 974 .949 -.810 179 1.472 .356
PR-1 5.99 .066 .899 .809 -.753 179 .366 .356
PR-2 5.85 .068 .926 .858 -.662 179 452 .356
PR-3 5.97 .068 .923 .851 -.694 179 114 .356
EP-1 5.28 .084 1.138 1.294 -.652 179 .582 .356
EP-2 5.30 .083 1.132 1.282 -.701 179 .937 .356
EP-3 5.30 .090 1.216 1.478 -.555 179 .103 .356
EP—4 5.29 .083 1.130 1.277 -.633 179 723 .356
SP-1 5.71 .090 1.214 1.474 -.838 179 .331 .356
SP-2 5.73 .088 1.193 1.423 -.729 179 -.244 .356
SP-3 5.71 .087 1.174 1.378 -.701 179 -.114 .356
SP—4 5.60 .087 1.179 1.389 -.753 179 .207 .356
BMI-1 6.27 .063 .857 734 —1.292 179 1.802 .356
BMI-2 6.24 .066 .898 .806 —1.224 179 1.299 .356
BMI-3 6.48 .053 724 .524 —1.383 179 1.595 .356
BMI-4 6.18 .064 .865 749 -1.174 179 1.773 .356
PF_ESM—-1 6.30 .069 1942 .888 —1.876 179 5.373 .356
PF_ESM-2 6.16 .071 .967 .935 —1.873 .179 5.866 .356
PF_ESM-3 6.29 .071 .957 917 —1.986 179 5.702 .356
(2) Non-Response Test

Construct Variable N Mean Std. Deviation t-Statistic Sig. (2- tailed)
OLA Early 80 5.05 1.194 -.216 .829

Late 80 5.09 1.236
TD Early 80 5.47 1.203 -.538 .592

Late 80 5.57 1.056
CS Early 80 5.63 1.100 212 .833

Late 80 6.60 .967
CM Early 80 5.61 .940 -.759 .450

Late 80 5.73 .892
PR Early 80 5.70 .834 —1.035 .357

Late 80 6.11 .802
EP Early 80 5.26 1.164 —1.008 .316

Late 80 5.45 .947
SP Early 80 5.58 1.191 -.612 542

Late 80 5.70 1.021
BMI Early 80 6.23 739 -.859 .393

Late 80 6.34 714
PF_ESM Early 80 6.30 .868 .875 .384

Late 80 6.18 .949

Data availability
Data will be made available on request.
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