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Preface 
This booklet has been developed to guide Research in Uganda’s Electricity Generation sector 

with a focus on Hydropower Infrastructure. The research topics in this booklet cut across 

various disciplines from Engineering to Occupational Health and Safety through to Financing 

and Economics of hydropower Infrastructure. 

The research topics address current technical challenges, safety considerations, and economic 

opportunities in Uganda’s Electricity Generation sector. Each topic reflects actual 

observations, Gaps in Technical Reports, Operational reviews, and Modernization efforts in 

Uganda’s Electricity Generation space.   

The book aims to Provide researchers with focused, relevant, and feasible project ideas for 

Uganda’s Hydropower power plants, support academic supervisors and lecturers in guiding 

student research in the field of Uganda’s Hydropower infrastructure and encourage 

interdisciplinary thinking and innovation in the hydropower sector. 

As Uganda moves towards a more resilient and diversified Energy sector, the booklet is 

intended to help bridge academic research and hydropower research priorities. It is our hope 

that the topics presented in this booklet inspire new ideas, foster collaboration, and promote 

solutions that advance both engineering excellence and socio-economic development for 

Hydropower Infrastructure in Uganda.  

For further information you can reach out to the UEGCL Research Team 

 

UEGCL research unit 

Uganda Electricity Generation Company Ltd. 

Block C Plot 6-9 Okot Close Bukoto Victoria Office, 

P.O. Box 75831, Kampala, Uganda 

Telephone: +256 312 372165 

E-mail: research@uegcl.go.ug 

Web: https://www.uegcl.com/services/research-innovation/  
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About UEGCL 
Uganda Electricity Generation Company Limited (UEGCL) is a public enterprise fully owned 

by the Government of Uganda. It is mandated to develop, operate, and maintain electricity 

generation facilities across the country and promotes research in Uganda electricity 

Generation Sector 

UEGCL has grown to include the 183MW Isimba Hydro Power Plant, 50MW Namanve 

Thermal Power Plant, 600MW Karuma Hydro Power Plant and the 380MW Naluubale Kiira 

Power plant. UEGCL also has serval ongoing projects; the Construction of Nyagak III 

hydropower plant, the Rehabilitation of the Naluubale Kira Power plants.    

The company actively collaborates with academic institutions to support applied research and 

practical learning for engineering and Electricity generation focused students. 

This Research Topics Booklet is part of UEGCL’s broader commitment to knowledge 

transfer, research and Innovation, and long-term Hydropower resilience for Uganda’s Energy 

Sector 
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How to Use This Booklet 
This booklet is designed to help Researchers, students and academic supervisors to identify 

and pursue research projects grounded in real-life power generation challenges. It is 

structured by discipline and organized into chapters that reflect technical or thematic areas 

relevant to Uganda’s Hydropower Industry. 

For Students: 

• Use the topics as a starting point for your project or academic research. 

• Discuss with your supervisor how to refine or customize each topic to match your 

interests and available data. 

• Where possible, consult hydropower research resources to support your work. 

For Supervisors: 

• Recommend relevant chapters to students based on their program specialization. 

• Use the topics to spark classroom discussions, guide proposals, or support field-based 

learning. 

• Encourage interdisciplinary research by linking topics across chapters (e.g., Economics 

+ Engineering). 

 

Role of UEGCL in the Research Projects 

• Offer access to UEGCL Hydropower Plant data and reports that inform problem 

statements. 

• Review and approve methodologies that involve critical systems, plant data, or 

proprietary technologies. 

• Encourage co-learning and knowledge transfer through collaborative student-staff 

engagement. 

• Facilitate piloting and scaling of promising research outputs within the company or 

through partnerships. 

 

On starting or completion of any of the topics, students are encouraged to reach out to 

UEGCL research unit via the email address provided to organise for a presentation to the 

relevant Teams to ensure maximum output of the outcomes. 

Each topic is framed to be researchable, practical, and relevant to Uganda’s electricity 

generation needs. 
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Glossary of Terms 

Term Definition 

Climate Resilience 
The ability of a system or community to anticipate, prepare 

for, and respond to climate-related disturbances. 

Condition Monitoring 
Techniques used to assess the health of machinery and predict 

failures using real-time sensor data. 

Condition-Based 

Maintenance (CBM) 

Maintenance strategy that uses real-time data to schedule 

interventions based on asset condition rather than time 

intervals. 

Dam Safety 

Inspection 

A structured assessment of a dam’s physical integrity and 

operational performance, aimed at identifying risks and 

maintenance needs. 

Digital Twin 
A digital replica of physical assets, systems, or processes used 

to simulate, predict, and optimize performance. 

Draft Tube 
A conduit that discharges water from the turbine to the 

tailrace while recovering residual kinetic energy. 

Early Warning 

System (EWS) 

A system designed to alert operators and communities of 

impending hazards such as dam failure or flooding. 

Ecosystem Services 
The benefits people obtain from ecosystems, such as clean 

water, food, and flood control. 

Emergency Spillway 

A secondary channel or structure used to safely pass excess 

water during flood events when the main spillway is 

insufficient. 

Environmental and 

Social Impact 

Assessment (ESIA) 

A study conducted before project development to 

understand potential environmental and community impacts 

and propose mitigation. 

Ergonomics 
The science of designing equipment and tasks to fit the human 

body and cognitive abilities. 

Feed-In Tariff (FiT) 

A policy mechanism that offers long-term contracts to 

renewable energy producers, typically based on the cost of 

generation. 

Flood Routing 
The process of calculating the passage of floodwaters 

through a reservoir system to ensure dam safety. 
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Term Definition 

Gate Hoist System 
Mechanism used to raise or lower gates on spillways or 

intake structures, critical for regulating water flow. 

Hydropower Plant 

(HPP) 

A facility that generates electricity by using the energy of 

flowing or falling water to spin a turbine connected to a 

generator. 

Instrumentation 

Monitoring 

The use of sensors and devices to monitor structural and 

environmental parameters (e.g., seepage, pressure, vibration) 

in a dam. 

Isimba HPP 
A 183 MW hydropower facility located on the Nile River in 

Uganda, commissioned to enhance national energy supply. 

Levelized Cost of 

Energy (LCOE) 

The average cost per unit of electricity generated, including 

capital, operation, and maintenance costs. 

Load Dispatch Centre 

(LDC) 

The control centre that manages power generation 

scheduling and grid stability across the national electricity 

system. 

Main Inlet Valve 

(MIV) 

A large valve used to control water flow into the turbine; 

critical for safety during shutdown and maintenance. 

Occupational Safety 

and Health (OSH) 

A multidisciplinary area concerned with the health, safety, and 

welfare of people at work. 

Operation and 

Maintenance (O&M) 

Activities related to the ongoing functioning and repair of 

hydropower equipment and systems. 

Penstock 
A large pipe that delivers high-pressure water from the 

reservoir to the turbine. 

Power Purchase 

Agreement (PPA) 

A contract between an electricity generator and a buyer 

specifying terms of electricity supply, including price and 

duration. 

Powerhouse 
The structure housing turbines, generators, and control 

equipment in a hydropower facility. 

PPE (Personal 

Protective 

Equipment) 

Equipment worn by workers to reduce exposure to 

workplace hazards (e.g., helmets, gloves, goggles). 

Public-Private 

Partnership (PPP) 

A collaboration between government and private entities to 

fund and operate infrastructure projects. 
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Term Definition 

Reservoir 

Sedimentation 

The accumulation of sediments in the reservoir which can 

reduce storage capacity and turbine efficiency. 

Risk Assessment 
The process of identifying hazards and evaluating the risks 

associated with them. 

Run-of-River 
A hydropower system that generates electricity from the 

natural flow of a river without significant storage. 

SCADA 
Supervisory Control and Data Acquisition system; used for 

real-time monitoring and control of plant operations. 

Spillway 
A structure used to provide controlled release of flows from 

a dam into a downstream area, typically the riverbed. 

Surge Tank 
A tank placed along a water conduit to relieve pressure 

fluctuations and prevent water hammer. 

Switchyard 
The electrical substation at the plant where electricity is 

stepped up for transmission. 

Tailrace 
The channel that carries water away from the turbine after 

energy has been extracted. 

Trash Rack 
A screening device placed at water intakes to prevent debris 

from entering turbines. 

Vibration Monitoring 
A condition monitoring method used to detect imbalances or 

faults in rotating machinery. 
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List of Acronyms 

Abbreviation  Full Term 

AFD  Agence Française de Développement 

CBM  Condition-Based Maintenance 

DC  Direct Current 

DSR  Dam Safety Report 

EIA  Environmental Impact Assessment 

EMS  Energy Management System 

ERA  Electricity Regulatory Authority 

ESIA  Environmental and Social Impact Assessment 

EWS  Early Warning System 

FiT  Feed-in Tariff 

GDP  Gross Domestic Product 

GIS  Geographic Information System 

GWh  Gigawatt-hour 

HPP  Hydropower Plant 

HV  High Voltage 

ICT  Information and Communication Technology 

IoT  Internet of Things 

IPP  Independent Power Producer 

kV  Kilovolt 

kWh  Kilowatt-hour 

LCOE  Levelized Cost of Energy 

LDC  Load Dispatch Centre 

M&E  Monitoring and Evaluation 

MIV  Main Inlet Valve 
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Abbreviation  Full Term 

MW  Megawatt 

O&M  Operation and Maintenance 

OSH  Occupational Safety and Health 

PPA  Power Purchase Agreement 

PPP  Public-Private Partnership 

RCC  Roller Compacted Concrete 

ROI  Return on Investment 

RPM  Revolutions Per Minute 

SCADA  Supervisory Control and Data Acquisition 

SDG  Sustainable Development Goal 

SME  Small and Medium Enterprise 

ToR  Terms of Reference 

UEGCL  Uganda Electricity Generation Company Limited 

USD  United States Dollar 
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Chapter 1:  Civil Engineering 

 

 

 

1.1 Overview 

This chapter presents a comprehensive range of research topics focused on the structural, 

hydraulic, and geotechnical aspects of dam engineering, with specific emphasis on the 

performance, durability, and safety of hydropower infrastructure. Drawing on lessons from 

existing dams such as Isimba, Nalubaale, and Karuma, the topics address critical civil 

engineering challenges encountered throughout a dam’s lifecycle—from design and 

construction to operation and risk management. 

