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Abstract: Quantitative climate finance has been quick to become one of the most formidable
tools for making progress on renewable energy goals and reducing the climate change impacts,
capturing significant attention in recent years. In the context of India, where the aim to reach
40% of electricity generation from non-fossil fuel sources by 2030 is so huge, the role of
quantitative climate finance is particularly important. This study attempts to examine the
impact of quantitative climate finance on renewable energy initiatives in India. It focuses on
monetary support given to all different renewal energy projects, as well as the part of this
funding in meeting the renewable energy goals and the problems that still exist even after the
boom of climate finance. Using the mixed methods approach, which combines qualitative and
quantitative data collection and analysis techniques, this study integrates the insights from the
literature review, surveys, and interviews with the key stakeholders in the renewable energy
sector. Shedding light on financial data issues related to the scale of climate mitigation
financing inflows in India, the research analyses both the sources of such financing and its
distribution and assesses their influence on the expansion of renewable energy projects. The
concern became clear with respect to the key role played by climate financing of a quantitative
nature in promoting renewable energy endeavours in India, particularly in the sectors of wind
and solar power. Financial support provided by climate finance mechanisms has helped in
reducing the cost of renewable energy technologies, making them more competitive than their
traditional fossil fuel counterparts. On the other hand, government-backing initiatives like the
National Solar Mission and the Wind Energy Mission have attracted investments from climate
finance. Nonetheless, the research indicates that several hurdles still exist in renewable energy
projects, despite the enhancing role of climate finance. The result of this study is a cornerstone
of effective policymaking and sustainable efforts for India's development.

Keywords: Renewable energy, climate change, Renewable energy impacts, solar, wind,
Quantitative climate finance, Quantitative climate finance

1. Introduction
Climate change is one of the most pressing worldwide issues at the moment due to its
destructive outcomes on the environment, human health, and economy; thus, the focus is on
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assessing climate change impacts on different renewable energy sources. It concentrates on the
role of renewable energy in climate change mitigation and the need to understand how climate
changes affect its potential, it introduces the study's aims, which are to review the literature, to
analyse the methodology and to present the key findings. The energy sector is one of the main
sources of greenhouse gases generated by the combustion of fossil fuels from the combustion
of coal, oil, and gas [1]. The transition to renewable energy sources is unquestionably important
for fighting climate change as they produce very little greenhouse gas emissions and are much
more eco-friendly than their traditional counterparts. The significance of shifting to renewable
energy sources cannot be underestimated. For instance, solar and wind power as well as
hydroelectricity may be considered cleaner, greener and more sustainable than fossil fuels [2].
Lastly, renewable energy could be a way to boost local economies, create job opportunities,
and enhance energy independence. Firstly, the costs of renewable technology have gone down
a lot to the extent that they have become the cheapest and most widely available type of energy
resource in the world. This switch is a capital-intensive one. The International Energy Agency
(IEA) estimates that the reduction of energy-related emissions will be $1 trillion per year [3].
It is at this point that quantitative climate financing needs to come in. The investment of
financial tools and strategies in renewable energy and greenhouse gas reduction is quantitative
climate financing. Indian renewable energy relies on quantitative climate finance. By 2030,
India wants 40% of its electricity from renewables. Approximately $100 billion is needed to
do this [4]. Quantitative climate financing may help India switch to renewable energy and close
the financial gap. Below this case study is a quantitative climate finance effect evaluation on
Indian renewable energy.

2. Literature Review

The quantification of climate finance means funds are distributed by several sources for the
reduction of greenhouse gases or adaptation to climate change. Quantitative climate financing
is the key driver of renewable energy in India's low-carbon transformation [5]. What should be
clarified more in quantitative climate finance is the type of financing. Climate Finance has been
put there by the major international development institutions such as the World Bank and Asian
Development Bank (ADB) to countries such as India that are developing [6]. These
organisations are the ones that provide and finance renewable energy projects like solar, wind,
and hydroelectric power. With this, there has been an upsurge in renewable energy investments
in India. India has high ambitions in the field of renewable energy and mandatory schemes like
the Renewable Purchase Obligation (RPO) that require utilities to buy mandatory amount of
electricity from renewable sources [7]. The government also grants tax breaks, subsidies, and
feed-in tariffs to encourage private-sector renewable energy investment. In addition to the
governmental sector, the private sector has funded several renewable energy projects in India.
Due to the profit potential and possibility to help India's sustainable growth, many private
corporations, both local and international, have invested in renewable energy projects. Since
solar panel prices have dropped in recent years, private investment in solar panelling has helped
businesses and homeowners utilise solar energy more [8]. Although a lot of progress in
renewable energy development is noted, less developed countries like India are, nevertheless,
facing a number of obstacles in the process of obtaining green finance.
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Figure 1: Renewable energy capacity in India from 2009 to 2023 [9]

