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ABSTRACT: This research paper explores the
potential collaboration between Canada and India in
the field of hydro power generation. While Canada
is a global leader, with over 60% of its power from
hydro sources, India relies more on coal power
generation. The paper emphasizes the need to tap
into India's hydro power potential and suggests
collaboration with Canada to enhance this aspect of
power production. The research methodology
includes a literature review, data analysis, and
examination of recent developments. It focuses on
Canada's excellence in hydro power generation,
including capacity, efficiency, environmental
impact, and economic benefits. The paper also
explores recent joint research initiatives, knowledge
exchange programs, and technological
advancements between the two countries. The
objective is to identify the scope for collaboration,
leveraging Canada's expertise to accelerate India's
transition to cleaner energy sources, reduce coal
dependence, and mitigate environmental concerns.
The potential outcomes include increased hydro
power capacity, improved grid stability, reduced
greenhouse gas emissions, and enhanced energy
security. The research findings provide valuable
insights for policymakers, industry stakeholders, and
researchers to facilitate future collaboration in hydro
power generation.
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I INTRODUCTION

India and Canada share a multifaceted
relationship encompassing various sectors, including
energy. This research paper aims to explore the
dynamics of energy cooperation between these two
countries, with a specific focus on their shared
objective of achieving net-zero emissions. The core
theme of this paper centers around the imperative

need for energy collaboration between India and
Canada and how the utilization of hydro power can
contribute to their respective net-zero emission
targets. This introduction will incorporate expert
opinions, empirical data, recent developments in
energy cooperation, and highlight Canada's
transition towards green energy despite its
abundance of natural resources and fossil fuels.

India's recent commitment to achieve net
zero emissions by 2070 has injected significant
momentum into the global climate agenda. Prime
Minister Narendra Modi outlined a comprehensive
plan that includes obtaining 50% of India's energy
from renewable resources by 2030 and reducing
total projected carbon emissions by one billion
tonnes ( Singh , 2022 ). This commitment has
garnered international attention and sets the stage
for enhanced energy cooperation between India and
Canada.

According to Arunabha Ghosh, CEO of the
Council on Energy, Environment and Water, India's
ambitious energy targets represent "real climate
action," placing the onus on the developed world to
follow suit. India's determination to pursue
renewable energy solutions, including hydro power,
underscores its commitment to addressing climate
change without compromising its economic
potential (Ghosh , 2023 ) .

The concept of net-zero emissions, defined
as achieving a balance between anthropogenic
greenhouse gas emissions and their removal from
the atmosphere, has gained traction globally . Net-
zero targets are regarded as crucial long-term
ambitions for climate policies, as highlighted in the
Paris Climate Agreement (Sun , Sturcken &
Hamburg ,2021). Such targets necessitate
cooperation between nations, and the collaboration
between India and Canada in the energy sector is
pivotal to achieving their respective goals.

Hydropower emerges as a critical driver of
energy cooperation between India and Canada.
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India, with its vast potential for hydroelectric
projects, can leverage this clean and renewable
energy source to reduce its carbon footprint and
enhance energy security through diversification of
its energy mix (Rahaman , 2020). As noted by Ritu
Mathur , an energy policy analyst at the
International Institute for Sustainable Development,
hydro power can play a transformative role in
India's pursuit of net-zero emissions (Vats & Mathur
, 2022 ). Similarly, Canada, renowned for its
abundant natural resources and fossil fuels,
acknowledges the importance of transitioning to
green energy sources. Canada's focus on hydro
power aligns with the global push towards
decarbonization and emphasizes the country's
commitment to sustainable development.

