Special Issue, RISEM-2025
ISSN No:-2456-2165

International Journal of Innovative Science and Research Technology
https://doi.org/10.38124/ijisrt/25jun183

A Review on Operational Development of a
Hydroelectric Power Plant

Amit!; Pankaj?; Sohit Sharma?; Rohit Bhati*; Vikas®

(Lecturer); 2345(Student)
!Mechanical Engineering Department, IMT College of Polytechnic Greater Noida, India, 201310
2345Department of Mechanical Engineering, Greater Noida, India, 201310

Publication Date: 2025/07/14

Abstract: Hydroelectric power plants harness the energy of flowing or falling water to generate electricity, offering a
sustainable and renewable energy source. As the water flows through the turbines, it spins them, converting the potential
energy of the stored water into mechanical energy. As water flows through the turbines, mechanical energy is converted
into electrical energy. Hydroelectric power continues to play a vital role in meeting the world's growing energy demands
while supporting climate change mitigation efforts contributing significantly to global electricity production while
producing minimal greenhouse gas emissions. This abstract outline the basic operation, advantages, and environmental
considerations of hydroelectric power generation, emphasizing its role in achieving cleaner energy goals. Hydroelectric
power is one of the oldest and most widely used forms of renewable energy. It utilizes the energy of flowing or falling water
to generate electricity. As global energy demands increase and concerns about environmental sustainability grow,
hydroelectric power offers a clean, efficient, and reliable source of electricity with minimal greenhouse gas emissions. The
generators then transform this mechanical energy into electricity, which is distributed to the power grid for use in homes,

businesses, and industries.
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l. INTRODUCTION

It is a form of energy, a renewable resource.
Hydroelectric power plants are facilities that generate
electricity by harnessing the energy of flowing or falling
water. As one of the oldest and most widely used forms of
renewable energy, hydroelectricity plays a vital role in the
global energy mix. These systems typically involve the
construction of a dam across a river to create a reservoir,
where water is stored and later released through turbines. As
the water flows through the turbines, it spins them,
generating mechanical energy, which is then converted into
electricity by connected generators. Hydroelectric power
offers numerous advantages, including low operational
costs, reduced greenhouse gas emissions, and the ability to
supply a stable and flexible source of energy. However, it
also presents environmental and social challenges, such as
habitat disruption and the displacement of communities.
Despite these challenges, hydroelectric power remains a key
component of sustainable energy development worldwide.
Hydroelectric power plants are facilities that generate
electricity by utilizing the energy of moving water. As one
of the most established and widely used sources of
renewable energy, hydroelectric power plays a significant
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role in meeting global electricity demands sustainably.
These power plants typically operate by constructing a dam
across a river to store water in a reservoir. When the stored
water is released, it flows through turbines, causing them to
spin. This mechanical movement drives generators that
produce electricity. Hydroelectric power is known for its
efficiency, low greenhouse gas emissions, and ability to
provide a consistent and controllable ene Hydroelectric
power has been a cornerstone of renewable energy systems
for over a century. The academic and technical literature
surrounding hydroelectric power plants spans topics such as
energy efficiency, environmental impact, technological
development, and socio-economic implications. This review
summarizes key findings from major studies and research
papers to provide a comprehensive understanding of the
state of hydroelectric power technology and its role in
sustainable energy development.

1. LITRATURE REVIEW

» Historical and Technological Development:

Early literature highlights the historical evolution of
hydroelectric technology, beginning in the use of water for
mechanical work dates back thousands of years, but modern
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hydroelectric power generation began with the construction
of large dams and centralized generation systems.
Technological innovations such as Kaplan and Francis
turbines have greatly increased the efficiency and capacity
of plants. Explore the development of small-scale and
micro-hydropower systems, which are especially.

» Environmental Impact:

Environmental assessments form a significant part of
hydroelectric power literature that although hydroelectric
plants emit low greenhouse gases compared to fossil fuels,
large dam projects can lead to ecological disruption, habitat
loss, and methane emissions from submerged river
fragmentation from dams affects fish migration, sediment
transport, and water quality. Newer design approaches, such
as fish ladders and sediment bypass systems, are being
explored to mitigate these impacts.

» Economic and Social Considerations:

The socio-economic implications of hydroelectric
development are extensively documented. Scudder (2005)
emphasizes the challenges of resettlement and the disruption
of local communities, particularly in large-scale dam
projects. The economic benefits, such as job creation,
improved infrastructure, and energy security. Small
hydropower systems are noted in the literature (Kaunda et
al.,, 2012) for their ability to provide cost-effective,
decentralized energy in off-grid areas, with minimal
displacement or environmental harm.

» Efficiency and Integration:

The efficiency of hydroelectric power plants remains
one of their strongest advantages. According to the
International Energy Agency (IEA, 2021), hydroelectric
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plants have energy conversion efficiencies of 90% or
more—significantly higher than fossil fuel plants. Current
research focuses on grid integration, hybrid systems with
solar or wind, and energy storage technologies like pumped-
storage hydropower (PSH).

» Climate Change and Hydrological Variability:

Climate change on hydroelectric potential. Changes in
rainfall patterns, snowmelt timing, and drought frequency
can affect the reliability of hydro power. Adaptive strategies,
such as flexible reservoir management and diversification of
renewable sources, are critical research areas.