Key themes include the early deterioration of concrete elements, structural instability in 

spillway sections, trunnion performance under extreme conditions, and erosion within stilling 

basins and embankments. The chapter also explores broader dam safety issues, such as 

instrumentation reliability, flood resilience, inspection effectiveness, and emergency action 

planning. Specialized focus is given to modelling efforts, including slope stability under rapid 

drawdown, sediment transport simulations, and climate-adaptive hydrological forecasting. 

Incorporating both traditional engineering methods and emerging technologies like drone 

inspection and remote sensing, the topics offer practical and innovative research pathways for 

improving the safety, resilience, and efficiency of large dam structures. The goal is to 

strengthen civil infrastructure design and management practices that support the long-term 

sustainability of Uganda’s hydropower assets. 
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1.2 Concrete Durability and Early Aging in Dam Structures 

Description 

This topic investigates the early signs of concrete degradation in Dams, where defects such 

as cold joints, cracking, and honeycombing are observed. The study will explore causes, such 

as poor curing practices and formwork issues, and assess how these might compromise the 

structural integrity over the dam’s expected lifespan. 

Objective 

To evaluate the long-term implications of poor concrete quality on dam structures and 

recommend appropriate maintenance or rehabilitation techniques. 

 

1.3 Stability of the Upper Spillway Control Section 

Description 

Upper spillway control section on hydropower plants have shown signs of instability, including 

vertical joint degradation and pier movement under frequent operations. This topic focuses 

on assessing structural behaviour using simplified stress analysis or small-scale models. 

Objective 

To determine whether the upper spillway control section can safely withstand typical and 

extreme loading conditions and propose reinforcement or design improvements if necessary. 

 

1.4 Spillway Gate Trunnion Performance and Reliability 

Description 

Trunnions supporting radial gates in hydropower plants have been observed to have abnormal 

noise and performance issues, indicating potential mechanical or structural deficiencies. This 

project explores the interaction between the trunnion design, lubrication systems, and 

operational forces. 

Objective 

To assess the mechanical behaviour of trunnions under load and propose improvements to 

ensure reliable operation of spillway gates during flood events. 

 

1.5 Cavitation Damage in the Stilling Basins and Structural Implications 

Description 

Cavitation and erosion in the stilling basins have resulted in the loss of concrete slabs and 

energy-dissipating blocks. This topic examines the link between hydraulic conditions and 

structural damage. 

Objective 

To analyse the causes and consequences of cavitation-related damage and develop design or 

retrofitting measures to enhance basin durability. 
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1.6 Impact of Construction Quality on Structural Performance 

Description 

A Dam's construction phase may be marred by deviations from specification—excessive 

concrete drop heights, poor curing, and reinforcement issues. This study evaluates how such 

practices impact the actual versus expected performance of structural components. 

Objective 

To assess construction-related flaws and their effect on structural resilience and recommend 

practical quality control measures for future projects. 

 

1.7 Seepage and Internal Erosion in the Embankment Core 

Description 

Internal erosion has been identified as a serious safety risk in embankment dams (particularly 

This topic involves analysing seepage patterns and assessing the potential for piping and 

internal erosion using instrumentation data and models. 

Objective 

To evaluate the current seepage risks and propose monitoring and mitigation strategies to 

prevent embankment failure. 

 

1.8 Stability Assessment of an Embankment Dam Section, a case of D1 + 050 and 

D1 + 200 

Description 

This topic involves performing slope stability analysis and assessing the safety factors under 

different loading scenarios, such as rapid drawdown or seismic events. 

Objective 

To determine the stability of critical embankment sections and propose reinforcement or 

drainage measures where needed. 

 

1.9 Evaluation of Cut-off Wall Effectiveness 

Description 

A cut-off wall for seepage control may be constructed using C20 concrete without bentonite 

This study investigates the effectiveness of the wall in controlling seepage and how 

construction quality might affect its long-term performance. 

Objective 

To assess whether the cut-off wall provides adequate seepage control and identify areas 

requiring improvement or remediation. 
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1.10 Use of Dispersive Clay in the Core and Its Implications 

Description 

The use of yellow clay, which may be dispersive, in parts of the embankment core raises 

concerns about internal erosion. This topic includes laboratory tests and analysis of soil 

properties to determine the clay’s suitability and propose stabilizing treatments if needed. 

 

Objective 

To evaluate the dispersivity of clay materials and suggest safe design practices for their use in 

dam cores. 

 

1.11 Rapid Drawdown Stability of Embankments 

Description 

In emergency conditions, a Dam is designed to undergo full reservoir drawdown via the 

spillway. This research assesses how such rapid lowering effects slope stability and identifies 

conditions that may trigger failure. 

Objective 

To model the effect of rapid drawdown on embankment integrity and develop safe operational 

drawdown protocols. 

 

1.12 Flood Management and Overtopping Risk Analysis 

Description 

During a Dam’s lifetime, structures may experience unusually high inflows sustained over 

several months—raising concerns about overtopping. This topic uses historical flow data and 

simple hydraulic models to assess the adequacy of current spillway capacity and flood-handling 

procedures. 

Objective 

To evaluate the dam’s resilience to extreme floods and recommend adjustments to 

operational rules or spillway design to prevent overtopping. 

 

1.13 Hydraulic Performance of the Stilling Basin 

Description 

Erosion and cavitation damage in the stilling basin downstream of the spillways suggest poor 

hydraulic performance. This study analyses energy dissipation efficiency and flow behaviour, 

using simplified modelling or physical analogy. 

Objective 

To identify the causes of hydraulic inefficiency and propose design modifications or retrofitting 

options to improve energy dissipation and reduce erosion. 

 



 5 

1.14 Sedimentation and Sediment Management in the Reservoir 

Description 

Sediment accumulation threatens to reduce the effective storage and turbine efficiency of run 

on the river plants. This research investigates how well Spillways performs sediment flushing 

and models sediment transport patterns in the reservoir. 

Objective 

To estimate sedimentation rates and recommend strategies to optimize flushing operations 

or extend reservoir life. 

 

1.15 Spillway Gate Operation and Reliability Under Extreme Conditions 

Description 

A spillway gate may be non-functional which may compromise flood handling. This topic 

evaluates gate operation reliability, the impact of gate failures during peak flows, and proposes 

improved emergency planning or mechanical redundancy. 

Objective 

To assess the risks posed by mechanical gate failures and suggest operational or design 

improvements to ensure safe and reliable spillway function. 

 

1.16 Hydrological Modelling for Climate Resilience 

Description 

Climate variability may increase the frequency and intensity of floods in the Nile basin. This 

topic uses rainfall and inflow data to project future hydrological scenarios and test whether 

current Dam’s flood design assumptions remain valid. 

Objective 

To model climate-affected flood scenarios and recommend adaptive water management 

strategies for dam operators. 

 

1.17 Dam Safety Instrumentation and Monitoring Program 

Description 

Dams are equipped with various safety instruments such as piezometers, settlement markers, 

and strain gauges. However, some instruments during their operations show inconsistent 

behaviour or failure. This topic explores how these instruments are used, their limitations, 

and how data informs dam safety decisions. 

Objective 

To evaluate the effectiveness and reliability of existing instrumentation and propose 

improvements to enhance monitoring accuracy and early-warning capabilities. 
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1.18 Effectiveness of Routine Dam Inspections 

Description 

Dam safety depends on frequent visual inspections—daily, weekly, and monthly routines. This 

topic reviews current inspection protocols, identifies gaps, and assesses whether these 

practices are sufficient for detecting emerging safety threats. 

Objective 

To analyse the strengths and limitations of the current inspection program and recommend 

ways to strengthen the reliability and consistency of visual assessments. 

 

1.19 Emergency Action Plan and Dam Break Analysis 

Description 

Although hazard classification places Isimba, Nalubaale and Karuma Dam at substantial risk, a 

comprehensive dam break flood analysis and evacuation study are still under development. 

This topic models a potential dam failure scenario and outlines the components of an effective 

Emergency Action Plan (EAP). 

Objective 

To simulate a dam break using basic hydrologic tools, map inundation zones, and propose a 

detailed, actionable EAP for downstream communities and stakeholders. 

 

1.20 Use of Drone and Remote Sensing for Dam Inspection 

Description 

Given the scale of Isimba Dam (over 1.6 km in length), traditional inspection methods can be 

intensive and limited. This topic explores how drones and remote sensing technologies (e.g., 

thermal imaging, photogrammetry) can improve inspection efficiency and accuracy. 

Objective 

To assess the feasibility of integrating drone-based inspection tools into the dam monitoring 

framework and demonstrate their effectiveness through pilot applications. 

 

1.21 Risk Assessment and Prioritization of Safety Issues 

Description 

Dam Safety Report identifies multiple safety concerns—seepage, overtopping risk, internal 

erosion, gate reliability, and ageing structures. This topic develops a risk matrix based on 

likelihood and impact, enabling prioritized action planning. 

Objective 

To perform a structured risk assessment of dam safety issues and provide a prioritization 

framework for maintenance and decision-making. 
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Chapter 2: Mechanical Engineering 

 

 

 

2.1 Overview 

This chapter addresses critical mechanical engineering challenges encountered in the 

operation, maintenance, and enhancement of hydropower infrastructure. The topics reflect 

real-world mechanical performance issues observed in gate mechanisms, hoist systems, 

hydraulic actuators, control panels, pumps, and other essential components of dam 

operations. These issues often arise from cyclic loading, environmental exposure, sediment 

abrasion, thermal stress, or lack of redundancy in mechanical designs. 

Through a blend of applied mechanics, vibration analysis, fatigue modelling, hydraulic system 

evaluation, and predictive maintenance planning, the research topics aim to enhance the 

reliability, efficiency, and safety of mechanical systems. Several projects also explore the 

integration of modern technologies—such as MEMS sensors, QR-coded maintenance logs, 

and dashboard-based monitoring—for smarter, data-driven asset management. 

Overall, the chapter offers a platform for students and researchers to bridge theoretical 

mechanical engineering principles with practical applications in hydropower operations. 

