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Abstract: This study investigates the evolving relationship between renewable energy consumption,
economic growth, and sustainable development in India. As a key player in the global renewable energy
market, India is actively transitioning towards cleaner energy sources to address environmental concerns and
meet rising energy demands. The research analyzes the factors influencing renewable energy consumption,
including renewable energy output, energy efficiency, economic growth (proxied by real GDP per capita),
and carbon emissions. Findings suggest that these factors significantly impact the adoption and utilization of
renewable energy. The study concludes by emphasizing the critical need for increased investment in
renewable energy generation, energy efficiency technologies, and environmentally sound innovations to
further accelerate the transition towards a sustainable energy future in India.

Index Terms - Renewable Energy, Sustainable Development, Economic Growth, Carbon Emissions,
Environmental Impact, Energy Consumption, Climate Change.

|. INTRODUCTION

Global energy demand is steadily increasing, driven by population growth and economic development.
Developed nations typically exhibit higher energy consumption compared to developing countries.
Recognizing the environmental and sustainability challenges posed by traditional fossil fuels, there is a
growing emphasis on renewable energy sources. These sources, such as solar, wind, tidal, biomass, and
geothermal energy, are abundant, environmentally friendly, and offer a sustainable path towards meeting
global energy needs.Renewable energy technologies harness natural forces to generate power, minimizing
environmental impact and promoting a cleaner energy future. In recent decades, the pursuit of sustainable
development has fueled a global shift towards clean energy solutions. Climate change mitigation is a
paramount concern, and renewable energy plays a crucial role in achieving this goal.The benefits of
transitioning to renewable energy are multifaceted, encompassing social and economic development,
enhanced energy security, reduced climate change impacts, and improved environmental and human
health.

Il. LITERATURE REVIEW

India faces a critical energy challenge. Despite a significant increase in energy use and electricity capacity
over the past six decades, the country grapples with widespread energy poverty and persistent electricity
shortages. While energy consumption has grown rapidly due to economic development and population
growth, the demand is projected to surge further as the economy expands and living standards
improve.The Integrated Energy Policy Report 2005 estimates that India's energy needs could quadruple
within 25 years, requiring a sixfold increase in electricity and a quadrupling of crude oil demand. This
presents a significant supply challenge, raising concerns about potential severe shortages.While power
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availability has improved in recent years, demand consistently outpaces supply. In 2009-10, India
experienced substantial energy and peak shortages of 10.1% and 12.7%, respectively. Even with a decline
in peak deficit from 16.6% in 2007-08, many regions face "load shedding” due to inadequate supply.
Moreover, a significant portion of the population, estimated at over 40%, lacks access to commercial
energy sources for basic needs and livelihoods.This energy poverty not only impacts quality of life but
also hinders economic growth in rural areas by constraining productive activities and employment
opportunities. The reliance on kerosene for lighting and diesel for irrigation and small enterprises in these
areas places a heavy financial burden on the economy due to high subsidy costs and exacerbates energy
security concerns.

I1l. GROWTH OF RENEWABLE POWER

India has demonstrated significant progress in both conventional and renewable power generation.
Table 1 presents the trajectory of installed power capacity growth since the start of the 10th Plan
(2002), 11th Plan (2007), and as of 30th September 2010.

Table 1: Source-wise Contribution to Installed Power Generation Capacity (in MW)

Time period Thermal (%) | Hydro (>25MW) Nuclear (%) | Renewable Power
(%) (%)
1.4.2002 59% 74429 26% 26269 2% 2720 2% 1628
1.4.2007 65% 87015 26% 34654 3% 3900 6% 10258
31.9.2010 64% 106518 22.4% 37328 2.7% 4560 10.90% 18,155

India has achieved impressive growth in renewable energy capacity, increasing over fivefold from 2% to
11% within eight years. This contributes about 4.13% to the electricity mix, exceeding penetration rates in
the US and comparable to the EU.However, ambitious conventional power targets (78,700 MW for the 11th
Plan, rising to 100,000 MW for the 13th) face challenges:

Coal: Mining and import limitations hinder meeting the massive coal quantities required.

Logistics: Transportation infrastructure struggles to handle the growing coal needs.

Environmental Concerns: Extractable coal reserves raise sustainability questions, and project
clearances become more stringent.

Despite policy and infrastructure initiatives, achieving these targets seems unlikely. The 11th Plan's target
for conventional power has already been reduced from 78,700 MW to 62,374 MW, with even this revised
target unlikely to be met. Similar challenges plague other conventional sources:

Large Hydro: Environmental concerns and project execution difficulties in remote areas hinder
development.