The total renewable energy capacity in India was about 176 gigawatts in 2023. The highest
value of 134.8 gigawatts was registered in 2020 and was also the peak value in the period under
consideration [9]. The biggest problem is the lack of knowledge and understanding of climate
finance among local financial institutions and businesses, the lack of data and information on
the effectiveness of climate finance interventions makes it hard to evaluate the impact of these
investments on renewable energy development. The literature review covers an exhaustive pool
of studies that explore the various effects of climate change on renewable energies such as
solar, wind, biomass, wave, and geothermal energy. Employing a holistic review of peer-
reviewed articles, reports, and prognoses, the document highlights regional, nuanced
distinctions in renewable energy potential. The methodological approaches used in the
assessment of these impacts, particularly the Global Climate Models (GCMs) and the Regional
Climate Models (RCMs), are analysed, and it is found that they have inherent uncertainties in
their projections.

Several works have illustrated the complicated relationship between climate change and
renewable energy structures that entails difficulties as well as opportunities. This can be
illustrated by the fact that some regions experience better renewable energy potential while
other areas face challenges such as resource depletion and extreme climate. These incongruities
emphasise the significance of the personalised adaptation strategies and diversified energy
portfolios that will be used to minimise the risks and maximise the opportunities, the literature
shows that the policy frameworks and investment strategies are the key factors that will
determine the way of renewable energy deployment in a changing climate. The flow of funds
such as carbon pricing, renewable energy subsidies and technology incentives are also critical
in achieving the shift to a low-carbon economy. However, however, regulatory barriers, market
uncertainties and geopolitical dynamics are among the most important challenges to the scaling
up of renewable energy funding. On top of studying the effects of a changing climate on
renewable energy, the literature review also identifies the trends that are on the horizon as well
as the future directions. The progress in technology and the changing policy environment are
making the renewable energy sector to be reshaped, creating new opportunities for sustainable
energy development.

Innovative funding mechanisms e.g. green bonds, climate funds, and impact investment which
are mostly used in developing countries are some of the channels for renewable energy
investment and the findings from the literature review show that the relationship between
climate and renewable energy is multidimensional and it is recommended that stakeholders
should consider environmental, social and economic dimensions [10]. Through the integration
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of multiple viewpoints and approaches, the review serves as a tool to cover a broader scope of
the different issues and prospects of renewables in times of climate change. Through the
ongoing research and the joint efforts of the stakeholders, a way to make the energy future
more resilient and sustainable can be found. Another drawback is that, for renewable energy
usage in larger extent, small and medium-sized enterprises (SMEs) do not have adequate
financing [11]. The majority of SMEs find it hard to secure funds from conventional financial
institutions due to the absence of collaterals or credit history and hence, cannot access climate-
based financing opportunities. In the end, there is a need for long-term financing of renewable
energy projects, as many of these projects have long gestation periods and require a lot of
upfront investment. Here comes the need for longer-term financing that may not always be
available from traditional commercial sources, quantitative climate finance has been a huge
catalyst in the development of renewable energy in India [12]. Nevertheless, there are still
factors that remain unsolved which need to be addressed for climate finance to be accessible
by all and to the projects having long gestation periods. Moreover, the literature review also
covers the consequences of climate change on renewable energy infrastructure resilience and
adaptation strategies. The more extreme weather occurrences that are intrinsically linked to
climate change, the higher the acknowledgement of the vulnerability of renewable energy
infrastructure to these threats. Research indicates that resilient design standards, risk
assessments, and disaster management plans should be adopted to reinforce the capability of
renewable energy systems against climate-related risks. Including climate resilience
considerations in the planning and development of renewable energy projects will decrease
potential disruptions and provide long-term viability.

