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ABSTRACT: Buildings stand as voracious consumers of primary energy worldwide, accounting for 40% of total
energy consumption. Amidst the depletion of conventional energy sources, the emergence of Zero Energy Buildings
(ZEBs) is gaining momentum. ZEBs are residential or commercial structures engineered to minimize energy
requirements through enhanced efficiency measures, thereby relying predominantly on renewable energy technologies
to meet residual energy demands. The escalating energy consumption in the rapidly evolving global landscape has
sounded alarms for energy resource depletion and environmental degradation. Coupled with population growth and
escalating demand for luxury and comfort, energy consumption is poised to surge. In light of these challenges, this
paper underscores the imperative for private commercial property owners and various levels of government in India—
ranging from state to local authorities—to embrace the transition towards ZEBs. By offering an overview of this
emerging need, the paper delineates the regulatory obligations necessitating concerted efforts towards achieving zero
energy building targets within the Indian context.

KEYWORDS: Renewable energy technology, Emerging need, Indian context, Conventional energy, Zero energy
building.

I. INTRODUCTION

Buildings globally account for a significant portion of primary energy consumption, with an estimated 40% of total
energy usage attributed to their operations [1]. In the wake of increasing concerns regarding energy sustainability and
environmental preservation, the concept of Zero Energy Buildings (ZEBs) has garnered considerable attention. ZEBs
represent a paradigm shift in architectural and engineering practices, aiming to significantly reduce energy demands
through enhanced efficiency measures and renewable energy integration [2]. With the depletion of conventional energy
sources and escalating environmental degradation, the imperative to transition towards sustainable building practices
has become increasingly apparent [3].

India, a rapidly developing nation with a burgeoning population and growing urbanization, stands at the
forefront of this global sustainability challenge. The country's energy consumption trajectory, coupled with a rising
demand for modern amenities and infrastructure, underscores the urgency to adopt innovative approaches towards
energy-efficient building design and construction [4]. Against this backdrop, a comprehensive review of the status quo,
challenges, and prospects of ZEB implementation within the Indian context becomes imperative.

This paper aims to provide a critical examination of Zero Energy Buildings in India, elucidating the evolution
of ZEB concepts, technological advancements, policy frameworks, and practical implications. By synthesizing insights
from a diverse array of scholarly research [5-11], governmental publications, and industry reports, this review
endeavors to bridge the gap between the vision of sustainable building practices and their realization in the Indian built
environment. Additionally, this paper seeks to delineate the roles and responsibilities of various stakeholders, including
private commercial property owners, governmental agencies at the state and local levels, and regulatory bodies, in
fostering the transition towards ZEBs.
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Through an in-depth analysis of existing literature and empirical evidence, this review aims to offer actionable
recommendations for policymakers, urban planners, architects, engineers, and other key stakeholders involved in the
built environment sector. By shedding light on the challenges and opportunities inherent in the journey from vision to
reality, this paper endeavors to catalyze informed decision-making and spur concerted efforts towards achieving zero
energy building targets in the Indian context..

II. LITERATURE REVIEW

Buildings stand as significant contributors to global energy consumption, accounting for 40% of the total energy
consumed worldwide (Saravan Devraj et al., 2018). Amidst growing concerns over energy depletion and environmental
degradation, the concept of Zero Energy Buildings (ZEBs) has emerged as a promising solution. ZEBs are
characterized by greatly reduced energy needs achieved through efficiency improvements, with residual energy
requirements met using renewable technologies (Torcellini et al., n.d.). In India, where rapid urbanization and
industrialization pose substantial challenges to sustainability, the adoption of ZEBs is increasingly crucial.

India's energy landscape is rapidly evolving, with escalating energy demands driven by population growth and
increasing expectations for comfort and luxury (Dixit et al., n.d.). This trajectory necessitates a paradigm shift towards
sustainable building practices, with ZEBs poised to play a pivotal role. Agrawal and Kumar (2013) underscore the
energy-efficient approach inherent in ZEBs, emphasizing their potential to mitigate the environmental impact of
burgeoning energy consumption.

Regulatory frameworks also play a crucial role in driving the transition towards ZEBs. The ANSI/ASHRAE/IESNA
Standard 90.1-2001 sets energy standards for buildings, providing guidelines for energy-efficient design and
construction (ASHRAE, 2001). Moreover, governmental initiatives and policies, such as India's first net zero energy
building, as reported by The Hindu (n.d.), highlight the growing recognition of ZEBs as a viable solution to India's
energy challenges.

Research efforts have focused on various aspects of ZEB design and implementation. Studies have explored the role of
window glazing in daylighting and energy savings (Hee et al., n.d.), as well as the design considerations for zero energy
residential buildings (Thakare et al., 2020). Moreover, comprehensive reviews have been conducted to assess the
current state of ZEBs in India, examining their feasibility, challenges, and potential impact (Devraj et al., 2018; Jain &
Gupta, 2020).

Despite these advancements, challenges persist in realizing the vision of ZEBs in the Indian context. Issues such as
cost-effectiveness, technological barriers, and lack of awareness remain significant hurdles (Pérez-Lombard et al., n.d.).
Nonetheless, with concerted efforts from private stakeholders, government agencies, and research institutions, the
transition towards ZEBs in India is gradually becoming a reality.