Natural Gas: Competition from other sectors for limited natural gas supplies creates uncertainty.
Nuclear Power: Expanding nuclear capacity faces its own set of challenges.

These constraints suggest substantial shortfalls in conventional power generation over the next two decades.
The potential consequences include:

Increased Reliance on Costly Fossil Fuels: Dependence on diesel, furnace oil, and kerosene will
likely rise, exacerbating energy security issues due to high import reliance (over 80%).

Financial Burdens: Rising import costs and domestic subsidies for fossil fuels will create
significant financial strain.

Hindered Energy Access: Persistent energy shortages could jeopardize ambitious rural
electrification programs (RGGVY), leaving many without reliable access.
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The Way Forward: Embracing Renewables

The limitations of conventional sources highlight the urgency of embracing renewable energy solutions.
Finding alternatives to conventional fuels for energy and transportation is crucial to ensure energy security
and wider energy access, especially for the poor.

IV. ENERGY CONSUMPTION AND CO2 EMISSIONS

Despite a surging energy demand, India's per capita energy consumption in 2008 was significantly lower
than that of industrialized nations and even China. While the US consumed 7.5 tons of oil equivalent (toe)
per capita, Germany 4.08 toe, Japan 3.88 toe, and China 1.6 toe, India's consumption stood at a mere 0.54
toe. This low consumption translates to comparatively low carbon emissions. In 2007, India's per capita
CO2 equivalent emissions were 1.5 tons, roughly a third of the global average and substantially lower
than the leading emitters, the US and China, both in absolute and per capita terms.India has demonstrated
a commitment to reducing its emissions intensity. ! Between 1994 and 2007, the emissions intensity of its
GDP declined by over 30%, a testament to the government's proactive policies. While expanding energy
access is crucial, the significant rural-to-urban migration will likely have a more substantial impact on
energy consumption. However, even with the addition of millions to urban areas, India's per capita
consumption and emissions are projected to remain significantly lower than those of other major
economies.In 2008-2009, fossil fuels, primarily coal (contributing 69%), dominated India's electricity
generation, accounting for roughly 80% of the total. Electricity generation itself contributes only about
42% of the country's overall carbon emissions.Given these factors, it is unlikely that India will reach the
emission levels of the US and China in the foreseeable future.

V. DRIVING FORCES BEHIND INDIA'S RENEWABLE ENERGY TRANSITION

Securing a reliable, affordable, and environmentally sustainable energy supply has emerged as a critical
challenge for India's economic and developmental progress. While energy conservation and efficiency
measures are vital components of the national energy strategy, renewable energy sources are poised to play
an increasingly pivotal role.

Renewable energy will be instrumental in:

o Augmenting grid power: Increasing the share of renewable energy in the national grid will enhance
energy security and reliability.

o Expanding energy access: Renewable energy technologies, particularly decentralized solutions like
solar power, can provide energy access to remote and underserved communities.

o Reducing fossil fuel dependence: By transitioning to cleaner energy sources, India can minimize its
reliance on imported fossil fuels and reduce greenhouse gas emissions.

o Enabling a low-carbon development pathway: Integrating renewable energy into the energy mix
is crucial for achieving India's sustainable development goals and mitigating the impacts of climate
change.

V1. RENEWABLE ENERGY IN INDIA

India has prioritized renewable energy since the 1970s, recognizing its crucial role in a sustainable
energy future. This commitment materialized in 1982 with the establishment of the Department of Non-
Conventional Energy Sources, later elevated to the Ministry of New and Renewable Energy (MNRE) in
1992.

Unique globally, MNRE spearheads India's renewable energy efforts. Its mandate encompasses a wide
range of initiatives, including:

e Harnessing renewable power: Developing and deploying solar, wind, hydro, and other renewable
energy sources.

« Rural energy access: Providing renewable solutions for lighting, cooking, and transportation in
rural areas.
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e Urban and industrial applications: Promoting renewable energy use in commercial, industrial, and
urban sectors.
o Alternative fuels: Developing and deploying alternative fuels and their applications.
e Research and development: Supporting innovation in renewable energy technologies, products,
and services.

MNRE leverages a multi-pronged approach for program implementation. State Renewable Energy
Development Agencies play a crucial role, collaborating with state governments, local institutions, NGOs,
and community organizations. Increasingly, market-based approaches are being explored through
partnerships with private entities.