Recent developments highlight the growing
collaboration between India and Canada in the
energy sector. Both countries have engaged in
knowledge-sharing initiatives, technological
exchanges, and joint research projects focused on
renewable energy and energy efficiency. For
instance, India and Canada have been exploring
partnerships in areas such as solar energy, wind
power, and smart grid systems. These endeavors
foster a robust foundation for energy cooperation

Review of Existing Literature

This study assesses the efficiency of
hydroelectric power generation in Canada through
the application of the Technique for Order
Preference by Similarity to Ideal Solution
(TOPSIS) method. Factors such as electricity
generation capacity, profitability, environmental
benefits, and social responsibility are taken into
account to evaluate the effectiveness of
hydropower plants. The research underscores the
significance of energy conservation and social
responsibility in determining the overall efficiency
of hydropower corporations. Furthermore, it
identifies specific regions in key economic areas
with lower hydropower generation efficiency,
indicating the necessity for targeted improvements
in those locations. Notably, the study reveals a
positive trend in the overall efficiency of
hydropower generation in Canada. After a previous
decline from 2005 to 2011, there was notable
improvement in 2012, suggesting the potential for
progress during that period(Wang , Nistor & Murty
, 2014).

Using a counterfactual back-casting
method and a sectorally and regionally
disaggregated dynamic recursive computable
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and pave the way for future collaborations aimed at
achieving their net-zero emission targets.

Empirical data substantiates the
significance of energy cooperation between India
and Canada. The Indian Energy Outlook 2021 report
emphasizes the remarkable progress India has made
in renewable energy adoption and underscores the
need for continued advancements in addressing
challenges like reliable electricity supply and air
pollution ( Kumar & Sharma , 2016) . Moreover,
studies on global net-zero emission targets indicate
the growing global interest in such commitments .

In conclusion, energy cooperation between
India and Canada holds immense potential in
driving their respective journeys towards net-zero
emissions. With India's ambitious targets and
Canada's transition towards green energy despite its
resource abundance, collaboration in areas like
hydro power can act as a catalyst for achieving
sustainable energy systems. This research paper will
delve deeper into the intricacies of this cooperation,
examining case studies, policy frameworks, and the
potential for future advancements. By exploring
these facets, a comprehensive understanding of the
India-Canada energy partnership can be obtained,
facilitating the global shift towards a sustainable and
low-carbon future.

general equilibrium model, this study analyzes the
impact of energy efficiency improvements on
various aspects of the Canadian economy. The
research quantifies the effects of energy efficiency
enhancements and reveals positive outcomes
during the studied period. Specifically, the findings
indicate a 2.0% increase in GDP (equivalent to
0.19% per year), a 2.5% rise in employment
(0.24% per year), and an approximate 1.5%
improvement in household welfare (0.15% per
year). However, the study also identifies rebound
and backfire effects, emphasizing the importance of
prioritizing energy efficiency measures to ensure
sustainable economic growth(Bataille's ,2017).

This review delves into the motivations
and encounters of Indigenous peoples in Canada
who are actively participating in renewable energy
projects. The focus is on identifying the driving
forces behind their engagement, such as the desire
to emancipate from colonial legacies, achieve
energy autonomy, establish dependable systems,
and attain long-term financial advantages. The
review underscores the  significance  of
incorporating Indigenous  perspectives  in
developing sustainable energy solutions. To ensure
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a well-rounded approach to Indigenous-settler
reconciliation and foster successful renewable
energy initiatives, it suggests the need for further
research to address existing knowledge gaps (Smith
,2020).

Emphasizing the crucial role of public
sentiment in the successful establishment and
implementation of energy systems, especially
concerning communities residing near existing or
planned energy developments. This systematic
review encompasses both quantitative and
qualitative empirical studies released from 1980 to
2018. The primary focus is on understanding the
factors that shape local residents’ viewpoints
regarding hydropower projects. To carry out this
review, the author conducts extensive searches
across various databases and journals, utilizing
numerous keywords and synonyms related to
hydropower and public perceptions (Mayeda &
Boyd , 2020)

The impacts and  dynamics  of
transboundary hydropower dams are the subject of
examination in this study. By analyzing 1,264 peer-
reviewed articles published between 2009 and
2019, the research sheds light on the benefits,
challenges, and governance aspects associated with
these dams. Across four continents, the review
identifies 90 transboundary dams and underscores
the importance of comprehending benefit sharing
arrangements,  governance  imbalances, and
achieving equitable energy outcomes. The study
calls for further exploration into hydropower
benefits, equity considerations, and governance
dynamics to foster more sustainable and just
outcomes.

