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Abstract:  

This research addresses the critical issue of transformer 

oil leaks in Saudi Arabia’s power transmission 

infrastructure, focusing on gasket failures as a primary 

cause. By investigating gasket degradation mechanisms, 

evaluating leak detection methods, and exploring 

advanced gasket materials such as nanocomposites and 

smart gaskets, this study aims to enhance transformer 

sustainability. The proposed solutions align with Saudi 

Arabia’s Vision 2030 goals, emphasizing environmental 

protection, operational efficiency, and economic viability. 

Experimental data from laboratory and field tests, 

including tensile strength, elongation, and accelerated 
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aging, are analyzed to evaluate the effectiveness of new 

gasket technologies. The findings aim to reduce oil leak 

incidents by 10–15%, lower maintenance costs, and 

extend transformer lifespans. 
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 Introduction 

Saudi Arabia is experiencing an increasing demand for 

electricity driven by rapid urbanization and industrial 

growth. Power transformers, which are vital for ensuring a 

reliable electricity supply, often suffer from oil leaks 

primarily due to gasket failures. As Lakhiani (2014) 

emphasizes, "Eco-friendly leak-proof transformers are 

essential for sustainable power systems," underscoring the 

importance of tackling this issue.  

The repercussions of these leaks extend beyond 

environmental concerns; they also threaten the economic 

stability of the power sector. Leaked oil can contaminate 

ecosystems, endangering wildlife and heightening fire 
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risks. According to Islam  Ali (2024), while Saudi Arabia's 

transition to green energy is essential, it is also complex.  

Despite recent initiatives aimed at diversifying energy 

sources, the Gulf Cooperation Council (GCC) is under 

significant environmental scrutiny regarding the effects of 

hydrocarbon investments. This situation underscores the 

urgent need for effective strategies to prevent and mitigate 

transformer oil leaks, thereby supporting the Kingdom's 

sustainability objectives.  

This research aims to investigate the causes of gasket 

degradation, assess advanced leak detection techniques, 

and explore innovative gasket technologies to improve 

transformer sustainability in Saudi Arabia. 
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1.2 Study Problem 

Main Problem: Transformer Oil Leaks in Saudi Arabia's 

Power Transmission Infrastructure 

Transformer oil leaks pose a significant challenge within 

Saudi Arabia's power transmission infrastructure, leading 

to several critical issues: 

1. Environmental Pollution: The leakage of transformer oil 

results in the contamination of soil and groundwater, 

which severely harms local ecosystems. 

2. Economic Losses: The financial implications are 

substantial, encompassing costs related to repairs, 

environmental remediation, and the economic impact of 



12 

 12 

power outages. 

3. Safety Hazards: Oil leaks increase the risk of fires and 

electrical hazards, posing serious safety threats to both 

personnel and the surrounding communities. 

4. Operational Disruptions: These leaks can lead to 

unplanned outages, ultimately reducing the reliability of 

the power grid. 

As Lakhiani (2014) emphasizes, there is a pressing need 

for eco-friendly gasket designs to mitigate oil leaks, 

underscoring the importance of developing durable and 

reliable sealing solutions.  

The degradation mechanisms that contribute to these 

leaks are intensified by Saudi Arabia's harsh desert 
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climate. Factors such as aging, thermal stress, chemical 

exposure, and mechanical strain are particularly 

problematic.  

Moreover, research by Osama E. Gouda, Saber M. 

Saleh, and Salah Hamdy EL-Hoshy (2015) highlights the 

potential of dissolved gas analysis (DGA) for early fault 

detection in transformers, suggesting that advanced 

techniques can significantly aid in leak mitigation efforts.  

The extreme environmental conditions in Saudi Arabia—

characterized by high ambient temperatures that can 

reach up to 55°C and frequent sandstorms—further 

exacerbate these degradation mechanisms, leading to 
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premature failures and an increased frequency of oil 

leaks. 

1.3 Importance of the Study 

This study holds significant scientific and practical 

importance for several reasons: 

• Alignment with Saudi Vision 2030: It supports the 

objectives of environmental sustainability and economic 

diversification outlined in the national vision. 

• Enhancement of Grid Reliability: By addressing 

transformer oil leaks, the study aims to reduce unplanned 

outages and improve overall operational efficiency. 

• Mitigation of Environmental Impact: It focuses on 

protecting local ecosystems and minimizing pollution, 
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thereby contributing to a healthier environment. 

• Improvement of Economic Viability: The findings can 

lead to lower maintenance costs and extended lifespans 

for transformers, ultimately benefiting the economy. 

1.4 Objectives of the Study 

This study aims to achieve the following objectives: 

1. Investigate Gasket Degradation Mechanisms: Analyze 

how the unique conditions of Saudi Arabia's arid climate 

contribute to the deterioration of gaskets used in 

transformers, identifying specific factors that accelerate 

degradation. 

