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Abstract - This project explores the innovative integration
of a hydroelectric power generation system within a ship's sea
chest line. The sea chest is a critical inlet for seawater intake,
serving various onboard systems such as cooling and ballast.
By installing a small turbine and generator in this line, we aim
to use the kinetic energy of the seawater flow to produce
supplemental electricity, reducing fuel dependency and
improving the ship's overall energy efficiency. The study
details the design, installation and operational impact of the
hydroelectric system while addressing key engineering
considerations such as turbine selection, corrosion resistance
and minimal flow disruption. Performance testing
demonstrates the system's ability to generate additional
electricity without compromising essential ship functions.
Furthermore, this solution aligns with sustainability goals by
reducing greenhouse gas emissions and fuel costs, contributing
to the maritime industry's environmental responsibility.
Challenges including biofouling, variable flow rates and
regulatory compliance were identified and mitigated through
material selection, adaptive control systems and safety
protocols. The project concludes that hydropower generation
from a sea chest line is a viable and scalable option for
increasing energy efficiency on marine vessels, with the
potential for adoption across a variety of ship types and
retrofitting applications.
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1. INTRODUCTION

Hydroelectric power is a proven technology used to generate
electricity using water flow. In this project, we explore an
innovative application of hydroelectric power generation by
integrating a hydroelectric power system within a ship's sea
chestline. The sea chest is an inlet in the ship's hull through
which seawater is drawn for cooling, ballast and other
onboard systems. By installing a hydroelectric generator in
this line, we aim to capture some of the kinetic energy of the
flowing seawater to produce electricity, thereby improving

the ship's overall energy efficiency and reducing fuel
consumption.

2. OBJECTIVES
The main objectives of this project are:
e To design and install a hydroelectric generator
within a ship's sea chest line.

e To feasibility of generating
supplementary electricity through seawater flow.

evaluate the

e Measuring the impact of this system on the ship's
energy efficiency and emission reduction.

e Identifying the technical challenges and potential
benefits of such an installation.

3. SCOPE OF THE PROJECT

e The scope of this project includes:

e Designing a small hydroelectric power generator
suitable for installation within the sea chest line.

e Modifying the ship's sea chest line to accommodate
the generator without compromising seawater flow
to other essential systems.

e Performing performance testing to evaluate the
system's power output and reliability.

e  Analyzing the financial and environmental impact of
the power generated.

4. DESIGN AND ENGINEERING

System Overview: The proposed system consists of a small
hydroelectric turbine placed within the sea chest line. As
seawater is drawn through the sea chest for various uses, it
flows through the turbine, rotating it to generate electricity.

Turbine Selection: The turbine design must handle variable
flow rates without excessive pressure loss, which could
affect the availability of seawater for critical systems. A
compact, low-head turbine (e.g., Kaplan or Francis-type) is
selected because of its efficiency at the low pressure and
flow conditions typical of sea chest lines.

© 2026, IRJET | ImpactFactor value: 8.315

ISO 9001:2008 Certified Journal | Page 1941



‘ , International Research Journal of Engineering and Technology (IRJET)
L
JE

Volume: 13 Issue: 05 | May 2026

www.irjet.net

e-ISSN: 2395-0056
p-ISSN: 2395-0072

Generator and Control System: A compact generator is
coupled to the turbine, which converts mechanical energy
into electrical energy. A control system ensures that the
generated electricity is safely integrated into the ship's
electrical system or stored in batteries.

5. OPERATING SYSTEM

Water enters the sea chest through the ship's hull as it
moves forward into the sea, usually at high velocity.
Turbines installed inside the sea chest or within a specially
designed bypass channel are spun by the flow of water. This
rotational motion drives generators that produce electrical
energy. The electricity generated can be used to supply
auxiliary systems on the ship, such as lighting, navigation
and other operational machinery, thus reducing dependence
on fuel-powered generators or the ship's main engines.

VALVE

Fig. 1: Sea water intake

Fig. 2: Hydro turbine with generator

6. INSTALLATION AND COMMISSIONING

Installation planning: Turbine and generator assemblies are
fabricated in advance and integrated with the sea chest line
during a scheduled maintenance period. Modifications to the
sea chest and piping are kept to a minimum to avoid
extensive downtime and structural impacts.