In conclusion, the literature reviewed underscores the urgent need for sustainable building practices in India and
highlights the potential of ZEBs to address energy challenges while reducing environmental impact. By providing
insights into the current state of ZEB research, regulatory frameworks, and implementation efforts, this paper aims to
contribute to the realization of ZEBs in the Indian context

1. METHODOLOGY

Methodology for Affordable Zero Energy Home Design & Construction

1.Smart Design Foundation: Initiate the design process with a focus on cost-effective measures for achieving
zero net energy homes. Collaboration between designers, architects, builders, and homeowners ensures integration
of energy-efficient measures seamlessly into the design.

2.Solar Tempering Implementation: Utilize solar tempering techniques to harness the sun's heat during winter

through south-facing windows while mitigating cooling costs in summer through shading. Integration of solar
tempering strategies should be prioritized in the initial planning stages.
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3.Energy Modeling Optimization: Employ energy modeling software to evaluate the home's energy demand
during the design phase. Modify design decisions based on energy modeling outcomes to strike a balance between
building performance and construction costs.

4.Building Envelope Tightening: Implement super-sealing techniques to enhance the energy efficiency of the
building envelope. Select appropriate air-sealing methods tailored to the climate conditions, resources, and budget
constraints.

5.Maximum Insulation: Prioritize super-insulation of the building envelope post air-sealing to further improve
energy efficiency. Utilize energy modelling to determine optimal insulation levels for ceilings, walls, and floors,
while selecting framing methods that facilitate insulation and reduce thermal bridging.

6.Highly Insulated Windows and Doors: Install well-insulated windows and doors to minimize heat loss and
gain in the home. Careful selection, placement, and sizing of windows and doors contribute significantly to energy
conservation within an airtight building shell.

7.Efficient Air Supply Management: Ensure a constant supply of fresh, filtered air and effective moisture
management in tightly sealed zero-energy homes. Implement heat recovery ventilation (HRV) or energy recovery
ventilation (ERV) systems to enhance indoor air quality while recovering heat energy.

8.Low-Energy Heating and Cooling Systems: Opt for highly efficient and cost-effective heating and cooling
systems to align with net zero energy goals. Consider air-source ductless heat pumps as energy-efficient
alternatives to central forced-air systems, mitigating high costs associated with traditional heating methods.

9.Water Heating Efficiency: Address water heating as a significant energy expenditure by selecting and siting
efficient water heating equipment. Implement measures to reduce hot water usage alongside efficient equipment
selection to optimize energy conservation.

10.Energy-Efficient Lighting: Replace inefficient lighting with energy-efficient LED lights to minimize energy
consumption while optimizing illumination. Strategically select LED lights tailored to various lighting
requirements, considering placement and natural light integration to reduce overall energy usage.

11.High-Efficiency Appliances and Electronics: Choose energy-efficient appliances and electronics to
complement the highly efficient building shell and HVAC systems in zero energy homes. Prioritize the selection
of high-efficiency appliances and devices to further minimize energy consumption.

12.Solar Photovoltaic Integration: Harness solar energy through photovoltaic panels as a renewable energy source

to meet the home's energy requirements. Explore cost-effective solutions to integrate solar panels effectively,
considering options to mitigate installation costs while maximizing energy generation potential

IV.AIM

1. To critically analyze the current state of zero energy building initiatives in India, drawing insights from
existing literature and case studies.

2. To identify the key drivers and barriers influencing the adoption and implementation of zero energy building
technologies and practices in the Indian context.

3. To assess the effectiveness of policy frameworks and regulatory measures in fostering the development and
deployment of zero energy buildings in India.

4. To examine the role of stakeholders, including private commercial property owners, government agencies, and
local authorities, in advancing the transition towards zero energy buildings in India.

5. To evaluate the technological advancements and innovations contributing to the design, construction, and
operation of zero energy buildings in India.
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6. To explore the potential socio-economic and environmental benefits associated with the widespread adoption
of zero energy building practices in India.

7. To propose recommendations and strategies for scaling up zero energy building initiatives in India, addressing
challenges and maximizing opportunities for sustainable development.

8. To provide insights into best practices and lessons learned from international experiences in promoting zero
energy buildings, with relevance to the Indian context.

9. To contribute to the existing body of knowledge on zero energy buildings in India, offering a comprehensive
review of literature, research findings, and practical experiences.

10. To inspire and empower stakeholders across various sectors to actively participate in the realization of zero
energy building goals, fostering a sustainable built environment in India.

V. CONCLUSION

In summary, our review sheds light on the journey from vision to reality regarding zero energy buildings in the Indian
context. Through examining various aspects such as design, technology, and policy, we've witnessed the promising
strides made towards achieving energy efficiency and sustainability in building construction. As India moves towards a
greener future, zero energy buildings emerge as a pivotal solution to mitigate environmental impact and address energy
challenges. With continued innovation, collaboration, and commitment, the realization of zero energy buildings stands
as a beacon of hope for a more sustainable built environment in India.
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