India and Canada possess complementary
energy sectors, with India serving as a significant
importer of oil and Canada being a notable exporter
of oil and gas. While Indian oil companies have
made investments in oil fields around the world,

Analysis of Empirical Data Related to Canada's
Excellence in Hydro Power Generation
1. According to the Canada Energy Regulator,
in the Evolving Policies Scenario,
hydro/wave/tidal capacity in Canada is
projected to increase from 81 GW in 2020
to 86 GW in 2050, representing an increase
of 6% . In 2050, hydro is expected to
account for 55% of Canada's electricity
generation .
2. The Statista report states that hydroelectric
sources generated 392.5 terawatt-hours

they have missed opportunities in Canada's oil
sector. A potential collaboration and investment in
Canada's petroleum sector could afford India long-
term demand security and mitigate risks associated
with oil price spikes. Concurrently, it would benefit
Canada by establishing a dependable market for its
energy exports(Llamosas & Sovacool , 2021).

The exploration delves into India's energy
crisis and advocates the establishment of small
hydro power (SHP) plants as a viable and
sustainable remedy. The analysis scrutinizes
existing hydropower strategies, policies, and
underscores the significance of SHP in addressing
energy needs for both grid-connected and remote
regions (Sharma ,Tiwari & Sood , 2013)

This paper centers on the promise of solar
energy as a viable solution to India's energy
challenges. It emphasizes that solar power has the
capacity to play a significant role in India's strategy
to augment energy capacity, bolster energy
security, combat environmental issues, and tap into
the growing renewable energy market. Moreover,
the study delves into the potential of emerging
renewable energy technologies, such as solar
thermal electricity (STE) or concentrating solar
power (CSP), for electricity generation in
India(Sharma & Tiwari , 2012)

The importance of evaluating greenhouse
gas (GHG) emissions risk in hydropower reservoirs
is underscored, with a particular focus on the Tehri
reservoir case. Despite initial projections indicating
higher vulnerability and climate impact, the actual
emissions turned out to be lower. The research
emphasizes  the significance of utilizing
comprehensive data and enhanced modeling
techniques to precisely assess GHG emissions and
effectively mitigate the environmental impact
associated with such reservoirs. ( Kumar & Sharma
, 2016).

(TWh) of electricity in Canada in 2022,
significantly more than any other electricity
generation type. This accounts for a large
portion of Canada's total electricity
generation, which was around 640 TWh in
the same year .

3. The dataset provided by the Canada Energy
Regulator  includes  provincial  and
Canadian  electricity  capacities and
generation data from all sources. This
dataset covers the period from 2005 to
2016 and provides  comprehensive
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information on hydro power generation and
capacity across Canada .
Source : CER- Canada Energy Future2021 Fact
Sheet

These sources provide empirical data showcasing
Canada's significant reliance on hydro power
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Canada's Excellence in Hydro Power
Generation

Installed capacity of hydro power in
Canada: Canada has a significant installed capacity
of hydro power. As of the available data from the
Canada Energy Regulator, in the Evolving Policies
Scenario, Canada’'s hydro, wave, and tidal power
capacity is projected to increase from 81 GW in
2020 to 86 GW in 2050. This showcases Canada's
substantial investment and commitment to hydro
power generation.

Efficiency of hydro power generation in
Canada: Hydro power is known for its high
efficiency in converting the energy of flowing
water into electricity. While specific efficiency data
for hydro power generation in Canada is not
explicitly mentioned in the provided information,
hydroelectric power is recognized as one of the
most efficient forms of renewable energy
generation. It offers a reliable and consistent source

of electricity with low operating costs and high
conversion efficiency.

Environmental impact of hydro power
projects in Canada: Hydro power projects in
Canada have both positive and negative
environmental impacts. On the positive side, hydro
power is a clean and renewable energy source that
produces no direct greenhouse gas emissions
during operation. It helps reduce reliance on fossil
fuels and contributes to mitigating climate change.
However, hydro power projects can have
environmental challenges, such as altering natural
river ecosystems, affecting fish habitats, and
potentially displacing wildlife and indigenous
communities. These impacts need to be carefully
considered and managed through responsible
project planning, environmental assessments, and
mitigation measures.