Figure 2: New investment in renewable energy in India from 2004 to 2019 [13]
This figure is the amount of new investment in renewable energy technologies in India, from
2004 to 2019. Renewable energy investments worth 11.2 billion U.S. dollars were made in
India last year [ 13]. The literature review is an exploration of the socio-economic consequences
of climate change on renewable energy access and affordability, a topic that is highly relevant
to vulnerable communities. Poor households and marginalised populations are the ones who
are most affected by climate change, facing problems such as energy poverty, inadequate
infrastructure and limited access to clean energy services. An improvement of these disparities
implies purposeful policies and initiatives focused on energy equity and social inclusion.
International cooperation is essential through capacity building and community engagement
for having resilient energy security in regions of vulnerable countries. Climate finance
mechanisms play an important role in deploying renewable energy in developing countries.
Climate finance instruments like the Green Climate Fund (GCF), the Global Environment
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Facility (GEF), and bilateral aid programs are the main source of financial resources for
renewable energy projects in vulnerable regions [14]. On the contrary, there are obstacles like
limited access to funding, complex applications as well as inadequate capacity that impede the
efficiency of climate finance in renewable energy development. The paper review requires
donors, financial institutions, and the recipient countries to work together so that the funding
mechanisms are streamlined and the knowledge transfer and technology transfer can be
facilitated, while at the same time taking into account the potential synergies and trade-offs
with other sustainability objectives such as conservation of biodiversity and ecosystem
integrity Despite the fact that renewable energy technologies have many environmental
advantages compared to fossil fuels, they can also be a source of risks to ecosystems and
biodiversity, especially if they are not properly planned or implemented.

3. Materials and Methods

This research used a mixed method of study in that both qualitative and quantitative data
collection and analysis methods were utilised [15]. The study's research design was guided by
the following research questions: The materials and methods section clearly describes the
systematic approach used to review the current literature on the climate change impacts on
renewable energy sources as per the written article. The methodology consists of a number of
key components that are designed to make the review process comprehensive and reliable [16].
Firstly, the method of searching for the relevant papers is described. This does so by utilising
the proper keywords and search terms that cover research which all have a common factor
which is the need to deal with climate change issues and renewable energy. Depositories such
as academic journals, reports and online repositories were used for the purpose of finding a
range of scholarly works and authoritative sources. Inclusion and exclusion criteria that are
used to screen literature are revealed and explained in detail, emphasising the reasons each
study is considered relevant or not. Then, only those studies that coincide with the
predetermined objectives such as the importance of the subject area and publication in scientific
journals peer-reviewed are included in the review. The literature identification will be followed
by an explanation of how the data will be extracted and synthesised. This involves the
meticulous selection of studies, and the long process of extracting valuable data like results,
methodologies, and conclusions from each. The findings, which are gathered from several
articles on the topic, are combined to show common themes, patterns, and remarkable
discrepancies between the articles. Therefore, a global picture of the subject of the research
would be obtained.

The section on materials and methods explains the procedure of the quality assessment that
was used to evaluate the credibility and reliability of the selected studies. This usually entails
assessing technique quality, outcome dependability, and conclusion relevance to the study goal.
For research findings to be reliable and legitimate, experiment transparency and replication are
crucial [17]. The search strategy, inclusion criteria, data extraction technique, and quality
evaluation processes are provided to help readers evaluate the review's methodology and
conclusions. Materials and techniques provide a clear and comprehensive overview of the
climate change literature review on renewable energy. Scanning, data extraction, and data
quality evaluation demonstrate the research's dependability and rigour, which boosts the
outcomes' credibility and validity. Google Scholar, JSTOR, and Web of Science databases

were searched for "quantitative climate finance," "renewable energy," "India," and "impact."
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Papers that address the study topics and have appropriate research methods were chosen. data
was gathered from government sources, especially the Ministry of New and Renewable Energy
(MNRE) and the Ministry of Finance, and analysed the Indian government's actions and
policies that ranged from quantitative climate finance to renewable energy [18]. It conducted
case studies of renewable energy projects in India, which have benefitted from quantitative
climate finance. It selected case studies that were relevant to the research questions and had the
required data. Regarding the analytical approach, descriptive statistics was used to analyse the
data obtained from different sources. The data was analysed using tools like Excel and SPSS
to prepare a well-organised and understandable report.

Biomass Geothermal energy, 0.54%

energy, 5.37% Others, 0.26%

Solar 24.23%

photovoltaic 44.44%
\ Hydropower

25.16%

Wind energy

Figure 3: Cost, environmental impact, and resilience of renewable energy under a
changing climate [19]

The share of renewable energy sources in electricity generation in gigawatt% from a total of
2587.6 gigawatts. Electricity generation from hydropower is the largest source. Solar and wind
generation combined provide 50% of this share [19]. Geothermal, ocean, and biomass-based
power plants are responsible for about 6% of the total. Similarly, the materials and methods
component discusses the tools employed to prevent the emergence of potential biases and to
increase the accuracy of the review. The process incorporates sub-steps such as conducting
searches across numerous databases and sources to avoid leaving any study, published in less
recognised journals, out as well as synthesising the data to understand their inconsistency and
variability.