Safety and testing: After installation, extensive tests are
carried out to ensure that there are no leaks or pressure
problems in the sea chest line. Safety measures are taken to

immediately disconnect the generator in case of abnormal
seawater flow or turbine malfunction. - Cooperating with
naval and law enforcement authorities

7. PERFORMANCE AND EVALUATION

Data collection: Data on flow rate, power generation,
pressure drop and performance of the seawater system are
collected. Real-time monitoring enables a detailed evaluation
of energy production and impact on the seawater system.

Energy analysis: The potential energy production of the
system is calculated based on the flow data, with daily,
monthly and annual power generation analysed.

Efficiency and ROI: Efficiency is evaluated by comparing the
power generated to the installation and maintenance costs,
and an ROI analysis is performed to assess the financial
viability of the system.

8. ENVIRONMENTAL AND ECONOMIC IMPACT

Fuel savings and emission reduction: By generating
supplementary power, the system can reduce reliance on
diesel generators, leading to reduced fuel consumption and
emissions.

Maintenance and operating costs: The low-maintenance
design of the hydroelectric generator reduces operating
costs, with frequent inspections being sufficient for reliable
operation.

Environmental benefits: The system promotes green energy
on marine vessels, reducing the ship's carbon footprint by
utilising renewable resources

9. CHALLENGES AND SOLUTION

Seawater corrosion: The system comes into contact with
seawater, which can cause corrosion. Solution: All
components are manufactured from corrosion-resistant
materials, such as stainless steel or coated with corrosion-
resistant layers.

Pressure drop: Adding a turbine can restrict seawater flow.
Solution: Choose a turbine with low head loss and optimize
the flow dynamics to minimize resistance.

Variable flow rate: Flow rates vary depending on the ship's
operation. Solution: A variable speed generator adapts to
changes in flow to maximize efficiency.
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10. TECHNOLOGICAL INNOVATION

Advanced materials: Use of modern composite materials and
advanced anti-corrosion coatings to increase the lifespan of
components exposed to seawater.

Smart monitoring systems: Incorporation of IoT
sensors and Al-powered predictive maintenance. This
system can monitor parameters such as flow rate, pressure,
temperature, and turbine performance, and alert operators

about potential issues in real-time.

Energy storage and distribution: Integrating hydroelectric
generators with onboard energy storage solutions such as
supercapacitors or advanced batteries to store surplus
power for later use, thereby improving energy utilization.

11. REGULATORY AND COMPLIANCE
CONSIDERATION

Maritime regulation compliance: Ensuring that the system
complies with international maritime safety and
environmental regulations (e.g, IMO and MARPOL
standards) for new technologies and emission reduction.

Class society approval: Collaboration with classification
societies (such as Lloyd's Register, ABS, or DNV) to ensure
that the system meets standards for installation, operation,
and structural integrity.

Environmental impact assessment: Assessment to ensure
that the seawater turbine has a minimal impact on the
environment, particularly considering potential changes to
seawater discharge and flow patterns.

12. RISK ASSESSMENT AND MITIGATION

Risk of biofouling: Seawater systems are prone to biofouling,
where organisms accumulate and affect performance.
Solution: Implement anti-fouling measures such as UV light
or periodic cleaning protocols to keep the turbine
operational.

Impact on other systems: Ensuring the hydroelectric
generator does not impact the ship’s critical seawater
systems, such as engine cooling. Solution: Include bypass
mechanisms or secondary routes to ensure constant water
flow.

Power stability: The variable nature of seawater flow can
cause fluctuations in power output, which can impact ship
systems. Solution: Use power smoothing or inverter systems
to stabilize the power generated.

13. ALTERNATIVE APPLICATION AND EXPANSION
OPPORTUNITES

Adaptability to different vessels: Analyze how this
technology can be adapted to other types of vessels (e.g.,
fishing boats, cruise liners, offshore vessels) based on their
unique seawater use patterns.

Integration with hybrid power systems: Evaluate how the
hydroelectric system can complement hybrid power
systems, where renewable sources such as solar or wind can
work alongside hydroelectric generators.

