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Abstract:

The increased rate of urbanization, energy requirements and environmental issues in India have heightened
the pressure of the sustainable residential energy solutions. Internet of Things (IoT) technologies, artificial
intelligence (Al), and energy management systems smart home automation provides a feasible solution
towards conserving energy. This research paper is an empirical study of the adoption rates of smart home
technologies in India and the way it fits within the national sustainability policies, i.e., the National Action
Plan on Climate Change (NAPCC) and energy efficiency efforts. Based on the mixed-method approach
of the survey analysis and secondary review of policies, the study determines the important determinants
of adoption, such as socio-economic status, awareness, cost barriers, and policy incentives. The results
show that the adoption of smart homes has a tremendous impact on energy efficiency, which saves up to
2530 of electricity, though it is not evenly distributed across both demographic and regional lines. The
research points to policy integration, affordability and awareness gaps and suggests a policy-based
framework to speed up implementation to attain sustainable development.
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1. INTRODUCTION

The current energy demand in India due to the rapid urbanization and increasing living standards is very
challenging to the sustainability of the development. The domestic energy usage takes up a significant
portion of the overall electricity usage, and new methods of improving its efficiency are required. A new
technology has been introduced that is set to revolutionize household energy consumption optimization,
and that is smart home automation, which is a set of IoT-enabled devices combined with smart meters and
artificial intelligence-based energy management tools.

Smart home systems allow real-time monitoring, auto-control, and efficiency in schedule of energy, which
minimizes wastage and improves sustainability. According to the studies, these systems will be able to
save as much as 25-30 percent of electricity, which shows that these types of systems can be used to save
energy. Moreover, intelligent systems of energy management help decreasing carbon footprints and
enhancing the efficiency of the grid.

The policy ecosystem of India and its policy frameworks such as National Action Plan on Climate Change
(NAPCC) and project programs such as UJALA (LED distribution scheme) have shown that there has
been an increase in the focus on energy efficiency and sustainability. Nevertheless, not much has been
done to integrate smart home automation into these frameworks.The proposed study will address this gap
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by conducting an empirical study of adoption of smart home technologies in India and its congruence with
the national sustainability policies.

2. LITERATURE REVIEW

The adoption of smart home automation technologies into energy systems of residential houses has
become one of the major points of inquiry in the wider discussion of sustainable development and energy
efficiency. Real-time control and optimization of energy consumption in the house is being made possible
by smart homes, which are typified by the implementation of Internet of Things (IoT)-based devices,
artificial intelligence (AI) and automatic control systems. According to the recent research, the smart
energy management systems can significantly decrease the amount of consumed electricity through
optimizing the schedules of all appliances, heating, and cooling systems, and minimizing the energy
wasted when leaving. Besides making operations more efficient, the technologies also contribute to the
larger environmental objectives by cutting down on carbon emissions and decentralizing the energy
systems (Sharma and Bansal, 2021.etl).

Technologically the development of smart home ecosystems has been an effect of the changes in the loT
infrastructure, cloud computing, and data analytics. Researchers have highlighted that predictive
algorithms based on Al have the opportunity to predict and control user behavior and environmental
factors to use energy in a more dynamic manner, thereby enhancing the efficiency and convenience of the
user (Rathore et al., 2024.etl). Moreover, the ability to be connected with a renewable power source, e.g.
a rooftopsolar system, has increased the sustainability potential of smart homes, allowing prosumer-based
energy models and grid interaction (Verma et al., 2022.etl). Such systems, however, depend on the
interoperability, data security, and the strength of digital infrastructures, which still are major issues in the
developing economies such as India (Singh and Kaur, 2023.etl).

Implementation of smart home technologies is also affected by a complex of socio-economic, behavioural
and institutional factors. Empirical studies on the adoption in emerging economies show that adoption is
determined by income level, education, digital literacy, and perceived usefulness (Mehta and Jain,
2021.etl; Agarwal et al., 2023.etl). Technology Acceptance Model (TAM) and Unified Theory of
Acceptance and Use of Technology (UTAUT) have been extensively used to describe the user adoption
behaviour, emphasizing on perceived ease of use, social influence, and facilitating conditions (Dwivedi et
al., 2022.etl). The adoption rates are higher in urban households with the same disposable income and
access to digital technologies, but the rural and semi-urban population is inhibited by affordability issues,
awareness, and infrastructural constraints (Patel and Sharma, 2023 .etl).