Economic benefits associated with hydro
power generation in Canada: Hydro power
generation brings significant economic benefits to
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Canada. It creates job opportunities throughout the
project lifecycle, from construction to operation
and maintenance. The development of hydro power
projects stimulates local economies and can
contribute to regional growth. Additionally, hydro
power provides a stable and long-term source of
energy, which enhances energy security and
reduces dependence on imported energy sources. It
also supports the growth of related industries, such

Collaboration between Canada and India

Overview of recent developments in
collaboration between Canada and India in hydro
power generation: Canada and India have been
engaging in collaborations and partnerships in the
field of hydro power generation. The 7th India-
Canada Joint Science and Technology Cooperation
Committee (JSTCC) meeting took place in May
2022 in Ottawa. The meeting provided an
opportunity to articulate a renewed strategic
direction for the implementation of the 2005
Agreement for Scientific and Technological
Cooperation between the two countries. The
collaboration focuses on various innovative fields,
including hydro power generation, agriculture and
food security, health sciences, clean technologies,
environmental research, marine and polar research,
quantum and artificial intelligence, and human
capacity development and researcher mobility

Joint research initiatives between the two
countries: Canada and India have initiated joint
research initiatives to foster collaboration in hydro
power generation. These initiatives aim to promote
knowledge exchange, technological advancements,
and sustainable development. Specific details of the
recent joint research initiatives in hydro power
generation between Canada and India are not
available in the provided information. However,
the collaborations encompass various aspects of
scientific and technological cooperation, which
likely include research projects related to hydro
power generation and its optimization.

Knowledge exchange programs and
technological advancements: Canada and India
have been engaged in knowledge exchange
programs and technological advancements in the
field of hydro power generation. These programs

Scope and Potential Outcomes

Identifying the scope for collaboration
between Canada and India in hydro power
generation: Canada and India have recognized the
significant potential for collaboration in the field of
energy, including hydro power generation. Both

as equipment manufacturing and engineering
services.

Overall, Canada's excellence in hydro
power generation is demonstrated through its
substantial installed capacity, the efficiency of
hydroelectric  systems, the consideration of
environmental impacts, and the economic
advantages it brings to the country.

facilitate the sharing of expertise, best practices,
and research outcomes between the two countries.
The specific details and recent developments
regarding knowledge exchange programs and
technological advancements in hydro power
generation between Canada and India are not
mentioned in the provided information.

Examples of successful joint ventures and
case studies: Indo-Canadian Clean Energy
Initiative: India and Canada have collaborated on
the Indo-Canadian Clean Energy Initiative, which
aims to promote clean energy technologies,
including hydroelectric power. The initiative
focuses on knowledge sharing, technology transfer,
and capacity building in the renewable energy
sector. Both countries have a strong focus on
renewable energy development, including hydro
power, and have a history of collaboration in
various sectors. Collaborative efforts may involve
joint ventures between Canadian and Indian
companies, research institutions, or governmental
organizations to develop and implement hydro
power projects, exchange technical expertise, and
share resources.

Therefore, Canada and India have been
collaborating in the field of hydro power generation
through strategic meetings, joint research
initiatives, knowledge exchange programs, and
technological advancements. While specific recent
developments and examples are not provided in the
given information, the collaborations between the
two countries aim to enhance scientific and
technological cooperation, promote sustainable
development, and leverage the expertise of both
nations in hydro power generation.

countries have a long history of cooperation in
various sectors, and their energy dialogue has
provided a strong foundation for joint efforts . With
India's rapidly growing energy demand and Canada
being one of the largest energy suppliers in the
world, there is great complementarity between their
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energy agendas . The scope for collaboration in
hydro power generation involves leveraging
Canada's expertise and experience to support
India's transition to cleaner energy sources and
reduce its dependence on coal . This collaboration
aims to enhance energy security, promote
sustainable development, and align with the
provisions of the Paris Agreement under the
UNFCCC.