Emphasis is placed on cost-effective innovations, durability under extreme conditions, and the 

adoption of maintenance strategies that minimize system downtime and extend service life. 
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2.2 Design Redundancy in Radial Gate Trunnions under Emergency Operations 

Description 

Spillway gates occasionally fail due to mechanical strain or lubrication issues. This topic 

explores how trunnion designs can incorporate redundancy or load-sharing mechanisms to 

improve reliability under emergency conditions. 

Objective 

To evaluate design enhancements for spillway trunnions and develop a mechanical redundancy 

strategy for radial gate operations. 

 

2.3 Failure Modes and Fatigue Life of Hoist Cable-Drum Assemblies 

Description 

Abnormal sounds and slow movement have been observed during gate hoisting operations, 

suggesting mechanical wear. This topic studies fatigue and stress in hoist cable-drum 

assemblies under cyclic loading conditions. 

Objective 

To assess fatigue behaviour and suggest maintenance intervals or design reinforcements to 

extend the life of hoist components. 

 

2.4 Design of Protective Enclosures for Outdoor Mechanical Control Panels 

Description 

Control panels for spillways in hydropower plants are exposed to high humidity, solar 

radiation, and insects, which degrade their performance. This topic proposes better enclosure 

designs with improved insulation and ingress protection (IP) ratings. 

Objective 

To develop a robust outdoor mechanical enclosure that resists weathering and enhances 

longevity of critical control systems. 

 

2.5 Mechanical Load Analysis of Emergency Portable Pump Mounts on Piers 

Description 

Emergency pump platforms mounted on spillway piers need to remain stable during rapid 

deployment and turbulent flood conditions. This study evaluates mechanical load distribution 

and platform anchorage safety. 

Objective 

To analyse loading conditions and propose safer, reusable mounting systems for portable 

pumps during emergencies. 
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2.6 Predictive Maintenance Planning for Spillway Mechanical Components Using 

Historical Breakdown Logs 

Description 

Recurring failures in gate hoists and portable pumps were reported in recent operation logs. 

This topic analyses these logs to develop a predictive maintenance schedule based on failure 

frequency, usage hours, and condition indicators. 

Objective 

To build a data-driven predictive maintenance plan that reduces unplanned mechanical failures 

and downtime. 

 

2.7 Reliability Scoring System for Outdoor Mechanical Installations 

Description 

Outdoor equipment like SP2 pump rooms and mechanical cabinets degrade rapidly due to 

weather exposure. This topic proposes a scoring matrix to assess equipment vulnerability and 

guide prioritization of repairs. 

Objective 

To develop a risk-based reliability rating system for field-based mechanical assets to support 

decision-making. 

 

2.8  Cost-Benefit Analysis of Centralized vs. Distributed Lubrication for Spillway 

Systems 

Description 

Manual lubrication was identified as a cause of bushing wear and noise during gate movement. 

This study compares centralized auto-lubrication systems with current practices in terms of 

cost, labour, and mechanical benefit. 

Objective 

To recommend a more efficient and cost-effective lubrication strategy for critical moving 

components. 

 

2.9 Post-Commissioning Mechanical Audit Framework for Hydropower Dams 

Description 

Several mechanical issues emerge shortly after commissioning. This topic develops a 

structured audit checklist to evaluate the mechanical performance of gates, hoists, and pumps 

in the first year of operation. 

Objective 

To propose a standardized post-commissioning mechanical audit to detect early design and 

installation flaws. 
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2.10 Integration of QR-Code-Based Maintenance Logs for Field Equipment 

Description 

Tracking maintenance history for outdoor mechanical equipment is difficult without digital 

records. This topic explores using QR codes to embed equipment logs and streamline field 

reporting. 

Objective 

To create a prototype QR-coded digital logbook system for real-time access to maintenance 

records at mechanical assets. 

 

2.11 Assessment of Turbine Blade Adjustment Efficiency under Variable Head 

Conditions 

Description 

Kaplan turbines must adapt to fluctuating water levels, which affect blade angle performance. 

This topic evaluates how blade positioning can be optimized across different operating heads. 

Objective 

To improve turbine efficiency through analysis and adjustment of blade angle settings for 

variable water heads. 

 

2.12 Hydraulic Resistance Modelling During Emergency Flushing Events 

Description 

During sediment flushing, the gates experience high flow resistance and wear. This topic 

models flow conditions during flushing to assess pressure losses and mechanical impact. 

Objective 

To analyse the mechanical stresses and hydraulic losses during emergency sediment release 

and recommend optimal flushing practices. 

 

 

2.13 Design of Redundant Hydraulic Actuation Systems for Spillway Gates 

Description 

Failures in SP2 gate operation have raised concerns over single-point hydraulic failure. This 

topic proposes a dual-hydraulic actuation system for increased reliability. 

Objective 

To design a fail-safe hydraulic actuation system that ensures gate operability under all 

scenarios. 
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2.14 Thermal Performance and Flow Rate Evaluation of Diesel Backup Pumps 

Description 

Emergency diesel pumps at SP2 are critical during power failures but may overheat or 

underperform. This topic evaluates their thermal behaviour and fluid delivery capacity under 

peak loads. 

Objective 

To analyse the operating efficiency of diesel-driven pumps and propose improvements in 

cooling and performance reliability. 

 

2.15 Mechanical Wear Patterns in Sediment-Rich Spillway Discharge Flow 

Description 

Sediment-laden water accelerates wear on spillway components. This study investigates flow-

induced abrasion on seals, guide rails, and mechanical joints. 

Objective 

To characterize erosion mechanisms and suggest better materials or coatings to withstand 

sediment-induced mechanical degradation. 

 

2.16 Vibration Profiling of SP1 Gate Bushings During Opening Events 

Description 

SP1 gate operations have produced abnormal sounds and suspected bushing wear. This topic 

involves recording and analysing vibration patterns to understand mechanical instability. 

Objective 

To identify vibration sources and recommend bushing design or lubrication improvements to 

reduce noise and extend lifespan. 

 

2.17 Design of Low-Cost MEMS-Based Vibration Monitoring for Dam Gates 

Description 

topic proposes a low-cost prototype using MEMS sensors to track vibrations in hoists and 

bushings. 

Objective 

To develop and test a low-cost, field-deployable vibration monitoring device for mechanical 

gate systems. 
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2.18 Dynamic Response Analysis of Pier Structures During Spillway Operation 

Description 

Oscillations in SP2 piers have been reported during gate discharge. This topic uses simplified 

dynamic modelling to investigate whether these movements pose structural or mechanical 

risks. 

Objective 

To model pier responses to gate-induced loads and recommend vibration mitigation 

strategies. 

 

2.19 Correlation Between Gate Actuation Speed and Induced Structural 

Vibration 

Description 

Faster gate operations may generate higher mechanical shocks. This topic investigates the 

relationship between actuation speed and vibration amplitude to identify safe operating 

parameters. 

Objective 

To determine whether varying gate speeds lead to resonance or damaging vibrations and 

propose control measures. 

 

2.20 Development of a Multi-Parameter Dashboard for Mechanical Health 

Monitoring 

Description 

A single-point monitoring system is insufficient for complex hydromechanical systems. This 

topic designs a dashboard integrating vibration, temperature, and operational feedback for 

real-time assessment. 

Objective 

To prototype a multi-parameter monitoring interface for mechanical systems that supports 

preventive maintenance and early fault detection. 
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Chapter 3: Computational Modelling 

 

 

 

3.1 Overview 

This chapter presents advanced research topics centred on the use of Computational Fluid 

Dynamics (CFD) and numerical modelling to address critical hydraulic and structural 

challenges in hydropower systems. With Isimba, Karuma, and Nyagak III hydropower plants 

as reference cases, the topics explore how fluid dynamics, pressure variations, air 

entrainment, sediment transport, thermal effects, and flow-induced vibrations affect system 

performance and infrastructure longevity. 

The chapter emphasizes the role of simulation tools in visualizing complex flow behaviours 

within turbines, spillways, surge tanks, penstocks, and cooling systems—environments often 

difficult or impossible to inspect physically. From modelling fish passage and sediment 

deposition to predicting pressure surges and cavitation zones, these topics reflect the growing 

importance of virtual prototyping and digital twins in modern hydropower management. 

Several topics also bridge CFD with machine learning, enabling predictive analytics for system 

optimization and real-time decision-making. Others focus on validation of CFD models using 

actual instrumentation and SCADA data from Hydro Power Plants strengthening the 

credibility of simulation-driven insights. 

Ultimately, this chapter empowers students and researchers to apply high-fidelity numerical 

techniques to enhance safety, reliability, efficiency, and environmental sustainability across the 

hydropower value chain. 
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3.2 CFD Simulation of Water Flow through a Francis Turbine Blade Passage at  

      a Hydro Power plant 

 

Description 

This study aims to simulate water flow through a Francis turbine’s blade passage using CFD 

tools to assess the internal flow distribution. The turbine is a key component of energy 

conversion at a Hydropower Plants 

 

Objective 

 To visualize velocity and pressure fields across the turbine runner and identify regions of 

inefficiency and potential performance enhancement. 

 

3.3 Numerical Investigation of Turbulent Flow Separation in Draft Tubes 

Description 

 Draft tubes are known to suffer from turbulent flow separation, which reduces pressure 

recovery. This project uses CFD to explore this phenomenon under different operational 

scenarios. 

 

Objective  

To analyse the extent of flow separation and evaluate how draft tube geometry influences 

energy losses. 

 

3.4 Optimization of Runner Blade Profiles for Improved Hydraulic Efficiency using  

      CFD 

 

Description 

 Runner blade shape significantly affects turbine performance. This research uses CFD-based 

design iterations to modify blade profiles and measure flow behaviour. 

 

Objective 

 To optimize blade geometry for maximum hydraulic efficiency at site-specific conditions. 

 

3.5 Transient CFD Analysis of Flow Start-up and Shutdown in Kaplan Turbines 

Description 

Transient operations often lead to unsteady pressures that can damage components. This 

project simulates such events during turbine start-up and shutdown. 

 

Objective 

To assess unsteady flow characteristics and identify strategies to mitigate pressure surges and 

water hammer effects. 
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3.6 CFD Modelling of Flow in Penstocks with Sudden Expansions and Bends – Case 

of Karuma HPP 

Description 

 Penstocks at hydropower plants have bends and expansions that cause energy losses. This 

study investigates how geometry affects flow uniformity and pressure drop. 

