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Abstract
Green energy innovation is crucial for driving sustainable development in India, a nation facing
rapid urbanization, population growth, and escalating energy demands. Harnessing renewable
energy sources like solar, wind, hydro, and bioenergy, alongside advanced technologies such as
smart grids, energy storage systems, and green hydrogen, can significantly reduce reliance on
fossil fuels and mitigate environmental degradation. Policy frameworks such as India’s National
Solar Mission and energy-efficient initiatives like the Perform, Achieve, and Trade (PAT) scheme
have bolstered green energy adoption.
Additionally, decentralized renewable energy solutions can address energy access challenges in
rural areas, fostering inclusive growth. Innovative business models like public-private partnerships
(PPPs), green financing mechanisms, and energy-as-a-service (EaaS) platforms have emerged to
accelerate investments in clean energy. Research in waste-to-energy technologies, improved grid
infrastructure, and Al-driven energy optimization further supports sustainable energy systems.
However, challenges such as high initial costs, technological gaps, and regulatory barriers must
be addressed through cohesive government policies, international collaborations, and capacity-
building programs.
As per the Union Minister for Power, New and Renewable Energy in India, the country has
achieved the remarkable feat installing renewable energy in 2023. India's transition to green
energy presents an opportunity to combat climate change, enhance energy security, and support its
ambitious goal of achieving net-zero emissions by 2070. A synergistic approach integrating
innovation, policy, and community engagement is essential for aligning green energy development
with the nation’s sustainable development objectives.

Keywords: Green Energy, Sustainable Development, Renewable Energy, Innovation, Energy
Access, Smart Grids, Green Hydrogen, Policy Frameworks, Climate Change.

Introduction:

Green energy is a term for energy that comes from renewable sources. Green
energy is often referred to as clean, sustainable, or renewable energy. The production of
green energy does not release toxic greenhouse gases into the atmosphere, meaning it
causes little or no environmental impact. Some important green energy sources include
power produced by solar, wind, geothermal, biogas, low-impact hydroelectricity, and
certain eligible biomass sources. Often synonymous with renewable energy, green energy
is energy generated from natural and sustainable sources that have a minimal impact on the
environment compared to traditional fuels. This includes sources like solar, wind, hydro,
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and geothermal. Green energy is important because it provides a sustainable and
environmentally friendly solution to our energy needs, reducing our carbon footprint and
mitigating the adverse effects of climate change. Green energy got its name because it
comes from natural resources provided to us by the Earth. The colour green is often
associated with health, nature, and sustainability, so it makes sense that renewable energy is
related to the colour that

embodies nature. Green energy comes from natural resources like water, wind, and
sun, which provide the energy we turn into electricity.

The rapid pace of industrialization and urbanization in India has significantly
increased energy demand, leading to environmental concerns. As the third-largest emitter
of greenhouse gases globally, India's reliance on fossil fuels poses challenges for
sustainable development. Green energy innovation presents a viable solution by reducing
carbon emissions and promoting economic growth. This paper examines how
advancements in renewable energy technologies can foster sustainable development,
emphasizing India's unique challenges and opportunities. Before the industrial revolution,
humankind largely relied on green and renewable sources for their energy needs. Fast
forward a couple of centuries and we find ourselves deeply entangled with fossil fuels,
grappling with the detrimental impact they pose on our environment.

Green Energy: Green energy refers to renewable, environmentally friendly energy
sources such as solar, wind, geothermal, and hydropower, which produce little to no
environmental impact, helping reduce carbon emissions and combat climate change.

Sustainable Development: Sustainable development aims to meet present needs without
compromising future generations' ability to meet their own needs, focusing on balancing economic
growth, environmental protection, and social well-being.

Renewable Energy: Renewable development focuses on increasing the use of clean,
sustainable energy sources like solar, wind, hydropower, and geothermal to reduce dependence on
fossil fuels, mitigate climate change, and promote long-term environmental sustainability.

Innovation: Innovation involves creating new ideas, methods, or products that improve
efficiency, solve problems, or meet emerging needs. It drives progress in technology, business, and
society, fostering growth and adaptation.