To foster technological advancement, MNRE has established key institutions:

e The Solar Energy Centre near Delhi: Serves as a center of excellence for testing solar
technologies and conducts research and training.

e The Centre for Wind Energy Technology in Chennai: Provides technical support for wind energy
initiatives.

Research and Development (R&D) efforts are supported through:

e Funding research institutions, national laboratories, and both public and private sector
industries.

To facilitate market development and project financing, MNRE established:

e The Indian Renewable Energy Development Agency (IREDA): A unique public sector
undertaking specializing in financing renewable energy and energy efficiency projects.

VI1Il. GRID-CONNECTED RENEWABLE ENERGY PoLICY

The Electricity Act 2003 laid the foundation for grid-interactive renewable power development. It
mandates State Electricity Regulatory Commissions (SERCS) to:

e Promote renewable energy generation: By facilitating grid connectivity and allowing power sale
to any entity.

e Mandate renewable power purchase: By requiring distribution licensees to purchase a minimum
percentage of renewable energy.

The National Electricity Policy 2005 further emphasizes this by advocating for a progressive increase in
renewable energy purchase targets and the use of competitive bidding processes. The Tariff Policy 2006
directs SERCs to set minimum purchase percentages for renewable energy, considering regional resource
availability, its impact on retail tariffs, and preferential tariff procurement.

Currently:

e Most SERCs have established purchase obligations for renewable energy.

o Preferential tariffs are offered for grid-interactive renewable power in most potential states.

e The Central Electricity Regulatory Commission (CERC) has issued uniform guidelines for setting
these preferential tariffs.

In January 2010, CERC issued a notification establishing a Renewable Energy Certificate (REC)
framework. RECs were introduced to bridge the gap between renewable energy generation and the
purchase obligations of obligated entities.

e The National Load Dispatch Centre (NLDC) was designated as the Central Agency for REC
implementation.
o NLDC developed detailed procedures for REC registration, accreditation, issuance, and redemption.
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o The REC market was anticipated to become operational in 2011.

VIIl. GOVERNMENT INCENTIVES FOR RENEWABLE ENERGY

The Indian government actively encourages private investment in renewable energy projects. Beyond the
preferential tariffs offered by states, the government provides a compelling mix of financial and fiscal
incentives. These incentives include capital or interest subsidies, accelerated depreciation on assets, and
minimal or concessional excise and customs duties. The specific level of capital subsidy depends on the
renewable resource, region, and project type, ranging from 10% to 90% of the project cost. Higher subsidies
are offered in India's North-Eastern Region and Special Category States to promote renewable energy
development in these areas. Details on the current incentive levels for various renewable energy projects can
be found on the Ministry of New and Renewable Energy's website (http://www.mnre.gov.in/). To further
incentivize private investment, the government recently introduced Generation Based Incentives for wind
power projects. This scheme targets independent power producers who don't utilize the Accelerated
Depreciation benefit, and a separate feed-in tariff has been established for solar power projects.

IX. EVALUATING THE EFFECTIVENESS OF THE PoLICY FRAMEWORK IN ACHIEVING VISION 2022 GOALS

The past decade has witnessed a significant surge in renewable energy adoption, driven by the enactment
of the Electricity Act and a supportive framework of fiscal and financial incentives. This period has seen a
consistent increase in renewable power installed capacity. During the first three years of the 11th Five-Year
Plan, renewable energy additions reached 6,560 MW, while conventional power capacity additions amounted
to 22,302 MW. Notably, 23% of the current installed capacity comprises large hydro projects, which are
renewable sources but not typically categorized as such within this context. Wind power has been the
primary contributor, accounting for approximately 70% of the total renewable energy capacity installed
during this period, as illustrated in Table 2.

Table 2: Plan-Wise Grid-Connected Renewable Energy Capacity

Resource Potentia | Capacity Addition (in MW)
(MW) Upto 9th 10th Plan 11th Plan 11th Plan Cumulati
Plan - - Targets Achievement ve
Achieveme | Achievement Upto achievemen
nt 30.9.2010 ts upto
30.9.2010
Wind power 48,500 1,667 5,427 9,000 4,714 12,809
Small 15,000 1,438 538 1,400 759 2,823
Hydropo
wer
Bio power* 23,700 390 795 1,780 1,079 2,505
Solar power | 20- 30MW/ 2 1 50 8 18
sg.km
TOTAL 3,497 6,761 12,230 6,560 18,155

The recent growth trajectory of solar power strongly suggests that the Ministry's vision of achieving a 10%
renewable energy share in the overall electricity mix by 2022 is attainable. This can be realized either
through surpassing the targeted renewable energy installation goals or by a potential shortfall in
conventional power capacity additions. The final outcome hinges significantly on the overall power capacity
additions achieved. However, the Ministry of New and Renewable Energy (MNRE) has set ambitious
targets for renewable energy capacity installations, as outlined in Table 4. This clearly underscores the
crucial role of renewable energy sources in India's future grid power generation landscape.