 

Objective 

 To simulate and analyse head losses due to geometrical discontinuities and propose optimal 

design modifications. 

 

3.7 Simulation of Surge Tank Flow Oscillations under Variable Load Conditions, 

Case Karuma HPP, Case Nyagak III HPP 

Description 

Surge tanks stabilize water hammer but can also oscillate dangerously under certain grid 

conditions. CFD modelling will provide insights into these dynamics. 

 

Objective  

To simulate surge tank response under fluctuating flow demands and recommend design or 

operational improvements. 

 

3.8 Numerical Analysis of Air Entrainment in Spillways and Energy Dissipation 

Basins, Case Isimba HPP 

Description  

This project investigates how air is entrained into high-velocity water flows in spillways and 

basins, affecting cavitation and energy dissipation. 

 

Objective 

To simulate air–water interactions and quantify their effects on flow characteristics and 

structural safety. 

 

3.9 Effect of Trash Rack Geometry on Head Loss and Flow Uniformity using CFD 

Description 

Trash racks protect turbines but may disrupt flow. This topic models various rack 

configurations to assess hydraulic losses. 

 

Objective 

To identify trash rack geometries that reduce head loss while ensuring effective debris 

filtration. 
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3.10 CFD-Based Design of Cooling Systems for Generator Bearings in 

Hydropower Plants 

Description  

Generator bearings must be adequately cooled to prevent failure. CFD will be used to 

model heat dissipation in the cooling system. 

 

Objective  

To optimize the thermal performance of bearing cooling systems through improved fluid flow 

and heat transfer characteristics. 

 

3.11 Thermal-Hydraulic Analysis of Cavitation Regions in Low-Head Hydropower 

Turbines, case Karuma, Case Isimba 

Description 

 Cavitation occurs when local pressures fall below vapor pressure, damaging turbine 

surfaces. CFD models can help detect and address this issue. 

 

Objective 

To simulate cavitation-prone regions and suggest mitigation through design or operational 

changes. 

 

3.12 CFD Modelling of Fish Passage through Turbine Flows – A Bio-Mechanical 

Approach 

Description:  

The ecological impact of turbine flows on fish is a growing concern. This study models fish 

trajectories and pressure zones within turbines. 

 

Objective: 

 To assess turbine-induced risks to fish survival and propose design improvements for 

ecological safety. 

 

3.13 Simulation of Sediment Transport and Deposition in Low-Head Reservoirs 

Description 

Siltation can reduce reservoir capacity and turbine efficiency. This topic uses CFD to 

simulate sediment movement and accumulation. 

 

Objective 

 To model sediment transport dynamics and evaluate reservoir flushing strategies. 
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3.14 Numerical Investigation of Flow-Induced Vibrations in Intake Gates 

Description 

Vibrations caused by turbulent water flow can damage intake gates. CFD simulations will 

analyse flow-induced structural responses. 

 

Objective 

To identify critical vibration modes and propose gate design adjustments to minimize risk. 

 

3.15 Validation of CFD Models using Field Data from Isimba/Karuma Plant  

       Instrumentation 

 

Description 

Model validation is key to credible simulation. This project uses SCADA and sensor data 

from Isimba/Karuma to calibrate CFD outputs. 

 

Objective 

To validate and improve CFD model accuracy by comparing simulated results with real-time 

plant data. 

 

3.16 Integration of CFD and AI for Predictive Flow Analysis in Hydropower 

Systems 

Description 

 Combining CFD outputs with machine learning models offers predictive insights. This 

research explores hybrid modelling for system monitoring. 

 

Objective:  

To integrate CFD results with AI algorithms for real-time flow prediction and decision 

support in hydropower operations. 
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Chapter 4: Electrical Engineering 

 

4.1 Overview 

This chapter explores key electrical and control system challenges in the context of modern 

hydropower operations, with case studies primarily drawn from UEGCL Hydropower Plants. 

Topics span across grid synchronization, transformer protection, relay coordination, voltage 

stability, and advanced SCADA system design. A central focus is placed on improving the 

resilience, efficiency, and responsiveness of electrical infrastructure under both normal and 

emergency operating conditions. 

A major theme is the transition from reactive to predictive and condition-based maintenance, 

using real-time data from sensors, thermographic tools, and SCADA logs. Multiple topics 

propose digital innovations, including intelligent alarm filtering, redundant control 

architectures, and modular visualization interfaces, all aimed at enhancing situational 

awareness and operational reliability. 

In addition, the chapter covers asset management frameworks and risk evaluation 

methodologies—such as FMEA and fault tree analysis—for critical electrical systems like 

switchgear, transformers, and circuit breakers. Comparative studies on GIS vs AIS 

technologies and portable diagnostic tools are also included to inform context-sensitive 

engineering decisions in both surface and remote hydropower facilities. 

Collectively, these topics prepare researchers and practitioners to address the evolving 

electrical and automation demands of hydropower systems, with a focus on safety, 

performance optimization, and long-term asset sustainability. 
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4.2 Load Balancing and Generator Synchronization Challenges in Hydropower 

Plants 

Description 

Unstable load conditions during turbine start-up or emergency events can affect 

synchronization with the grid. This topic analyses synchronization challenges observed at 

hydropower plants and proposes strategies to improve phase alignment and load sharing. 

Objective 

To investigate synchronization dynamics in a hydropower setup and recommend load 

balancing solutions to improve system stability. 

 

4.3 Optimization of Protection Relay Settings for Transformer Fault Isolation 

Description 

Power plant protection systems have experienced delayed responses during transformer 

faults. This study explores coordination between differential, overcurrent, and backup relays 

to improve fault isolation. 

Objective 

To optimize relay coordination settings for effective fault detection and faster transformer 

protection. 

4.4 Analysis of Transformer Temperature Monitoring for Overload Prevention 

Description: 

Overheating of transformers at powerplants has been observed under peak loading. This topic 

models transformer thermal profiles and suggests monitoring enhancements to prevent 

overloading. 

Objective: 

To evaluate transformer thermal behaviour and propose real-time monitoring tools for 

overload prevention. 

 

4.5 Voltage Drop Analysis on Long Auxiliary Feeders in the Switchyard 

Description 

Voltage drops in auxiliary feeders affect the performance of field devices. This study 

investigates losses along feeder lines and proposes technical solutions such as voltage 

regulation or conductor resizing. 

Objective 

To analyse and mitigate voltage drops along long-distance auxiliary supply lines within the 

switchyard. 
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4.6 Impact of Sediment Flushing Events on Electrical Load Stability 

Description 

Gate flushing events disrupt mechanical systems and introduce rapid load changes. This topic 

examines the transient electrical effects of such events and proposes mitigation strategies. 

Objective 

To model electrical disturbances caused by hydraulic events and design countermeasures to 

maintain grid stability. 

 

4.7 Fault Diagnosis in Outdoor Sensor Systems Under Harsh Environmental 

Conditions 

Description 

Outdoor sensors at powerplants are exposed to moisture, UV radiation, and pests, leading 

to frequent faults and erratic signals. This topic investigates fault types and proposes solutions 

for ruggedizing sensor systems. 

Objective 

To analyse environmental impacts on outdoor sensors and propose protective and diagnostic 

strategies for reliable field instrumentation. 

 

4.8 Calibration Drift in Piezometric and Flow Sensors and Its Impact on Dam 

Monitoring 

Description 

Sensor drift in piezometers and flow meters affects water pressure readings, compromising 

dam safety assessments. This study investigates calibration frequency and drift impact on data 

accuracy. 

Objective 

To develop a calibration maintenance plan that minimizes drift and ensures data integrity for 

structural and hydraulic monitoring. 

 

4.9 Design of a Redundant Control System for Gate Position Feedback Loops 

Description 

Gate position feedback failures at Spillways have been observed to cause delayed gate 

actuation during critical operations. This topic proposes a redundant sensor architecture to 

maintain real-time gate status even during primary sensor failures. 

Objective 

To design a fault-tolerant feedback loop system for radial gate positioning with backup sensing 

capability. 
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4.10 Programmable Logic Controller (PLC) Fault Analysis in Spillway  

        Automation 

 

Description 

Operational hesitations and missed gate signals point to PLC misconfigurations or faults. This 

topic explores PLC logs and control logic to identify error conditions and propose corrective 

programming. 

Objective 

To diagnose PLC failures in spillway control systems and develop fault-tolerant automation 

logic. 

4.11 Signal Noise Filtering for Long-Distance Analog Transmission Cables 

Description 

Analog sensor signals traveling long distances from the dam face to control centres are 

affected by electromagnetic interference. This topic designs analogy filtering and shielding 

solutions to reduce signal distortion. 

Objective 

To enhance signal reliability in analogy control systems using appropriate cable shielding and 

filtering techniques. 

 

4.12 Development of an Intelligent Alarm Filtering Algorithm for SCADA 

        Systems 

 

Description 

Operators at Hydropower plants receive frequent false or low-priority SCADA alarms, 

leading to alarm fatigue. This topic proposes a rule-based or machine learning-driven filter 

that prioritizes actionable alerts. 

Objective 

To develop an intelligent filtering mechanism that improves alarm relevance and enhances 

operator response efficiency. 

 

4.13 Design of a Modular SCADA Interface for Real-Time Gate Status  

       Visualization 

 

Description 

Current SCADA displays lack clarity in representing gate operation sequences. This project 

involves building a modular, real-time dashboard showing gate status, flow levels, and 

operational constraints. 

Objective 

To create a user-friendly, responsive SCADA front-end for gate monitoring and control. 
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4.14 Automation of Daily Plant Reports Using SCADA Log Data 

Description 

Manual compilation of daily reports is time-consuming and error prone. This topic develops 

a software tool that extracts, processes, and formats SCADA data into daily performance 

reports. 

Objective 

To automate the generation of daily operational summaries from SCADA logs using scripting 

or database tools. 

 

4.15 Development of a Simulation Tool for SCADA Testing and Training 

Description 

Lack of a training simulator limits operator readiness. This project creates a simulated SCADA 

environment with artificial fault injection and real-time response tracking. 

Objective 

To build a SCADA simulator for operator training, software testing, and human-machine 

interface evaluation. 