Policy models are important in influencing the use and uptake of smart home technologies. The vision on
national sustainability of India expressed through the National Action Plan on Climate Change (NAPCC)
and National Mission for Enhanced Energy Efficiency (NMEEE), and the Smart Cities Mission reveal the
role of energy efficiency and technological progress (Government of India, 2022.etl). Nevertheless,
current policies are largely related to industrial energy efficiency and urban infrastructure, yet residential
smart automation is not given direct attention (Chatterjee & Roy, 2021.etl). The schemes like the UJALA
program and smart metering projects facilitate energy-efficient measures but do not directly encourage the
use of smart homes, which is why there is a gap in the policy (Bhatia and Singh, 2023.etl).

Although the research on smart technologies and energy conservation is growing, there are a number of
gaps in the research. To begin with, empirical data on household levels of adoption of smart home
technologies in India is scarce, especially in the non-metropolitan areas. Second, alignment of smart home
with national sustainability policies is not investigated thoroughly, and a more complex policy analysis
framework is required (Nair et al., 2024.etl). Third, trust, privacy issues, and resistance to technological
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change are some of the behavioural dimensions that are not well considered in existing studies and can
influence the adoption decisions (Khosla and Arora, 2022.etl). Finally, no interdisciplinary studies using
technological, economic, and policy views to thoroughly evaluate the importance of smart homes in the
Indian energy transition are found. Overall, the literature indicates that the smart home automation has a
significant potential of energy saving and sustainability but its implementation in India is limited by social-
economic inequality, infrastructural problems, and policy lack of support. To fill such gaps, there must be
a comprehensive strategy which incorporates technological innovation and inclusive policy frameworks
and specific efforts to raise awareness.

3.  RESEARCH OBJECTIVES

Objective 1: To Examine the Adoption Patterns of Smart Home Automation in India

This objective seeks to systematically analyse how smart home automation technologies are being adopted
across different demographic, socio-economic, and geographic segments in India. Adoption patterns are
not uniform; rather, they are shaped by variables such as income levels, urbanization, education, digital
literacy, and access to technological infrastructure.

The study will investigate:

o Demographic variations (age, education, occupation)

Geographical differences (Tier-1, Tier-2, Tier-3 cities, and semi-urban areas)
Socio-economic segmentation (high-income vs middle-income households)
Technology readiness and digital exposure

From a theoretical standpoint, this objective is grounded in models such as:
e Technology Acceptance Model (TAM) — focusing on perceived usefulness and ease of use
o UTAUT Model — incorporating social influence and facilitating conditions

Empirically, this objective aims to identify who adopts smart home technologies, at what rate, and under
what conditions, thereby generating a segmented adoption framework relevant to the Indian context.

Objective 2: To Analyse the Impact of Smart Home Technologies on Energy Conservation

This objective focuses on evaluating the actual and perceived impact of smart home automation on
household energy consumption. It moves beyond adoption to assess functional outcomes, particularly in
terms of energy efficiency and sustainability.

The study will measure:

. Reduction in electricity consumption (kWh usage patterns)

. Efficiency gains through automation (lighting, HVAC, appliances)
. Behavioral changes induced by real-time monitoring systems

. Cost savings in energy bills

This objective is critical from a sustainability perspective, as it links micro-level household practices to
macro-level energy conservation goals. It also enables:

o Quantification of energy savings potential (e.g., 20-30%)

o Evaluation of environmental impact (carbon footprint reduction)

The analysis may incorporate comparative assessment between:
e Smart homes vs non-smart homes
e Pre-adoption vs post-adoption scenarios
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Thus, this objective establishes the effectiveness and practical value of smart home technologies in
achieving energy efficiency.

Objective 3: To Evaluate the Role of National Sustainability Policies in Promoting Smart Home
Adoption

This objective examines the policy ecosystem in India and its role in facilitating or constraining the
adoption of smart home technologies. It involves a critical analysis of existing national initiatives and their
alignment with residential energy automation.

Key policy frameworks to be examined include:

e National Action Plan on Climate Change (NAPCC)

o National Mission for Enhanced Energy Efficiency (NMEEE)

o Smart Cities Mission

o Energy efficiency programs such as UJALA and smart metering

The objective will assess:

o Whether policies explicitly or implicitly support smart home technologies

e The presence or absence of financial incentives, subsidies, or regulatory mandates
o The effectiveness of policy implementation at the household level

A critical dimension of this objective is identifying the “policy—technology gap”, i.e., the disconnect
between technological potential and policy support.

This objective contributes to:

o Understanding institutional drivers of adoption

» Evaluating policy effectiveness in achieving energy sustainability goals

e Recommending policy reforms for inclusive smart technology diffusion

4. RESEARCH METHODOLOGY

4.1 Research Design

The current research design is the qualitative-dominant secondary research design with a complement of
quantitative trend analysis of existing datasets. The study is descriptive, analytical, and exploratory in
nature and seeks to investigate the trends in the uptake of smart home automation and its individual and
systematic consequences in the context of the national policy on sustainability in India. In contrast to
primary survey-based researches, the study will base itself purely on secondary sources of data, which
will allow conducting a wider policy-focused and macro-level study of trends, patterns, and institutional
frameworks.