1. METHODOLOGY

As in fig 1. Hydroelectric power comes from water at
work, water in motion. It can be seen as a form of solar
energy, as the sun powers the hydrologic cycle which gives
the earth its water. In the hydrologic cycle, atmospheric
water reaches the earth= s surface as precipitation. Some of
this water evaporates, but much of it either percolates into
the soil or becomes surface runoff. Water from rain and
melting snow eventually reaches ponds, lakes, reservoirs, or
oceans where evaporation is constantly occurring.
Mechanical energy into another energy form electricity.
Since water is the initial source of energy, we call this
hydroelectric power or hydropower for short. At facilities
called hydroelectric power plants, hydropower is generated.
Some power plants are located on rivers, streams, and
canals, but for a reliable water supply, dams are needed.
Dams store water for later release for such purposes as
irrigation, domestic and industrial use, and power
generation. The reservoir acts much like a battery, storing
water to be released as needed to generate power.
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Fig 1 Hydroelectric Power Plant
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» Advantages:

e Renewable Energy Source: Hydroelectric power uses
water, which is a renewable resource. As long as the
water cycle continues, it can be harnessed for energy.

e Low Greenhouse Gas Emissions: Once the plant is
operational, it generates little to no greenhouse gases,
making it a cleaner alternative to fossil fuel-based power
generation.

o Efficient Energy Production: Hydroelectric plants are
among the most efficient energy producers, with
efficiency rates often exceeding 90%, meaning they
convert a high percentage of the potential energy in
water to electricity.

o Reliable and Consistent: Hydroelectric power
generation is generally very reliable, providing a
consistent source of energy, especially for plants with
large reservoirs.

e Energy Storage (Pumped-Storage): Some
hydroelectric plants use pumped-storage systems to store
energy for peak demand. Water is pumped to a higher
elevation during periods of low electricity demand and
released to generate power when demand is higher.

e Long Lifespan: Hydroelectric power plants typically
have long life spans (often 50 years or more), which
makes them a stable long-term energy solution.

e Flexibility: The power output of hydroelectric plants can
be adjusted relatively quickly to match energy demand,
providing flexibility to the grid.

e Flood Control and Water Supply: Dams associated
with hydroelectric plants can also serve dual purposes,
such as flood control, irrigation, and water supply for
nearby areas.

» Disadvantages:

e Environmental Impact: The construction of dams can
lead to significant environmental changes. It can affect
local ecosystems, disrupt fish migration, and alter river
habitats.

e Displacement of Communities: Large-scale
hydroelectric projects can require the displacement of
local communities and the flooding of land, which can
result in social and economic challenges for those
affected.

e High Initial Costs: The construction of hydroelectric
plants, especially large dams, can require significant
upfront investment in terms of infrastructure and
technology.

e Dependence on Water Availability: Hydroelectric
power is reliant on water flow, which can be affected by
droughts or seasonal changes. In areas with variable
rainfall, the availability of water might fluctuate, leading
to lower energy production.

e Impact on Fish and Wildlife: Dams can impede fish
migration, especially for species like salmon, and alter
the biodiversity of rivers. Efforts to mitigate these
impacts can be costly and complex.

¢ Risk of Dams Failing: Though rare, the failure of a dam
can lead to catastrophic flooding, endangering human
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lives and property. This risk increases if the dam is
poorly maintained or if it’s located in a seismically
active area.

e Limited Location Availability: Suitable locations for
large-scale hydroelectric plants are not available
everywhere. Ideal sites require both significant water
flow and the ability to construct large dams, which can
limit their geographic distribution.

e Sedimentation: Over time, sediments can accumulate
behind dams, reducing the reservoir's capacity to store
water and decreasing the plant's efficiency.

V. RESULT

To find the theoretical horse power (the measure of
mechanical energy) from a specific site.

This formula is used:

THP = (Q x H)/8.8

Where: THP = theoretical horsepower

Q = flow rate in cubic feet per second, H = head in feet
8.8 = a constant

» Electricity Generation:

Hydroelectric power plants convert the kinetic energy
of flowing or falling water into electrical energy. This is
achieved by water flowing through turbines that rotate and
drive generators.

» Reduction of Greenhouse Gas Emissions:

Compared to fossil fuel-based power plants,
hydroelectric plants produce little to no greenhouse gases
during operation, significantly reducing carbon footprints
and helping in the fight against climate change.

» Energy Storage and Grid Stability:

Some hydroelectric plants, particularly pumped-storage
hydroelectric plants, can store energy by pumping water to
higher elevations during times of low demand, which can
later be released to generate electricity when demand peaks,
ensuring grid stability.

» Flood Control and Water Supply:

The reservoirs created by dams can help control
flooding, providing a controlled release of water, especially
during heavy rainfall. They can also supply water for
agriculture, drinking, and industrial use, which is essential in
many regions.

V. CONCLUSION

Hydroelectric power plants play a crucial role in the
global energy landscape, offering a reliable, renewable, and
low-carbon alternative to fossil fuel-based energy sources.
By harnessing the potential energy of water, these plants
generate electricity efficiently and sustainably, with several
advantages such as long operational life spans, low
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greenhouse gas emissions, and the ability to provide both
flood control and water supply. However, like all energy
generation methods, hydroelectric power is not without its
challenges. The construction of large dams can have
significant environmental impacts, including ecosystem
disruption, displacement of local communities, and
alteration of river systems. Additionally, the reliance on
water flow can make these plants wulnerable to seasonal
variations and climate change, affecting their energy output.
Overall, hydroelectric power represents a key pillar in
renewable energy production, contributing to clean energy
goals and supporting economic growth. Yet, it is essential to
carefully manage and design hydroelectric projects to
minimize their environmental and social impacts. By
considering these factors, hydroelectric power can continue
to be a valuable part of a diverse, sustainable energy mix.
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