 

4.16 Implementation of a Redundant SCADA System Using Open-Source 

        Platforms 

 

Description: 

Redundancy gaps in SCADA pose a risk during outages. This topic explores open-source 

SCADA frameworks to develop a cost-effective redundant backup system. 

Objective: 

To design and test a parallel SCADA system using tools such as Open SCADA, ScadaBR, or 

Node-RED for improved operational resilience. 

 

4.17 Reliability Assessment of Air Insulated Switchgear (AIS) Systems in Surface 

Hydropower Plants 

Description 

Investigate the reliability of AIS systems in hydropower plants, where space allows for AIS 

use over GIS. 

 

Objective: 

 To evaluate performance data, failure incidents, and maintenance records of AIS systems to 

develop strategies for improved operational reliability. 
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4.18 Comparative Study of GIS and AIS for Medium-Voltage Switchgear in  

      Hydropower Applications 

 

Description 

Analyse differences in design, performance, and suitability of GIS vs AIS in different 

hydropower environments (e.g., underground vs surface). 

 

Objective 

To determine best-fit switchgear technologies for varied operational contexts in Uganda’s 

power generation landscape. 

 

4.19 Root Cause Analysis of Gas Circuit Breaker (GCB) Failure Modes in AIS 

        Systems 

 

Description 

Examine the GCB failures that cause long outages, focusing on mechanical drive issues. 

 

Objective  

To identify recurring failure patterns and recommend engineering solutions to prevent future 

forced outages. 

 

4.20 Development of Health Index Models for Switchgear Systems in Hydropower 

        Plants 

 

Description 

 Use multi-parameter condition monitoring to assess switchgear “health” over time. 

 

Objective 

To build a health index framework that informs preventive maintenance and asset 

replacement decisions. 

 

4.21 Design and Implementation of Risk Assessment Models for Critical Electrical 

        Assets at Hydropower plants 

 

Description 

Investigate methodologies like FMEA, Fault Tree Analysis, and Event Tree Analysis for 

electrical risk evaluation. 

 

Objective 

To identify dominant failure modes and establish mitigation measures to enhance plant 

reliability. 
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4.22 Development of Hierarchical Asset Management Structures for Electrical 

Systems in Hydropower Plants 

Description 

Document and analyse the current structure of electrical asset registration and updates. 

Objective 

To develop a robust hierarchical framework for asset monitoring, lifecycle tracking, and digital 

asset register integration. 

 

4.23 Condition Monitoring Techniques for Electrical Subsystems in Hydropower  

        Plants 

 

Description 

 Review available methods for capturing condition parameters like current, voltage, 

temperature, and vibration. 

 

Objective:  

To propose an integrated measurement approach and toolset for predictive maintenance 

planning. 

 

4.24 Application of Thermographic Analysis in Switchgear Diagnostics and  

        Preventive Maintenance 

 

Description 

 Study the use of infrared cameras to detect abnormal heating in AIS and other electrical 

subsystems. 

 

Objective 

To validate thermography as a predictive maintenance tool and identify operational thresholds 

for early warnings. 

 

4.25 Integration of Portable Diagnostic Tools for Electrical Asset Monitoring in  

         Remote Hydropower Plants 

 

Description 

Evaluate the usability and effectiveness of tools like stethoscope meters and portable 

vibration devices. 

 

Objective 

To recommend an optimized diagnostic toolkit for field engineers in off-grid and rural 

hydropower contexts. 
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4.26 Design of a Condition-Based Maintenance System for Medium Voltage  

        Switchgear in Surface HPPs 

 

Description 

Develop a monitoring and response system that triggers maintenance actions based on real-

time data. 

 

Objective 

To shift from time-based to condition-based maintenance for improved safety and cost-

efficiency. 
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Chapter 5: Data analytics and predictive 

                   Maintenance Systems              
 

 

5.1 Overview 

This chapter presents a dynamic range of topics that bridge data science, automation, and 

engineering to transform how hydropower plants monitor, diagnose, and maintain their 

critical systems. The chapter emphasizes the shift from time-based maintenance to intelligent, 

data-driven, and predictive maintenance frameworks. 

The topics cover the full lifecycle of data from real-time acquisition via embedded sensors and 

IoT devices, through data warehousing and SCADA integration, to advanced analytics and 

machine learning models. Practical tools such as dashboards, digital twins, simulation-based 

training, and incident tracking systems are proposed to improve operational decision-making 

and plant reliability. 

Special focus is given to emerging technologies, including AI for inflow forecasting and fault 

diagnosis, blockchain for secure maintenance logging, edge computing for remote data 

processing, and Augmented Reality (AR) for field technician support. Topics also explore how 

fuzzy logic, expert systems, and intelligent control algorithms can optimize equipment 

behaviour under complex and variable hydrological conditions. 

Together, these areas equip researchers with the skills to design next generation monitoring 

systems, implement advanced analytics tools, and ensure the safety, sustainability, and 

efficiency of hydropower infrastructure through smart maintenance and digital innovation. 
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5.2 Development of a Predictive Maintenance Model for Gate Hoist Systems 

Using SCADA Logs 

Description 

Gate hoist problems have the potential for failure prediction using log data. This project 

develops an algorithm that detects failure patterns in hoist movement, vibration, and current. 

Objective 

To design a model that predicts hoist failure using time-series data from SCADA systems. 

 

5.3 Implementation of a Condition Monitoring Dashboard for Hydropower 

Turbines 

Description 

Turbine performance is monitored but not always correlated in a visual platform. This topic 

develops a dashboard integrating vibration, temperature, and RPM data to support real-time 

decision-making. 

Objective 

To build a user-friendly turbine health dashboard using software like Grafana or Power BI. 

 

5.4 Design of a Data Warehouse Architecture for Long-Term Equipment 

Analytics 

Description 

This topic focuses on designing a data warehouse that consolidates years of data for advanced 

queries and visualization. 

Objective 

To establish a scalable, structured data system for equipment reliability trend analysis. 

 

5.5 Development of a Machine Learning-Based Alert System for Control System 

Failures 

Description 

SCADA failures are sometimes preceded by unusual sensor readings or command delays. This 

project trains a model to detect and alert for control anomalies using labelled historical data. 

Objective 

To apply supervised learning methods for real-time alerting on control system instabilities. 
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5.6 Integration of IoT Sensor Data into Predictive Maintenance Frameworks 

Description 

This topic explores how to feed Large sensor data into a cloud-based storage for predictive 

maintenance systems. 

Objective 

To integrate IoT and edge computing for a responsive predictive maintenance ecosystem. 

 

5.7 Development of a Real-Time Risk Scoring Application for Dam Operations 

Description 

Risk levels during emergency gate operations or peak inflows are not computed in real time. 

This topic designs a mobile or desktop app that uses live operational data to score risks on 

key components. 

Objective 

To create a digital tool for operators to monitor, interpret, and respond to evolving plant risk 

conditions. 

 

5.8 Design of an Incident Reporting and Tracking System for Power Plant 

Operators 

Description 

This topic develops a software system for standardized entry, categorization, and tracking of 

incidents from field personnel. 

Objective 

To digitize safety incident reporting with analytics capabilities for trend identification and 

response tracking. 

 

5.9 Simulation-Based Training Software for Emergency Flood Gate Response 

Description 

Staff at hydropower plant need training on how to respond to emergency gate operations. 

This project creates a simulation tool for virtual practice of spillway scenarios, including gate 

delays and overflow risks. 

Objective 

To build interactive software that enhances operator preparedness through scenario-based 

risk training. 
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5.10 Digital Audit Tool for Electrical and Mechanical Safety Compliance 

Description 

This topic builds a tablet-friendly audit tool with a checklist, scoring logic, photo uploads, and 

auto-generated reports. 

Objective 

To develop a structured, digital audit tool for routine inspections and regulatory compliance 

monitoring. 

 

5.11 Development of a Location-Based Emergency Alert System for Hydropower 

Personnel 

Description 

During spillway or electrical faults, quick personnel communication is critical. This topic 

proposes a mobile app with GPS awareness to push emergency alerts based on location within 

the hydropower facility. 

Objective 

To design a location-sensitive alerting system to improve communication during emergencies. 

 

5.12 AI-Based Forecasting of Inflow Volumes for Gate Scheduling 

Description 

Manual decisions on gate openings are based on upstream trends and rainfall. This topic 

develops a machine learning model to forecast inflow volumes and suggest optimal gate 

positions ahead of time. 

Objective 

To use AI models for predictive inflow management and smarter floodgate operations. 

 

5.13 Design of a Digital Twin Prototype for Spillway Equipment 

Description 

A digital twin could simulate mechanical responses of gates under various conditions. This 

topic builds a virtual replica using real-world data and integrates it with live monitoring. 

Objective 

To develop a digital twin platform for visualizing and testing the behaviour of spillway gates in 

real time. 
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5.14 Blockchain-Enabled Maintenance Logging System for Asset Integrity 

Description 

Maintenance records are sometimes lost or altered. This topic investigates blockchain as a 

secure, tamper-proof way to log interventions on critical plant assets. 

Objective 

To build a blockchain-based logging platform for high-integrity maintenance records. 

 

5.15 Edge Computing Architecture for On-Site Data Processing at Remote 

Spillway Locations 

Description 

Remote areas like the SP2 gate tower suffer from connectivity lags. This topic proposes an 

edge-computing system that processes data locally and syncs only when needed. 

Objective 

To enhance speed and resilience of monitoring systems by deploying edge-based intelligence 

at critical remote sites. 

 

5.16 Integration of Augmented Reality (AR) in Equipment Inspection and 

Training 

Description 

Field technicians at powerplants could benefit from overlaying digital instructions during 

inspections. This topic develops a basic AR interface that displays maintenance steps using 

mobile or AR glasses. 

Objective 

To design an AR tool for step-by-step guidance in equipment diagnostics and training. 

 

5.17 Analysis and Optimization of Gate Hoist Actuation Sequences 

Description 

This topic investigates the mechanical-electrical interaction in the hoist control logic and 

optimizes actuation timing and feedback. 

Objective 

To improve the accuracy and responsiveness of hoist actuation through optimized control 

sequencing. 
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5.18 Design of a Redundant Motor Control System for Spillway Gate Operation 

Description 

Single-point failure in gate motor control can delay emergency responses. This project 

develops a redundant motor control system that maintains operability in case of a primary 

controller failure. 