Energy Access: Energy access refers to the availability of reliable, affordable, and
sustainable energy services for all people, ensuring basic needs like electricity, heating, and
cooking are met, particularly in underserved areas.

Smart Grids: Smart grids are advanced electrical networks that use digital technology to
monitor and manage energy flow efficiently, enabling real-time data analysis, improved grid
stability, integration of renewable energy, and enhanced consumer control.

Green Hydrogen: Green hydrogen is hydrogen produced using renewable energy
sources through water electrolysis, offering a clean alternative to fossil fuels. It plays a key role
in decarbonizing sectors like transportation and industry.

Policy Frameworks: Policy frameworks are structured guidelines and regulations
established by governments to promote specific goals, such as sustainability, economic
development, and social welfare, providing direction, incentives, and rules for implementation and
enforcement.

International Research Journal of Management Science & Technology
http: //www.irjmst.com Page 26



http://www.irjmst.com/

IRIMST Vol 17 Issue 5 [Year 2026] ISSN 2250-1959 (Online) 2348 —9367 (Print)

Climate Change: Climate change refers to long-term shifts in temperature, weather
patterns, and ecosystems caused primarily by human activities, such as burning fossil fuels,
deforestation, and industrial practices, leading to global environmental impacts.

Previous Studies:

Innovation in green energy refers to the creation and application of technologies and
procedures that lessen or completely remove the damaging effects of human activity on the
environment (Lai, 2020). An ample portion of the world’s energy needs might be met by green
energy sources, including solar, wind, hydropower, and geothermal energy, while limiting harm to
the environment. As it enables the switch from fossil fuels to clean and RE sources, green energy
innovation is essential for sustainable development. Innovation in green energy, however, faces a
number of difficulties, including technical restrictions, financial constraints, policy constraints,
and a lack of public support (Eleftheriadis and Anagnostopoulou, 2015).

Green Energy and Its Importance

Green energy, derived from renewable sources like solar, wind, hydro, and bioenergy, is
central to reducing environmental pollution and combating climate change. For India, green energy
is critical for achieving energy security, reducing dependency on fossil fuel imports, and meeting
global climate commitments under the Paris Agreement.

Hydropower

Solar Energy Wind Energy
Energy

Geothermal Bio-Energy

Energy

Green Energy Components
Solar Energy
Solar energy holds immense importance as a green energy source in India, a country with
abundant sunlight throughout the year. It offers a sustainable solution to meet India’s growing
energy demands while reducing dependence on fossil fuels and lowering greenhouse gas
emissions. Solar power is crucial for rural electrification, providing clean energy to remote areas
where traditional grids are inaccessible. Additionally, it supports the government’s renewable
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energy targets, including the ambitious goal of 500 GW by 2030. By promoting energy
independence, creating jobs in solar manufacturing and installation, and mitigating climate change,
solar energy plays a pivotal role in India’s sustainable development. The Bhadla Solar Park in
Rajasthan is a global example of large-scale solar innovation.
Wind Energy

Wind energy is a vital green energy source for India, leveraging the country’s extensive
coastline and favorable wind conditions. India ranks fourth globally in wind energy capacity, driven
by innovations such as, Hybrid Wind-Solar Systems and Offshore Wind Projects. It plays a
significant role in reducing reliance on fossil fuels, cutting greenhouse gas emissions, and addressing
energy security challenges. As a clean and renewable resource, wind power supports India’s
commitment to achieving ambitious renewable energy targets, contributing to sustainable
development and climate change mitigation. Additionally, it creates employment opportunities in
manufacturing, installation, and maintenance, boosting the local economy. With advancements in
technology and policy support, wind energy continues to be a cornerstone of India’s transition to a
low-carbon energy future. Tamil Nadu’s Muppandal Wind Farm demonstrates scalable wind energy
solutions.
Bioenergy