Ability to retrofit existing vessels: Develop modular designs
that allow this hydroelectric system to be retrofitted onto
existing vessels, thereby expanding the potential market and
impact.

14. SUSTAINABILITY AND CORPORATE SOCIAL
RESPONSIBILITY (CSR)

Contribution to Sustainable Development Goals (SDGs):
Highlight how the project aligns with the UN SDGs,
particularly those related to affordable and clean energy,
industry innovation, and climate action.

Impact on maritime industry reputation: By adopting green
technology, ship operators can improve their corporate
image, which attracts environmentally conscious, customers
and investors.

Long-term environmental benefits: Estimating the reduction
in greenhouse gas emissions over the ship’s operating life
due to reduced fuel consumption and increased energy
efficiency.

15. FINANCIAL ANALYSIS NAD FINANCING
OPPORTUNITIES

Cost-benefit analysis: Detailed analysis of installation and
maintenance costs versus long-term fuel savings and
reduced environmental penalties for emissions.

Financing and subsidy opportunities: Exploring green
energy grants, subsidies or low-interestloans available from
government agencies and environmental organizations to
support the initial investment.

Revenue potential: For ships with high seawater throughput,
the electricity generated may be sufficient to offset operating

energy costs, creating the potential for ROI over time.
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16. FUTURE RESEARCH AND DEVELOPMENT
DIRECTIONS

Improving Turbine Efficiency: Research turbine designs that
optimize performance for variable and low-flow seawater
conditions, thereby increasing overall efficiency.

Sea chest Line Modifications for Increased Flow: Investigate
potential modifications to the sea chest line to improve
water flow dynamics, thereby enabling more power
generation without impacting essential ship systems.

Possibility of Smart Grid Integration: With advances in smart
grid technology, explore the possibility of onboard energy
management systems that automatically distribute
generated power to the most energy-demanding areas of the
ship.

17. CASE STUDIES AND BENCHMARKING

Pilot Testing on Different Ship Types: Conduct case studies
to evaluate performance across different ship types and
operating conditions, establishing benchmarks for energy
efficiency gains and ROL.

Comparison with Other Renewable Technologies: Analyze
how this hydropower system compares to other onboard
renewable energy solutions such as solar or wind turbines in
terms of both power generation and space requirements.

Lessons learned from other marine hydropower
applications: Review any similar hydropower installations in
the marine industry to gain insight into challenges, success

factors and best practices.
18. OPERATIONAL AND MAINTENANCE PROTOCOL

Scheduled maintenance requirements: Develop a
maintenance program that aligns with the ship’s standard

drydock and overhaul cycles, ensuring minimal disruption.

Emergency shut-off procedures: Define procedures to isolate
or bypass the hydropower system during emergency
supply remains

situations so that the seawater

uninterrupted.

Crew training: Train crew members on the operation, basic
maintenance and safety aspects of the hydropower system to
ensure smooth day-to-day functioning.

19. MARKET POTENTIAL AND BUSINESS MODEL

Expanding to fleet-wide installation: If proven successful,
develop a business model for fleet-wide adoption to
standardize the hydroacoustic system across the company’s
vessels.

Revenue generation through licensing: Licensing the
technology for use by other maritime companies or
shipbuilders, thereby creating a new source of revenue.

Collaboration with shipbuilders: Creating partnerships with
shipbuilders and marine equipment suppliers to integrate
the hydroacoustic system into new builds, thereby enabling

a more seamless installation.

20. CONCLUSIONS

Integrating a small hydroelectric power system into a ship's
sea chest line is a practical and effective way to improve
energy efficiency. By using the natural flow of seawater
entering the ship, this system generates additional
electricity, which helps reduce fuel consumption and
emissions.

This project has shown that with careful planning and the
right materials, this system can be installed without affecting
the ship's essential seawater functions. Tests have confirmed
that it can generate electricity reliably with minimal
maintenance.

This technology offers a simple, sustainable solution to
reduce a ship's environmental impact and can be used on a
wide variety of vessels. With further development, it has
strong potential to become a standard feature for green,
efficient marine operations.
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