X. INVESTMENT STRATEGIES FOR RENEWABLE ENERGY PROJECTS

India's renewable energy sector has experienced significant growth, primarily driven by private sector
investment fostered by a conducive policy framework. In 2009, India ranked fourth globally in terms of
renewable energy investment attractiveness. Key financial institutions play a crucial role in supporting
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this growth. IREDA, a specialized financial institution, has provided financial support to numerous
renewable energy projects, disbursing over Rs 66.44 billion between 1987 and 2009. Other key financiers
include PFC, REC, and NABARD.While corporate finance traditionally focused on large-scale projects,
the growing awareness and supportive government policies have encouraged increased participation from
commercial banks. Moreover, microfinance institutions like SEWA are facilitating the adoption of
renewable energy technologies in rural areas.

XI1. DEVELOPING HUMAN CAPITAL

The Indian government anticipates a significant job creation opportunity in renewable energy. The National
Action Plan on Climate Change is estimated to generate over 10 million jobs in wind, solar, and biofuel
sectors. Additionally, capturing 10% of the global wind power market could create nearly 289,000 jobs in
India.

Recognizing this potential, the Ministry of New and Renewable Energy (MNRE) has launched a
multi-pronged approach to address the growing human resource needs:

e Scholarship and Fellowship Programs: The Ministry awards fellowships for postgraduate,
doctoral, and post-doctoral studies in renewable energy.

e Curriculum Development: Renewable energy is being integrated into the core curriculum of
engineering and technical programs.

e Support for Educational Institutions: The MNRE provides financial assistance to educational and
research institutions to establish infrastructure for renewable energy education.

e Training Programs: The Ministry offers training programs on various renewable energy
technologies for professionals across sectors, including government agencies, NGOs, and financial
institutions.

e Faculty Development: The MNRE plans to establish "Renewable Energy Chairs" at leading
academic institutions.

Overall, the Ministry's initiatives aim to develop a skilled workforce across different levels to support the
burgeoning renewable energy sector in India.

XIl. THE ROLE OF RENEWABLE ENERGY IN MITIGATING CLIMATE CHANGE

Renewable energy plays a crucial role in India's climate change mitigation efforts, reducing emissions by an
estimated 4-5%. India's favorable market and infrastructure have attracted numerous Clean Development
Mechanism (CDM) projects, primarily in renewable energy. However, participation from households, small
enterprises, and rural areas remains limited. To address this, MNRE has introduced a programmatic approach
and benefited from recent simplified CDM guidelines for projects up to 5 megawatts. Despite these efforts,
the stringent CDM approval process and associated high transaction costs continue to hinder participation,
particularly for decentralized and distributed renewable energy projects.

XI1Il. CENTER FOR RESEARCH & TECHNOLOGICAL ADVANCEMENT

The widespread adoption of renewable energy hinges on cost reduction and efficiency improvements.
Recognizing this, India prioritizes research and development in solar, bioenergy, and hydrogen technologies.
The Ministry of New and Renewable Energy supports R&D through a comprehensive policy, funding
collaborative projects with industry at 50-90% of project costs. During the 11th Plan period, around 90 R&D
projects with a budget of Rs. 1400 million were sanctioned, covering various renewable energy sectors. To
ensure quality products, the Ministry focuses on developing and updating specifications, certifications, and
standards for renewable energy systems. Furthermore, the Ministry implements the Renewable Energy
Incubation Scheme to support aspiring entrepreneurs in the sector through mentorship, technology
evaluation, and initial enterprise support.

XIV. CONCLUSION

India has a long history of renewable energy programs, but recent global advancements, economic growth,
and climate change concerns have significantly increased the sector's vibrancy. This has created a diverse
range of stakeholders with varying aspirations and responsibilities in shaping a new, inclusive, and
sustainable energy economy. While policy and budgetary support have grown, particularly for large-scale
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grid-connected power, challenges remain in scaling up renewable energy deployment, especially in
decentralized distribution. These challenges include limited access to capital, technology gaps, and the need
for innovative strategies. The National Clean Energy Fund presents a unique opportunity to address these
issues by exploring new financial instruments and pathways for renewable energy development.
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