Iterative analysis is about organising the extracted data into thematic categories, identifying the
recurring patterns and refining the interpretations through ongoing reflection and discussion
among the research team [20]. This interactive procedure increases the resilience of the
synthesis procedure and makes the review inclusive, covering the breadth and depth of
literature on climate change impacts on renewable energy. The materials and methods section
expounds on the measures taken to eliminate the possibility of potential limitations and biases
during the review process. These sensitivity analyses will be performed to test the robustness
of the findings when excluding studies by some criteria or to assess the effect of extreme studies
on the overall results [21]. In addition, efforts are also made to reduce the subjectivity in data
extraction and synthesis through the use of standardised protocols and independent verification
by multiple researchers, the section talks about the strategies that are used to guarantee the
reliability and validity of the review findings. This may comprise assessing inter-rater
reliability, which involves evaluating the consistency of data extraction and synthesis among
researchers. This will increase the credibility of the review procedure. Peer debriefing and
813 |Page
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member checking can also be employed in order to seek feedback from external experts and
stakeholders, thus ensuring that the interpretations and conclusions drawn from the literature
are reliable because they are backed by sound evidence and expert opinions

Data availability was the major issue in this study particularly concerning the effect of
quantitative climate finance on the renewable energy projects in India. The absence of
comprehensive data on the flow of quantitative climate finance to India limits the ability to
analyse the impact of such finance on renewable energy projects [22]. Another issue that the
research faced was the problem of determining the results of quantitative climate finance on
renewable energy projects. It was a big deal to isolate the effect of quantitative climate finance
among other factors that have a bearing on the accomplishment of renewable energy projects
e.g. government policies and technologies. The findings of the study may not be applicable to
all renewable energy projects in India as the sample size was limited to a few case studies.
Notwithstanding the constraints, the study has the potential to contribute substantially to the
knowledge about the role of quantitative climate finance in the promotion of renewable sources
of energy in India. Through this research, action plans can be recommended to better allocate
quantitative climate finance to renewable projects.

4. Results and Discussion

The results of the study show that quantitative climate finance has been effective in promoting
renewable energy projects in India [23]. The financial support of solar power leads the whole
renewable energy industry, and wind power comes in second place. The reason behind this is
the fact that solar and wind energy are seen as the most perceptible sources of renewable energy
in India having a geographical location and climate conditions [24]. The financial help given
to renewable energy projects has been the main reason for the achievement of the renewable
energy targets in India. The country has projected an aggressive goal of having 40% of
generated electricity from non-fossil fuel sources by 2030. The findings of the study imply that
climate finance has made a lot of contribution towards India reaching the target of 175 GW by
2022 with renewable sources being 21.5% in the mix of the whole country's electricity
generation in 2020 [25]. Assessments of climate financing programmes and renewable energy
sector interventions have shown several beneficial results. To illustrate, the solar power project
in Rajasthan, a state that was supported by the World Bank, has gained much popularity. More
than 100,000 families have received renewable energy from the initiative, which has reduced
greenhouse gas emissions [26]. Similarly, the Asian Development Bank-funded Tamil Nadu
wind energy project has reduced fossil fuel use and contributed to the renewable energy
objective. The study points out the difficulties and barriers faced by renewable energy projects
even with climate finance support in its findings as well. One of the greatest problems is the
high capital investment requirements of renewable energy technologies, which make them
unattractive for many owners. Furthermore, the absence of infrastructure and insufficient
transmission and distribution networks in many parts of the country are the major obstacles to
the expansion of renewable energy. Moreover, the study finds that there is a lack of awareness
and knowledge among the public people about renewable energy technologies, and therefore,
the adoption of these technologies is hindered.
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Figure 4: Climate change impacts on renewable energy generation. A review of
quantitative projections [27]

The impact of climate change on different renewable energy sources is complex and it is
explored in the conclusion and discussion section of the paper this section is based on the
literature review [27]. The article starts by describing the regional differences in the impact of
climate change, especially the sun, wind, biomass, wave, and geothermal energy. The
integration of the outcomes provides an assortment of patterns over different geographical
locations, whereby some regions observe improved prospects for renewable energy generation
while others encounter increased challenges from climate variability. While examining solar
energy, the results show that divergent regional patterns exist so that some of the regions are
increasing in solar irradiation, while other regions are fluctuating or declining [28]. In the same
way, the study of wind energy shows the changes in wind patterns and strengths, which is the
reason why local assessments are important for the planning and deployment of wind power
projects. Moreover, the analysis of biomass, wave, and geothermal energy demonstrates the
complicated interactions between climate factors and resource availability, therefore, the
demand for device-specific strategies for the sustainable utilisation of these renewable
resources remains [29]. The dialogue is about the consequences of these findings to consent on
climate change projections and implications for renewable energy planning and policy
formulation. Despite the fact that the modelling techniques have been improved, the climate
systems are still too complicated to be accurately predicted in the future, which means that the
risk assessment and the adaptive management strategies should be robust [30]. In addition, the
discourse outlines the position of the interdisciplinary approach combining the fields of climate
science, engineering, economics and policy-making to tackle the multifaceted issues caused by
climate change to renewable energy systems.