Objective 

To enhance system reliability through a redundant control architecture for gate actuation. 

 

5.19 Modelling and Simulation of Electro-Hydraulic Systems in Spillway Actuators 

Description 

Electro-hydraulic actuators are used for gate positioning. This topic uses simulation tools (e.g., 

MATLAB/Simulink) to model system behaviour and identify failure points. 

Objective 

To simulate and analyse the dynamic performance of electro-hydraulic actuators used in large 

dam infrastructure. 

 

5.20 Development of a Remote-Controlled Test Rig for Small-Scale Actuator 

Prototyping 

Description 

Testing new actuator designs in a dam environment is difficult. This project builds a test rig 

that simulates load and response, allowing remote validation of actuator prototypes. 

Objective 

To create a lab-scale actuator test environment with remote monitoring and load simulation 

capabilities. 

 

5.21 Integration of Feedback Control Algorithms in Microcontroller-Based Gate 

Control Systems 

Description 

Low-cost microcontroller systems could provide backup control functionality for gate 

operations. This topic designs and programs a controller using PID or fuzzy logic for small-

scale actuator control. 

Objective 

To implement intelligent feedback control on a microcontroller platform for simplified gate 

actuation. 

 

 

 



 32 

5.22 Design of a Low-Power Data Logger for Remote Vibration Monitoring 

Description 

Monitoring vibration in remote mechanical areas (e.g., tailrace, generator floor) is constrained 

by power and access. This project builds a low-power microcontroller-based logger with SD 

storage and wireless sync. 

Objective 

To develop a self-powered embedded logger that captures vibration data and syncs wirelessly 

when in range. 

 

5.23 Development of a Real-Time Data Acquisition System for Spillway Gate 

Sensors 

Description 

This topic designs a DAQ system to collect pressure, displacement, and feedback signals with 

digital timestamping. 

Objective 

To build a real-time embedded DAQ module for structured, timestamped sensor data 

capture. 

 

5.24 Integration of Modbus-Based Embedded Systems with SCADA for Remote 

Parameter Logging 

Description 

Many field instruments operate on Modbus protocol. This project develops an embedded 

interface that translates Modbus RTU or TCP data into SCADA-readable formats. 

Objective 

To implement embedded Modbus data acquisition and integrate it with centralized SCADA 

platforms. 

 

5.25 Real-Time Clock Synchronization for Distributed Embedded Monitoring 

Units 

Description 

Time mismatches in distributed data loggers affect analysis. This topic develops an embedded 

system with GPS or NTP time-sync capability for consistent timestamping across locations. 

Objective 

To ensure accurate time alignment across multiple embedded DAQ units using real-time 

synchronization protocols. 
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5.26 Microcontroller-Based System for Automatic Sensor Calibration Logging 

Description 

This project adds auto-logging and version control to a microcontroller-based sensor 

interface to track calibration history. 

Objective 

To enable embedded systems to log, timestamp, and archive all sensor calibrations for 

auditability. 

 

5.27 Improving SCADA Alarm Logic to Reduce False Gate Operation Alarms 

Description 

This topic investigates alarm configuration and logic thresholds to minimize false alarms while 

preserving critical fault detection. 

Objective 

To refine SCADA alarm logic for improved accuracy and situational awareness during 

mechanical operations. 

 

5.28 Network Topology Optimization for SCADA Redundancy and Latency 

Reduction 

Description 

Data latency between the control room and remote dam sections affects decision speed. This 

study evaluates current network structure and proposes topological improvements for faster, 

more reliable SCADA communication. 

Objective 

To design a fault-tolerant SCADA communication network that minimizes latency and ensures 

continuous plant monitoring. 

 

5.30 Cybersecurity Risk Assessment of SCADA Access Points in Hydropower 

Systems 

Description 

SCADA systems are increasingly vulnerable to cyber threats. This topic assesses security risks 

at physical and digital SCADA access points and proposes mitigation strategies relevant to 

HPP architecture. 

Objective 

To identify and reduce cybersecurity vulnerabilities in hydropower SCADA systems through 

structured risk assessment. 
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5.31 SCADA Integration of Predictive Maintenance Dashboards for Electrical 

Equipment 

Description 

A number of operational indicators are not fully integrated into the monitoring and control 

systems. This topic explores the design of dashboards to enhance early fault detection and 

decision-making. This topic explores dashboard design for early fault detection. 

Objective 

To develop and link a predictive maintenance dashboard into SCADA for electrical asset 

health monitoring. 

 

5.32 Real-Time Monitoring System for Backup Power Switchover Reliability 

Description 

Backup power systems at are critical during outages but may fail if switchovers are delayed. 

This topic designs a real-time SCADA-based logic and alert system to verify backup readiness. 

Objective 

To enhance SCADA automation for reliable detection, logging, and testing of backup power 

switchover operations. 

 

5.33 Grounding System Integrity Assessment for Outdoor Equipment Cabinets 

Description 

Moisture ingress and oxidation may compromise the effectiveness of grounding systems in 

outdoor control cabinets. This topic investigates the grounding integrity at hydropower plants 

and proposes improvements in design and periodic testing. 

Objective 

To assess and enhance the safety and performance of grounding systems for outdoor electrical 

enclosures. 

 

5.34 Arc Flash Risk Evaluation in High/Medium Voltage Panels 

Description 

Arc flash incidents pose a serious hazard during panel maintenance. This study models 

potential arc flash scenarios switchgear sections and provides safety recommendations based 

on IEEE 1584. 

Objective 

To conduct arc flash risk analysis and propose PPE levels, labelling, and mitigation measures 

for safer panel work. 
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5.35 Redesigning Lightning Protection Systems for Spillway Electrical 

Infrastructure 

Description 

Lightning strikes pose a threat to sensors and motorized systems on spillway gates. This topic 

evaluates surge protection devices and grounding techniques to improve lightning protection. 

Objective 

To analyse and redesign lightning protection systems for exposed electrical equipment in dam 

environments. 

 

5.36 Effect of Thermal Cycling on Outdoor Cable Insulation and Joint Failures 

Description 

Temperature fluctuations cause repeated expansion and contraction in cable jackets and 

terminations, accelerating aging. This study models insulation degradation due to thermal 

cycling. 

Objective 

To investigate material fatigue in outdoor cabling and recommend insulation or installation 

improvements. 

 

5.37 Design of Electrical Safety Audit Tools for Hydropower Plant Equipment 

Description 

Routine safety checks lack standardization. This topic involves creating a digital or paper-based 

safety audit checklist that technicians can use for consistent evaluations. 

Objective 

To develop and test a standardized electrical safety framework applicable to hydropower 

generation assets. 

 

5.38 Implementation of Fuzzy Logic Control for Adaptive Gate Positioning 

Description 

Hydraulic gate operations face changing flow rates and environmental resistance. This topic 

uses fuzzy logic to design a controller that adjusts gate motion based on variable load 

conditions. 

Objective 

To create an adaptive fuzzy logic controller for dynamic gate actuation. 
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5.39 Development of an Expert System for Diagnosing Mechanical Faults in 

Spillway Gates 

Description 

Repetitive faults in gate movement require expert judgment. This project builds a rule-based 

expert system that receives sensor input and suggests likely causes of failure. 

Objective 

To design an intelligent diagnostic assistant for gate-related fault identification. 

 

5.40 AI-Based Condition Classification of Actuator Motor Health 

Description 

Current detection of motor wear is manual and reactive. This topic trains a machine learning 

model (e.g., decision tree, SVM) to classify motor condition based on temperature, current, 

and vibration data. 

Objective 

To apply AI to classify motor health status for predictive maintenance. 

 

5.41 Design of a Mechatronic Surveillance Unit for Dam Structural Movement 

Monitoring 

Description 

Minor structural movements in embankments or retaining walls may go unnoticed. This topic 

develops a sensor-actuator node that detects, logs, and transmits movement data using tilt 

sensors and LoRa modules. 

Objective 

To develop a long-range, low-power intelligent node for structural movement surveillance. 

 

5.42 Integration of Voice-Controlled Interfaces for Remote Dam Control Panels 

Description 

Emergency situations may require hands-free interaction with control panels. This topic 

explores voice command integration with microcontroller units for predefined operations 

(e.g., status check, reset alarm). 

Objective 

To implement voice-enabled command systems for enhanced accessibility and emergency 

responsiveness 
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5.43 Implementation of Fuzzy Logic Control for Adaptive Gate Positioning 

Description 

Hydraulic gate operations face changing flow rates and environmental resistance. This topic 

uses fuzzy logic to design a controller that adjusts gate motion based on variable load 

conditions. 

Objective 

To create an adaptive fuzzy logic controller for dynamic gate actuation. 

 

5.44 Development of an Expert System for Diagnosing Mechanical Faults in 

Spillway Gates 

Description 

Repetitive faults in gate movement require expert judgment. This project builds a rule-based 

expert system that receives sensor input and suggests likely causes of failure. 

Objective 

To design an intelligent diagnostic assistant for gate-related fault identification. 

 

5.45 AI-Based Condition Classification of Actuator Motor Health 

Description 

Current detection of motor wear is manual and reactive. This topic trains a machine learning 

model (e.g., decision tree, SVM) to classify motor condition based on temperature, current, 

and vibration data. 

Objective 

To apply AI to classify motor health status for predictive maintenance. 

 

5.46 Design of a Mechatronic Surveillance Unit for Dam Structural Movement 

Monitoring 

Description 

Minor structural movements in embankments or retaining walls may go unnoticed. This topic 

develops a sensor-actuator node that detects, logs, and transmits movement data using tilt 

sensors and LoRa modules. 

Objective 

To develop a long-range, low-power intelligent node for structural movement surveillance. 
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5.47 Integration of Voice-Controlled Interfaces for Remote Dam Control Panels 

Description 

Emergency situations may require hands-free interaction with control panels. This topic 

explores voice command integration with microcontroller units for predefined operations 

(e.g., status check, reset alarm). 