Leveraging Canada's expertise and
experience to accelerate India's transition to cleaner
energy sources: Canada possesses significant
expertise and experience in the field of hydro
power generation. Leveraging this expertise,
Canada can support India in accelerating its
transition to cleaner energy sources. This
collaboration could involve knowledge-sharing,
technology transfer, capacity building, and joint
research and development initiatives. Canada’s
experience in planning, developing, and managing
hydro power projects can provide valuable insights
and best practices for India to enhance its own
capabilities in this sector. By adopting cleaner
energy sources, India can reduce its reliance on
coal and contribute to mitigating environmental
concerns.

Reduction of India's dependence on coal
and mitigation of environmental concerns:
Collaboration between Canada and India in hydro

1.

In conclusion, this research paper has
highlighted the significant scope for collaboration
between Canada and India in hydro power
generation and its potential outcomes. The findings
indicate that both countries possess complementary
interests and resources in the energy sector, making
collaboration in this area highly advantageous.

The research findings have underscored
the urgent need for India to reduce its dependence
on coal and transition to cleaner energy sources.
Leveraging Canada's expertise and experience in
hydro power generation can greatly accelerate
India's clean energy transition. Hydro power, being
the largest renewable electricity technology by
capacity and generation, presents a viable solution
for India's energy needs while mitigating
environmental concerns.

Collaboration between Canada and India
in hydro power generation offers numerous
potential outcomes. Firstly, it can lead to increased
hydro power capacity, addressing the growing
energy demand in both countries. Secondly, it can
contribute to improved grid stability, ensuring
reliable and consistent power supply. Thirdly,

power generation can play a crucial role in
reducing India's dependence on coal and addressing
environmental concerns. Hydro power is a clean
and renewable energy source that produces
electricity without greenhouse gas emissions . By
increasing the capacity of hydro power generation

in India, the country can diversify its energy mix

and decrease its reliance on coal, which is a major

contributor to air pollution and greenhouse gas
emissions. Shifting towards cleaner energy sources
like hydro power can help mitigate environmental

concerns and improve air quality .

Potential outcomes of collaboration: The
collaboration between Canada and India in hydro
power generation can vyield several potential
outcomes:

1. Increased hydro power capacity: By leveraging
Canada's expertise, India can enhance its hydro
power capacity through the development of
new projects and modernization of existing
infrastructure.

2. Improved grid stability: Hydro power
generation can contribute to grid stability by
providing a reliable and controllable source of
electricity. Collaborative efforts can focus on
optimizing the integration of hydro power into
India's grid system, thereby enhancing stability
and minimizing disruptions.

Conclusion

collaboration will contribute to the reduction of
greenhouse gas emissions, aligning with the goals
of the Paris Agreement and combating climate
change. Lastly, it will enhance energy security for
both countries, reducing reliance on fossil fuels and
promoting sustainable development.

The research findings hold significant
importance for policymakers, industry
stakeholders, and researchers. Policymakers can
utilize these findings to develop and implement
strategies that promote collaboration between
Canada and India in hydro power generation. By
facilitating bilateral dialogues and strengthening
the institutional framework for cooperation,
policymakers can create an enabling environment
for joint efforts. Industry stakeholders can explore
business opportunities and partnerships to leverage
Canada's expertise and contribute to India's clean
energy transition. Researchers can build upon the
findings to further investigate innovative
technologies, optimize hydro power systems, and
address challenges related to water availability and
aging infrastructure.
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Overall, this research emphasizes the
immense potential for collaboration between
Canada and India in hydro power generation. It
highlights the importance of leveraging Canada's
expertise to accelerate India's transition to cleaner
energy sources and reduce environmental concerns.
The research findings provide valuable insights for
policymakers,  industry  stakeholders,  and
researchers, enabling them to facilitate future
collaboration and exploit the full potential of hydro
power generation. By harnessing the strengths of
both countries, this collaboration can contribute to
a sustainable and secure energy future for Canada,
India, and the world.
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