Bioenergy is a crucial green energy source for India, offering a sustainable way to utilize
agricultural residues, organic waste, and biomass for energy production. It addresses the dual
challenges of waste management and energy security while reducing dependence on fossil fuels
and lowering greenhouse gas emissions. Innovations in bioenergy include, Biogas Plants,
Advanced Biomass Combustion Technologies. Bioenergy is particularly important for rural areas,
providing decentralized energy solutions and improving livelihoods through employment in
biofuel production and biomass power generation. Additionally, it supports India’s renewable
energy targets and contributes to achieving carbon neutrality. By converting waste into valuable
energy, bioenergy plays a key role in promoting a circular economy and sustainable development.
Geothermal Energy

Geothermal energy holds significant potential as a green energy source in India due to its
sustainability and low environmental impact. With abundant geothermal resources across regions
like Ladakh and Himachal Pradesh, it can provide a consistent and reliable power supply,
complementing intermittent renewable sources such as solar and wind. Geothermal energy
supports rural electrification, especially in remote areas, and offers applications beyond power
generation, such as space heating and agriculture. Additionally, it reduces dependence on fossil
fuels, contributing to India’s efforts to lower greenhouse gas emissions. Overcoming challenges
like high initial costs could unlock its vast potential for sustainable energy.
Hydropower Energy

Hydropower is an important green energy source for India due to its ability to provide
reliable, renewable electricity while supporting sustainable development. India has vast untapped
hydropower potential, especially in regions like the Himalayan belt, the Northeast, and the
Western Ghats. As a clean energy source, hydropower helps reduce reliance on fossil fuels and
lower greenhouse gas emissions, supporting India's climate goals. It also provides grid stability
through base-load and peak-load power generation. Additionally, hydropower plants can support
irrigation and drinking water supply. However, challenges such as environmental impact,
displacement of communities, and project financing need to be addressed.
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Challenges in Green Energy Innovation

v

Despite progress, several challenges hinder the adoption of green energy innovations in India:
High Initial Costs: High initial cost poses a significant challenge in green energy
innovation due to the substantial investment required for research, development, and
deployment of technologies like solar panels, wind turbines, and energy storage systems.
Building new infrastructure or retrofitting existing systems further increases expenses.
Additionally, the advanced materials and processes needed for manufacturing these
technologies often lead to higher costs, especially in the absence of economies of scale
during early adoption phases. For consumers, the upfront expense of adopting green
solutions can be prohibitive, even if long-term savings are achievable. Overcoming this
challenge requires sustained investment and policies to lower barriers.

Infrastructure Deficiencies: Infrastructure deficiencies present a significant challenge in
green energy innovation, as existing systems are often ill-equipped to integrate renewable
technologies like solar, wind, or hydrogen power. Many power grids lack the capacity to
handle the intermittent nature of renewable energy, requiring upgrades to enable reliable
storage and distribution. In addition, the lack of widespread charging networks for electric
vehicles or pipelines for green hydrogen hinders large- scale adoption. Rural and
underdeveloped regions face even greater obstacles due to limited energy infrastructure.
Addressing these deficiencies demands substantial investment in modernizing grids,
expanding energy storage solutions, and building a robust renewable energy ecosystem.
Intermittency Issues: The intermittency issue is a major challenge in green energy
innovation, as renewable sources like solar and wind depend on weather conditions,
leading to fluctuating energy production. Solar panels generate electricity only during
daylight hours, while wind turbines rely on consistent wind patterns, making energy
supply unpredictable. This variability creates difficulties in balancing supply with demand,
potentially causing grid instability. Without effective storage solutions, excess energy
during peak production periods is often wasted, and shortages occur when production is
low. Overcoming intermittency requires advancements in energy storage technologies, grid
modernization, and the integration of diverse renewable sources to ensure reliability.
Skilled Workforce Shortages: A skilled workforce shortage poses a significant challenge to
green energy innovation, as the sector requires expertise in emerging technologies such as
solar panel installation, wind turbine maintenance, and advanced energy storage systems.
The rapid growth of renewable energy industries has outpaced the availability of trained
professionals, creating gaps in critical areas like engineering, manufacturing, and project
management. Additionally, transitioning workers from traditional energy sectors to
renewable ones requires extensive retraining, which is often underfunded or insufficiently
prioritized. This shortage can delay project implementation and innovation, highlighting the
need for robust education programs, vocational training, and incentives to attract talent.
Financing and Investments: Financing and investment are critical challenges in green
energy innovation, as developing and deploying renewable technologies often require
significant capital. Investors may perceive green energy projects as high-risk due to market
volatility, regulatory uncertainties, and long payback periods. Smaller companies and
startups, which drive much of the innovation, often struggle to secure funding for research,
development, and scaling. Furthermore, limited access to affordable financing in
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developing regions hampers the adoption of renewable technologies. Addressing these
issues requires creating supportive policies, increasing public-private partnerships, and
fostering innovative financial models, such as green bonds and climate funds, to attract and
sustain investments.
Government Policies and Support
India was ranked fourth in wind power capacity and solar power capacity and fourth in renewable
energy installed capacity as of 2024. The government is committed to increased use of clean
energy sources and is already undertaking various large-scale sustainable power projects and
promoting green energy heavily. In addition, renewable energy has the potential to create many
employment opportunities at all levels, especially in rural areas. India has low conventional energy
resources compared to its required energy needs driven by a huge population and a rapidly
increasing economy. However, India can harness the huge potential of solar energy as it receives
sunshine for most of the year. It also has vast potential in hydropower, which is being explored
across states, especially in the Northeast. India is the only country among the G20 countries that is
on track to achieve its targets under the Paris Agreement.