Objective 

To implement voice-enabled command systems for enhanced accessibility and emergency 

responsiveness. 
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Chapter 6: Occupational Safety and Health 

(OSH)  
 

 

 

6.1 Overview 

This chapter addresses the critical need for comprehensive Occupational Safety and Health 

(OSH) practices in hydropower operations. The topics explore both physical and 

organizational dimensions of workplace safety. Ranging from confined space hazards, electrical 

risks, and flood response delays, to ergonomic concerns, PPE compliance, and cognitive fatigue 

during alarm events. 

Emphasis is placed on hazard identification, risk assessment, emergency preparedness, and 

regulatory compliance. Several topics apply simulation tools, ergonomic evaluation methods, 

and digital safety platforms to strengthen incident prevention, improve real-time 

responsiveness, and support continuous safety improvement. Attention is also given to 

contractor safety, policy enforcement across departments, and the integration of safety audit 

results into long-term operational planning. 

By merging practical field realities with modern OSH frameworks, this chapter offers research 

opportunities that support a safer, more resilient hydropower workforce. It encourages the 

development of both technical controls and human-centred strategies to mitigate 

occupational risks and uphold compliance with Uganda’s OSH Act and international best 

practices. 
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6.2 Hazard Mapping of Spillway Access and Walkways During Peak Discharge 

Operations 

Description 

Accessing spillway areas during discharge poses risks of falls, slips, and hydrodynamic hazards. 

This project involves mapping hazard zones and recommending engineering and administrative 

controls. 

Objective 

To identify high-risk zones during gate operations and propose safety design modifications or 

access protocols. 

 

6.3 Occupational Risk Assessment for Workers Handling Gate Hoist Maintenance 

Description 

Manual hoist servicing requires confined access and poses risks of mechanical injury and falls. 

This topic assesses hazards and recommends appropriate lockout/tagout procedures and PPE 

requirements. 

Objective 

To evaluate mechanical maintenance risks and develop a job-specific risk mitigation plan. 

 

6.4 Evaluation of Confined Space Entry Hazards in Underground Galleries and 

Valve Chambers 

Description 

Hydropower Dams include confined areas with poor ventilation and visibility. This topic 

explores risks of gas buildup, oxygen deficiency, and emergency response delays. 

Objective 

To assess confined space hazards and recommend detection, monitoring, and rescue 

protocols. 

 

6.5 Electrical Hazard Risk Assessment During Panel Inspection and 

Troubleshooting 

Description 

Switchgear panels and cable trenches expose technicians to arc flashes and electrocution. This 

topic reviews panel inspection procedures and develops a structured risk matrix. 

Objective 

To quantify risks and recommend procedural and PPE updates for safer electrical work. 
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6.6 Fire Risk Assessment in Control Rooms and Equipment Housing Areas 

Description 

Control rooms house flammable materials and sensitive electronics. This project identifies 

ignition sources, reviews suppression systems (e.g., water mist, CO₂), and models potential 

fire spread. 

Objective 

To evaluate fire risks and recommend suppression system upgrades and response plans. 

 

6.7 Evaluation of Emergency Evacuation Plans for Spillway and Intake Staff Zones 

Description 

Powerplant emergency evacuation routes are not routinely tested. This project assesses 

current evacuation procedures and simulates flow scenarios to optimize safe exits. 

Objective 

To evaluate and redesign evacuation plans for different plant areas under flood or power 

failure conditions. 

 

6.8 Effectiveness Assessment of Fire Suppression Systems in Critical Electrical 

Rooms 

Description 

Fire suppression systems may not fully meet updated electrical safety standards. This project 

reviews system configurations and tests response efficiency in high-risk electrical areas. 

Objective 

To assess the reliability and adequacy of fire suppression systems and suggest upgrades. 

 

6.9 Design of a Real-Time Emergency Notification System for Plant-Wide 

Communication 

Description 

In case of an emergency, staff need instant alerts across the dam complex. This topic proposes 

a digital system integrating SMS, PA systems, and visual beacons. 

Objective 

To create a unified, rapid emergency communication protocol for all staff zones. 
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6.10 Assessment of First Aid and Trauma Response Preparedness at Hydro 

Powerplants 

Description 

First aid responses can be critical in remote sites. This topic evaluates current first aid capacity, 

accessibility of kits, and staff training levels. 

Objective 

To strengthen first aid readiness and emergency medical response capacity across work zones. 

 

6.11 Simulation of Flood Scenarios and Their Impact on Emergency Response 

Time 

Description 

Unexpected water release from upstream dams or heavy rainfall may delay evacuations. This 

project models different flood levels and their effect on personnel movement and response 

efficiency. 

Objective 

To simulate plant-wide response to flooding and improve decision-making under time 

constraints. 

 

6.12 Assessment of PPE Compliance and Effectiveness Among Maintenance 

Teams 

Description 

Technicians may not consistently wear appropriate PPE due to discomfort, lack of awareness, 

or availability. This topic evaluates PPE compliance rates and links them to observed incidents. 

Objective 

To assess PPE usage patterns and propose strategies for improving protection and compliance. 

 

6.13 Ergonomic Risk Evaluation During Gate Hoist and Trash Rack Cleaning 

Operations 

Description 

Manual handling of hoists and trash racks can lead to musculoskeletal injuries. This topic uses 

ergonomic assessment tools (e.g., RULA, REBA) to evaluate worker posture and force 

exertion. 

Objective 

To analyse physical strain and recommend ergonomically safer tools or task redesigns. 
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6.14 Human Factors Analysis of Operator Decision - Making During Alarm Flood 

Events 

Description 

During multiple SCADA alarms, operators may miss or delay responses due to cognitive 

overload. This topic investigates alarm fatigue and its effect on decision-making accuracy. 

Objective 

To evaluate the role of cognitive stress and propose interface improvements or alarm 

prioritization strategies. 

 

6.15 Evaluation of PPE Suitability for High-Humidity and Outdoor Dam Work 

Environments 

Description 

Standard PPE may become uncomfortable or less effective in hot and humid settings. This 

topic tests available gear for moisture resistance, visibility, and breathability. 

Objective 

To recommend climate-adapted PPE solutions suitable for dam environments. 

 

6.16 Assessment of Worker Fatigue and Shift Patterns in Critical Operational 

Roles 

Description 

Long shifts during floods or outages can impair performance. This topic analyses staff rotation 

patterns, rest schedules, and alertness to propose safer shift arrangements. 

Objective 

To reduce human error risks by aligning work patterns with best-practice fatigue management. 

 

6.17 Evaluation of OSH Policy Implementation Across Plant Divisions 

Description 

Plant Safety policies are available, but execution may vary across departments. This topic 

evaluates enforcement compliance, staff awareness, and implementation gaps in mechanical, 

electrical, and civil sections. 

Objective 

To assess the consistency of OSH policy application and recommend strategies for 

organization-wide alignment. 
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6.18 Development of a Digital OSH Management Information System for Incident 

Tracking and Audits 

Description 

Incident records and safety inspections are still largely manual. This project develops a 

centralized digital system for real-time safety data, audit logs, and compliance tracking. 

Objective 

To streamline safety documentation and reporting through digital management tools. 

 

6.19 Compliance Assessment with Uganda’s Occupational Safety and Health Act 

(2006) 

Description 

This project benchmarks power plant safety practices against the national OSH Act, identifying 

gaps in training, reporting, hazard control, and medical surveillance. 

Objective 

To ensure the plant meets all national legal requirements and identify compliance 

improvement areas. 

 

6.20 Review of Contractor Safety Induction and Monitoring Procedures 

Description 

External contractors may not receive uniform safety briefings. This topic reviews contractor 

onboarding, induction quality, and compliance monitoring during high-risk tasks. 

Objective 

To improve third-party safety performance through standardized induction and supervision 

protocols. 

 

6.21 Analysis of Safety Audit Outcomes and Their Integration into Continuous 

Improvement Plans 

Description 

Audit findings at hydro powerplants sometimes do not translate into timely corrective action. 

This project studies past audits and designs a feedback loop for embedding findings into safety 

plans. 

Objective 

To ensure safety audits result in actionable and monitored changes in plant operations. 
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Chapter 7: Financial and Economic Impact of 

Hydropower Infrastructure 

 

7.1 Overview 

Hydropower infrastructure is currently the cornerstone of Uganda’s energy and economic 

development strategy, offering the potential to drive industrialization, expand electricity 

access, and stimulate regional growth. This chapter explores the broad economic implications 

of large-scale hydropower investments, with a focus on the Isimba, Karuma, Hydropower 

Plant and its comparative role within Uganda and East Africa. 

The topics span key areas including cost-benefit analysis, return on investment (ROI), tariff 

impacts, public debt sustainability, and the economic spillovers to local communities. Special 

attention is given to the financial structure of Isimba and Karuma, its role in supporting 

Uganda’s GDP and industrial competitiveness, and its influence on national budget allocations 

and energy policy. 

This chapter also integrates environmental economics, gendered economic impacts, and the 

valuation of ecosystem services, highlighting the multidimensional trade-offs in hydropower 

development. Further topics address the resilience of revenue streams under climate 

variability, opportunities for hybrid systems (e.g., floating solar), and policy pathways to 

maximize long-term returns on energy infrastructure. 

By combining macroeconomic modelling, regional development analysis, and financial risk 

assessment, this chapter supports informed decision-making in energy planning, investment 

strategy, and policy formulation for sustainable hydropower development in Uganda. 

Hydropower infrastructure plays a critical role in Uganda’s energy supply, regional 

development, and industrial productivity. Understanding its macro- and micro-economic 

implications can support better investment planning, fiscal policy, and development strategies. 

This chapter presents research topics focused on evaluating the economic value and regional 

impacts of large-scale hydropower investments. 
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7.2 Cost-Benefit Analysis of the Isimba/Karuma Hydropower Plant on Uganda’s 

Power Sector 

Description 

This topic assesses whether the long-term benefits of Isimba/Karuma (e.g., energy reliability, 

lower tariffs, increased access) outweigh the construction and operating costs. 

Objective 

To evaluate the economic viability of Isimba/Karuma using discounted cash flow models and 

cost-benefit ratios. 

 

7.3 Economic Spillover Effects of Isimba on Kayunga and Kamuli Districts 

Description 

This project examines how employment, transport, small businesses, and land use have 

changed in the surrounding districts due to the presence of Isimba HPP. 