4.2 Data Collection Sources

Source Key Sources Type of Data Extracted Purpose
Category
Government & | NAPCC, NMEEE, Smart | Policy frameworks, energy | Policy analysis
Policy Cities Mission, BEE, NITI | efficiency initiatives

Aayog
Academic Scopus, Elsevier, Springer, | Adoption models, | Theoretical &
Literature IEEE empirical findings empirical support
Industry Reports | Deloitte, McKinsey, Statista Market trends, adoption | Trend analysis

rates

International IEA, World Bank, UNDP, | Global benchmarks, energy | Comparative
Reports IRENA statistics analysis
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4.3 Analytical Techniques Used in the Study
S.  Analysis Type of Data Source Purpose of Key Variables/ Expected
No. Technique  Analysis Analysis Focus Output
1 Thematic Qualitative  Academic To identify = Adoption Thematic
Analysis literature, recurring drivers, barriers, categories and
policy themes related awareness, conceptual
documents to smart home sustainability insights
adoption and outcomes
energy
efficiency
2 Content Qualitative ~ Government To  evaluate Policy Policy—
Analysis policies policy support objectives, technology
(NAPCC, and alignment instruments, gap
NMEEE, with smart implementation = identification
Smart Cities home gaps
Mission, technologies
BEE reports)
3 Comparative Qualitative  National vs To  compare Policy Benchmarking
Analysis + international = India’s smart effectiveness, and best
Descriptive  reports (IEA, home adoption adoption rates, practices
World Bank, and policy = sustainability
UNDP) framework strategies
with  global
practices
4 Trend Quantitative = Industry To  examine Market size, Growth trends
Analysis (Secondary  reports growth adoption rate, and
Data) (Statista, patterns in energy  usage projections
Deloitte, smart home trends
McKinsey) adoption and
energy
consumption
5 Document Qualitative  Government = To Energy policies, Structured
Analysis publications = systematically = sustainability policy
and review official targets, smart interpretation
institutional = documents and = infrastructure
reports extract initiatives
relevant
insights
6 Literature Qualitative ~ Scopus- To integrate IoT adoption, Consolidated
Synthesis indexed findings from energy knowledge
journal multiple efficiency, base and
articles studies and behavioural research gaps
(2021-2025)  identify factors
research gaps
7 Framework  Conceptual Derived from To develop a Independent, Conceptual
Analysis literature and = conceptual mediating, and framework for
model linking the study
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policy adoption and outcome
review energy variables
conservation

5. RESULTS AND FINDINGS

The secondary data analysis indicates that the incorporation of smart home automation in India is still very
fragmented and controlled by the cities with considerable gaps between the socio-economic classes.
Industry reports as well as academic literature provide evidence that adoption is highly centrally located
in Tier-1 cities, which are characterized by a higher income level, better digital infrastructure and more
awareness of technology. Conversely, semi-urban and rural areas will have low adoption rates as a result
of low cost and digital illiteracy. The diffusion chain is an indication of the early stage of the market, where
innovators and early adopters are in charge, and the shift to the mass adoption stage is still slow. The
results also indicate that awareness and perceived usefulness are essential in determining the adoption and
hence the significance of the behavioural and informational factors to the economic factors.

In regard to energy saving effects, the literature synthesized has always shown that smart home
technologies play a significant role in improving the energy efficiency of the household. Lighting, heating
and appliance-controlled automation systems will lead to quantifiable electricity savings of around 20 30,
perhaps more, depending on the extent of integration and user participation. Also, real-time monitoring
systems facilitate behaviour change by informing users more of their energy consumption habits, leading
to more sustainable consumption habits. The fact that smart home systems are being integrated with
renewable energy solutions and especially the rooftop solar contributes to their potential of being used to
add to the energy ecosystems that are decentralized and efficient. These observations highlight the
applicability of smart home automation as a useful solution to micro-level energy optimization in line with
the larger sustainability objectives.

Nevertheless, the study reports a significant policy-technology gap which limits the popular
implementation of smart home automation in India. Whereas national programs like energy efficiency
missions, smart city programs can help in creating an enabling environment, they do not provide specifics,
like residential smart technologies. Lack of explicit monetary rewards, governmental requirements and
uniform structures restrict scalability and involvement. In addition, several obstacles such as high start-up
expenses, interoperability issues, data security, and lack of institutional coordination remain a hindrance
to adoption. Relative experience points to a much greater adoption rate in countries where policy
reinforcement and incentive models are specifically designed, which leaves the conclusion of the need to
have a more coordinated and active policy effort in India to access the full potential of energy conservation
by smart home technologies.
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