The Indian government has introduced several policies to promote green energy innovation,
including the National Action Plan on Climate Change (NAPCC), Production-Linked Incentives
(PLI) for Renewable Energy, and state-level policies like incentives for renewable energy
adoption and research in states like Gujarat and Tamil Nadu. These policies aim to achieve the
target of 500 GW of renewable energy capacity by 2030. As of December 2023, renewable energy
sources, including biomass, waste to power, and waste-to-energy, have a combined installed
capacity of 136.57 GW. As of July 2024, renewable energy sources, including biomass, waste-to-
power, and waste-to-energy, have a combined installed capacity of 150.27 GW. As of November
2023, renewable energy sources, including biomass, waste to power, and waste to energy, have a
combined installed capacity of 132.69 GW.

India’s installed renewable energy capacity is expected to increase to about 170 GW by March
2025 from the level of 135 GW as of December 2023, according to research agency ICRA. India
added a record 18.48 GW of renewable energy capacity in 2023-24, a 21% increase over the
previous year. Installed renewable power generation capacity has increased at a fast pace over the
past few years, posting a CAGR of 15.4% between FY16 and FY23. India has 125.15 GW of
renewable energy capacity in FY23. The non-conventional energy space in India has become
highly attractive for investors and received an FDI inflow of US$ 17.88 billion between April
2000-March 2024. India's installed renewable energy capacity is expected to increase to about 170
GW by March 2025 from the level of 132 GW as of October 2023, according to

research agency ICRA. As of February 2024, 42.25% of the total power installed capacity is from
non-fossil-based sources, which fulfills the target of 40% by the end of 2022.

The electricity generation target (including RE) for the year 2023-24 has been fixed as 1750 billion
Units (BU). i.e. growth of around 7.2% over the actual generation of 1624.158 BU for the previous
year (2022-23). The generation during 2022-23 was 1624.158 BU as compared to 1491.859 BU
generated during 2021-22, representing a growth of about 8.87%.
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According to the International Renewable Energy Agency (IRENA), a quarter of India’s
energy demand can be met with renewable energy. The country could potentially increase its share
of renewable power generation to over one-third by 2030. As of June 2018 reports, the country
intends to reach 225 GW of renewable power capacity by 2022 exceeding the target of 175 GW
pledged during the Paris Agreement. The sector is the fourth most attractive renewable energy
market in the world. As in October 2018, India ranked fifth in installed renewable energy capacity.
India has committed to reducing the emission intensity of economic activity by 33-35 per cent by
2030 (below the 2005 levels) under the Paris Agreement on climate change. To achieve this goal,
the Government of India has drafted policies to reduce emissions from the power, industry, and
transport sectors, which contribute a lion’s share of emissions to the economy. The targeted
measures include an ambitious 450 GW of electric power generation through renewable energy
sources by 2030, Perform, Achieve, and Trade (PAT) scheme for enhancing industrial energy
efficiency, and increasing the share of electric vehicles (EVSs) in both public and private transport.
However, greenhouse gases from the sector are still coupled with economic growth as fossil fuels
cater to the majority of the energy demand. The World Energy Outlook 2018 estimated that India’s
industrial and transport emissions, as a share of its total energy emissions, will rise from 37 per
cent in 2017 to 50 per cent in 2040 (International Energy Agency [IEA] 2018).