Objective 

To quantify regional economic development stimulated by hydropower infrastructure. 

 

7.4 Impact of Isimba HPP and Karuma HPP on Uganda’s Industrial Electricity 

Tariffs 

Description 

One goal of Isimba and Karuma was to reduce industrial electricity costs. This topic tracks 

changes in tariff levels and industrial output before and after the plants’ commissioning. 

Objective 

To assess whether Isimba and Karuma helped make electricity more affordable and 

competitive for industry. 

 

7.5 Contribution of Isimba/Karuma HPP to Uganda’s GDP and National Energy 

Independence 

Description 

This topic investigates how the plant contributes to national output, foreign exchange savings 

(via import substitution), and energy self-reliance. 

Objective 

To quantify Karuma/Isimba macroeconomic contributions using national accounts and energy 

trade data. 
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7.6 Comparative Economic Analysis of Isimba, Karuma and Other East African 

Hydropower Projects 

Description 

This topic compares Isimba’s, Karuma’s cost per megawatt, project timelines, and regional 

benefits to other HPPs like Bujagali (Uganda) and Lower Kafue (Zambia). 

Objective 

To benchmark Powerplant performance and draw lessons for future infrastructure 

investments. 

 

7.7 Cost-Benefit Analysis of the Isimba/Karuma Hydropower Plant on Uganda’s 

Power Sector 

Description 

This topic assesses whether the long-term benefits of Isimba/karuma HPP (e.g., energy 

reliability, lower tariffs, increased access) outweigh the construction and operating costs. 

Objective 

To evaluate the economic viability of Isimba/Karuma using discounted cash flow models and 

cost-benefit ratios. 

 

7.8 Evaluation of the Financial Structure Used in the Isimba/Karuma Hydropower 

Project 

Description 

Isimba/Karuma was financed through a bilateral loan arrangement with China Exim Bank. This 

topic evaluates the terms, risks, and repayment implications of that structure. 

Objective 

To assess the sustainability and opportunity cost of Isimba’s/Karuma’s financing model on 

national public debt. 

 

7.9 Analysis of Electricity Generation Costs at Uganda’s Hydropower plants 

Compared to Thermal and Solar Plants 

Description 

Different energy sources incur different generation costs. This topic compares the levelized 

cost of energy (LCOE) at Isimba/Karuma with that of solar, HFO thermal power plants in 

Uganda. 

Objective 

To identify the cost-effectiveness of hydropower and its competitiveness in Uganda’s energy 

mix. 
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7.10 Impact of Hydropower Financing on National Budget Allocations 

Description 

Servicing loans for large hydropower projects affects other public sector priorities. This topic 

investigates the trade-offs made in Uganda’s national budget to support Isimba’s and Karuma’s 

repayment obligations. 

Objective 

To analyse how energy sector borrowing influences allocations to health, education, and 

infrastructure. 

 

7.11 Role of Feed-In Tariffs and Power Purchase Agreements (PPAs) in 

Determining Consumer Electricity Prices 

Description 

Hydropower pricing depends on negotiated PPAs and regulatory tariffs. This topic explores 

the influence of Isimba’s/Karuma’s PPA terms on consumer pricing and long-term tariff trends. 

Objective 

To understand how contract terms shape end-user electricity costs and utility financial health. 

 

7.12 Assessment of Return on Investment (ROI) for Government and 

Development Partners in Isimba/Karuma 

Description 

This topic calculates ROI for key stakeholders in the project — including the government, 

project contractors, and financiers — using real and projected financial data. 

Objective 

To determine the financial returns on public and private capital invested in the Hydropower 

plants 

 

7.13 Impact of Isimba HPP/Karuma on Household Electricity Access and 

Affordability 

Description 

Access to electricity remains uneven across Uganda. This topic evaluates whether Isimba has 

led to increased grid coverage and more affordable household tariffs, especially in rural areas. 

Objective 

To assess the relationship between hydropower expansion and inclusive household 

electrification. 

 

 



 49 

 

7.14 Analysis of Employment Trends and Skills Development During and After 

Isimba/Karuma Construction 

Description 

Large projects generate direct and indirect jobs. This topic analyses the employment created 

during construction and current operations, including skill transfer opportunities. 

Objective 

To quantify job creation and identify skills gaps filled or left by the hydropower investment. 

 

7.15 Role of Isimba/Karuma in Supporting Agro-Industrial and SME Energy 

Demands 

Description 

Consistent power supply is vital for small and medium enterprises (SMEs) and Agro 

processing. This topic investigates whether Isimba’s/Karuma output has enhanced energy 

reliability for such sectors. 

Objective 

To determine the contribution of stable hydropower to local business productivity and 

growth. 

 

7.16 Community Infrastructure Improvements Linked to Isimba/Karuma Project 

Implementation 

Description 

The dam construction included roads, schools, and health centres. This project assesses the 

long-term community benefits and usage of such infrastructure. 

Objective 

To evaluate the indirect socioeconomic gains from project-associated infrastructure. 

 

7.17 Assessment of Gendered Impacts of Energy Expansion from Isimba/Karuma 

HPP 

Description 

Women often experience energy access and economic change differently. This topic explores 

how energy from Isimba/Karuma has affected women’s productivity, safety, and opportunities. 

Objective 

To study the gendered outcomes of improved electricity access in project-influenced 

communities. 
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7.18 Cost of Environmental Mitigation Measures in Large Hydropower Projects: 

A Case Study of Karuma HPP 

Description 

Construction of Karuma required fish ladders, reforestation, and habitat management. This 

topic estimates the cost of these interventions and weighs them against ecosystem service 

losses. 

Objective 

To evaluate whether the mitigation measures provide value for money and adequate 

ecological compensation. 

 

7.19 Economic Valuation of Ecosystem Services Lost Due to Isimba/Karuma 

Reservoir Formation 

Description 

Submerged land and altered river flow impact fisheries, wetlands, and riparian habitats. This 

topic assigns economic value to lost ecosystem services. 

Objective 

To calculate the opportunity cost of natural resources displaced by the reservoir. 

 

7.20 Long-Term Cost Implications of Sedimentation and Silt Management at 

Isimba/Karuma HPP 

Description 

Sediment accumulation affects plant efficiency and lifespan. This topic estimates the financial 

cost of silt removal and reduced efficiency over time. 

Objective 

To model sedimentation economics and identify cost-effective management strategies. 

 

7.21 Policy Analysis of Uganda’s Environmental Impact Assessment (EIA) 

Requirements in Hydropower Development 

Description 

This topic reviews the EIA process used for Isimba/Karuma and assesses how effectively 

environmental economics was integrated into project approval and monitoring. 

Objective 

To evaluate whether current EIA practices fully capture and account for long-term 

environmental costs. 
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7.22 Cost Comparison Between Run-of-River and Reservoir-Based Hydropower 

in Uganda 

Description: 

This topic compares environmental externalities and long-run sustainability of this model with 

run-of-river systems like Nyagak. 

Objective: 

To provide policy recommendations based on trade-offs between environmental cost and 

energy output. 

 

7.23 Analysis of Uganda’s Renewable Energy Policy and Its Influence on 

Hydropower Investment Decisions 

Description 

Uganda's Renewable Energy Policy guides private and public sector energy development. This 

topic assesses how policy directives influenced the selection, funding, and implementation of 

Large Hydropower plants. 

Objective 

To evaluate the alignment between national energy policy and major hydropower investments. 

 

7.24 Regulatory Impact Assessment of ERA's Tariff Setting for Large Hydropower 

Projects 

Description 

Uganda’s Electricity Regulatory Authority (ERA) determines tariffs that affect power 

affordability and investment returns. This project evaluates how ERA’s decisions on tariffs 

impact consumers and power producers. 

Objective 

To analyse regulatory trade-offs between cost recovery and affordable electricity. 

 

7.25 Evaluation of Public-Private Partnership (PPP) Frameworks for Future 

Hydropower Projects in Uganda 

Description 

Although large hydropower plants were publicly financed, future projects may use PPPs. This 

topic evaluates Uganda’s current PPP legal framework in the energy sector. 

Objective 

To identify economic opportunities and risks associated with PPPs in large hydropower. 
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7.26 Assessment of National Development Plan (NDP) Energy Objectives and 

Large Hydropower plants Contribution 

Description 

Uganda’s NDP strategic goals for energy access and industrialization. This topic evaluates 

Large Hydropower plants alignment with these goals in terms of energy security, reliability, 

and industrial development. 

Objective 

To assess how hydropower contributes to achieving national economic plans. 

 

7.27 Policy Recommendations for Enhancing Economic Returns from Large-Scale 

Energy Projects 

Description 

Many hydropower projects in Africa underperform in delivering long-term benefits. This topic 

offers a policy-focused economic review of Uganda’s hydropower plants lifecycle and 

recommends planning improvements. 

Objective 

To develop evidence-based policy strategies that maximize economic returns from energy 

infrastructure. 

 

7.28 Economic Impacts of Lake Victoria Water Level Fluctuations on 

Naluubale/Kira Generation 

Description 

Lake Victoria regulates inflows to Naluubale/Kira. This project analyses how changing lake 

levels, linked to climate variability, affect electricity output and revenue. 

Objective 

To model climate-linked revenue risks and propose adaptive water management strategies. 

 

7.29 Valuation of Climate Resilience Measures in Hydropower Operations 

Description 

Installing early warning systems, upgrading embankments, or diversifying inflow sources have 

upfront costs. This topic compares those costs with avoided damage and downtime. 

Objective 

To conduct a cost-effectiveness analysis of climate adaptation interventions. 
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7.30 Financial Instruments for Managing Hydropower Revenue Uncertainty 

Under Climate Risk 

Description 

Weather-indexed insurance, flexible tariffs, and generation hedging are options to manage 

climate risk. This topic explores their relevance to Uganda’s hydropower sector. 

Objective 

To identify innovative financial tools for stabilizing hydropower revenue in a changing climate. 

7.31 Cost-Benefit Analysis of Integrating Floating Solar PV with Hydropower 

Reservoirs 

Description 

Floating solar projects are being explored at Isimba. This topic estimates additional energy 

yields, CAPEX/OPEX requirements, and joint dispatch optimization. 

Objective 

To evaluate the economic viability and payback period of hybrid hydropower-solar systems. 
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