This part also highlights the areas of ignorance, indicating the necessity for deepening the
insights into the less studied places and types of renewable energy technologies as well. The
main areas for future research are the improvement of the spatial and temporal resolution of
climate models, the better understanding of climate-energy interactions at the local level, and
the assessment of the socio-economic implications of climate change on renewable energy
access and affordability. The study analyses the research gaps, so it offers valuable insights on
this study guiding the future research agenda and giving evidence-based decision-making for
renewable energy planning and policies. The synthesis of diverse findings with the critical
evaluation of their implications provides another layer of understanding about the dynamics
driving the evolving renewable energy landscape in the age of changing climate. The
consequences of these results are important for decision-making, sustainable development, and
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future research [31]. In the first place, the study highlights the necessity of providing further
financial aid for renewable energy projects that will eventually help India achieve its targets of
renewable energy. However, the work also draws attention to the necessity of innovative
financial mechanisms to combat the high initial costs of renewable energy technologies [32].
Besides, the study highlights the significance of investing in the infrastructure and transmission
and distribution networks in order to support the growth of renewable energy. In conclusion,
the paper indicates the necessity for a more informed and knowledgeable public about
renewable technologies, thus decreasing the barriers to their deployment. This research
demonstrates that climate finance has become an important part of renewable energy
development in India and has significantly contributed to the country's reaching renewable
energy goals. While the country has made tremendous progress in this area, there is still a risk,
barriers and challenges are significant and need to be addressed to ensure the growth of
renewable energy [33].

S. Conclusion

The purpose of this study was to define quantitative climate finance with its impact on the
renewable energy sector in India. By the earlier example of quantitative financing for
renewable energy projects, it has been seen how common financing can help India achieve its
renewable energy goals. It is seen from the analysis that the qualitative finance investment in
the renewable energy sector has a good influence on India [34]. Rising production of renewable
energy, dropping levels of greenhouse gas emissions, and rising energy security have been
witnessed. It has highlighted some problems and obstacles that need to be tackled for the
successful implementation of quantitative financial climate skills for the promotion of
renewable energy in India. It is seen that governments should be the ones to regulate and create
the needed renewable energy policies as a way of using renewable energy [35]. It is known that
the government's policies such as the National Solar Mission and Renewable Energy Certificate
Mechanism have been the stepping stone for the production of renewable energy and attracting
foreign investment in the sector. Nevertheless, there is not only the problem of policy
implementation and coordination but also the matter of addressing them to ensure that the
success of these policies will be sustained.

Therefore, the conclusion brings attention to the necessity of taking into account the climate
impacts when drawing up policy and planning documents. This underscores the necessity of
the search for the solution to the problem of the knowledge gaps and the need for evidence-
based decisions during the period of the green transition process. Last but not least is the
multilateral development banks which are the major sources of climate finance in India. It has
done so by highlighting the banks' role in green energy projects in India and how they can
create a reliable chain of facilitation for investors who want to invest in renewable energy but
are scared of the risks. This refers to the certain difficulties in financing the CO2 scandal
especially small and medium sized enterprises [36].

Besides, it proves that the private sector investment in renewable energy in India is also made.
This may be proof that private sector investments have played key roles in the development of
renewable energy in India. On the other hand, its application scenario may be for increasing
the rate of renewable energy production or attaining the overall renewable energy targets in
India. The above study also pointed out that some of the problems, for instance, risk perception
and market barriers, still exist. It needs to be fixed so that the private sector investment in



Dr.T.S. Devaraja
Business, Management and Economics Engineering, 2024 Volume 22 Issue 1, ISSN: 2669-2481 / eISSN: 2669-249X 817

renewable energy can endure in India. It has realised that quantitative climate finance can be
used in setting up renewable energy projects, to increase renewable energy generation and to
decrease greenhouse gas emissions. Nevertheless, it has also pointed out some problems and
obstacles that need to be addressed for the future development of quantitative climate finance
towards the advancement of renewable energy in India through the accurate statement of the
goal of this financial framework which is the continuity of support and investment in renewable
energy projects. The report suggests that the Government of India, through policies and rules,
should be persistent in supporting renewable energy and, in addition, multilateral development
banks and private sector investors should continue offering to fund for renewable energy
projects.
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