Conclusion

Innovation in green energy is pivotal for sustainable development in India, addressing
environmental, economic, and social challenges. By leveraging technological advancements and
fostering collaborations, India can achieve its renewable energy targets while contributing to
global sustainability. Continued efforts in R&D, policy reforms, and capacity building will ensure
a transition toward a greener, more sustainable future.

References

International Energy Agency. (2022). Renewable energy market update. Retrieved from

https://iea.org

Ministry of New and Renewable Energy. (2022). Annual report. Retrieved from
https://mnre.gov.in
United Nations. (2015). Paris Agreement. Retrieved from https://unfccc.int

International Research Journal of Management Science & Technology
http: //www.irjmst.com Page 31



http://www.irjmst.com/
https://mnre.gov.in/

ISARA INSTITUTE OF MANAGEMENT & PROFESSIONAL STUDIES

WWW.IIMPS.IN

EARN YOUR

Accreditation & Ranking

INFO@IIMPS.IN
UGC /| NCTE Approved.
(S atan! PP . 011-41005174

s
CV2J0BS

STOP PLAGIARISM N/

Arogyam Ayurveda ' —— [
: E Holistic Healing through herbs <
Submit your Get accurate user e,

content in friendly report.
Word File.

oGet report in

48 hrs.

*Missing content * =

or references will be fixed.

MZ=Z2Z0 XPpHOORp

y.in |
+91-9205579779

PARIVARTAN PSYCHOLOGY CENTER

COLOR PSUCHOLOGY :
HOW COLOR AFFECT YOUR CHiLD

R
S
E
A
R
C
H
G
A
T
E
w
A
Y

Calms your Child’s
BLUE Mind & Body

Evokes Empathy,
makes your Child Calm

Excites and energizes
your Child's body

Improves Reading speed
and Comprehension

www.parivartan4u.com



AT 37T, fradr, wifgcy uq ener

ISSN 2321 —-9726 s
WWW.BHARTIYASHODH.COM X

ISSN 2321 -9726

INTERNATIONAL RESEARCH JOURNAL OF
MANAGEMENT SCIENCE & TECHNOLOGY
ISSN — 2250 — 1959 (0) 2348 — 9367 (P) Y
WWW.IRIJMST.COM

IRIMST

INTERNATIONAL RESEARCH JOURNAL OF
COMMERCE, ARTS AND SCIENCE
ISSN 2319 — 9202
WWW.CASIRJ.COM

INTERNATIONAL RESEARCH JOURNAL OF
MANAGEMENT SOCIOLOGY & HUMANITIES
ISSN 2277 — 9809 (0) 2348 - 9359 (P)
WWW.IRIMSH.COM

INTERNATIONAL RESEARCH JOURNAL OF SCIENCE @\\ \
ENGINEERING AND TECHNOLOGY ) @
ISSN 2454-3195 (online) \ S )
WWW.RJSET.COM
INTEGRATED RESEARCH JOURNAL OF TRIMSI
MANAGEMENT, SCIENCE AND INNOVATION 4‘&’
ISSN 2582-5445
WWW.IRIMSI.COM
JOURNAL OF LEGAL STUDIES,POLITICS
AND ECONOMICS RESEARCH J l ,P EF

WWW.JLPER.COM