2. Evaluate Advanced Leak Detection Methods: Assess 

the effectiveness of modern leak detection technologies, 
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such as Internet of Things (IoT) sensors and Dissolved 

Gas Analysis (DGA), in identifying and monitoring oil 

leaks in real-time. 

3. Explore Sustainable Gasket Materials and Maintenance 

Practices: Research and propose innovative, 

environmentally friendly gasket materials and maintenance 

strategies that can reduce the occurrence of oil leaks and 

enhance the longevity of transformer components. 

4. Assess Economic and Environmental Impact: Analyze 

the potential economic benefits and environmental 

implications of implementing advanced gasket 

technologies and sustainable practices, highlighting their 

value in reducing maintenance costs and minimizing 
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ecological damage.  

By addressing these objectives, the study seeks to 

contribute valuable insights that can enhance transformer 

reliability while promoting sustainability in the energy 

sector 

.1.5 Study Questions 

Main Question: What are the key factors influencing the 

performance and sustainability of gaskets in power 

transformers operating in Saudi Arabia's dry climate? 

1. What are the major causes of gasket degradation in 

power transformers operating in Saudi Arabia's dry 

climate? 
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2. How effective are advanced leak detection methods, 

such as IoT sensors and Dissolved Gas Analysis (DGA), 

in identifying and preventing transformer oil leaks? 

3. What are the potential benefits and challenges 

associated with the adoption of advanced gasket 

materials, such as nanocomposites and smart gaskets, 

within Saudi Arabia's power transmission infrastructure? 

4. What policy recommendations can be proposed to 

enhance sustainable transformer management practices 

and reduce oil leaks in the Kingdom of Saudi Arabia? 

1.6 Study Assumptions 
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Study Assumptions 

 

1. Gasket failure significantly contributes to transformer oil 

leaks in Saudi Arabia. 

2. The use of advanced gasket materials and leak 

detection techniques can improve the sustainability of 

transformers. 

3. Data obtained from laboratory experiments and field 

tests will reliably represent real-world conditions. 

Study Terminology 

Key Terms: 

• Transformer Sustainability: The ability of transformers to 

operate efficiently and reliably over the long term with 
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minimal negative impacts on the environment and 

economy. This includes reducing failures, extending 

operational life, and minimizing the need for costly 

maintenance and disposal of contaminated oils. 

• Power Transmission Projects: Projects related to the 

transmission of electrical energy from production sources 

to distribution and consumption centers through high-

voltage electrical networks. 

• Kingdom of Saudi Arabia: The geographical and 

regulatory context of the study, considering the 

environmental and operational conditions specific to its 

power transmission networks. 
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• Advanced Sealing Gasket Technologies: The latest 

innovations in the design, materials, and manufacturing of 

sealing gaskets used in transformers, aimed at improving 

their performance and effectively preventing oil leaks. 

• Sealing Gaskets: Flexible components used to seal gaps 

between different parts of the transformer, including pipe 

joints and tank covers, to prevent the leakage of insulating 

and cooling oil. 

• Leak Detection Methods: Procedures and techniques 

used to identify the presence, location, and size of oil 

leaks from transformers. 

• Oil Leakage Reduction: Efforts and measures taken to 

reduce or prevent the leakage of insulating and cooling oil 
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from transformers, aimed at improving operational 

efficiency and environmental safety. 

• Oil Leakage: The unintended release of insulating and 

cooling oil from transformers into the surrounding 

environment. 

 

Study Variables 

Dependent Variable: 

• Transformer Sustainability: Measured by a set of 

indicators, including: 

  • Failure Rate: The number of times transformers fail or 

require major maintenance over a specified period. 
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  • Mean Time Between Failures (MTBF): The average 

time period that transformers operate normally between 

each failure. 

  • Maintenance Costs: The total costs associated with the 

maintenance and repair of transformers. 

  • Operational Lifespan: The duration for which a 

transformer can operate efficiently before needing 

replacement. 

  • Quantity of Leaked Oil: The volume of oil lost due to 

leaks over a specified period. 

  • Environmental Impact: The negative effects of oil leaks 

on the surrounding environment. 
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Independent Variables: 

• Advanced Sealing Gasket Technologies: 

  • Gasket Material Type: (e.g., high-performance 

synthetic rubber, composite materials, etc.). 

  • Gasket Design: (e.g., multi-layer design, optimized 

sealing design, etc.). 

  • Installation Techniques: (e.g., using precise installation 

tools, standardized installation procedures, etc.). 

  • Integrated Monitoring Systems: (e.g., pressure and 

temperature sensors integrated into the gaskets).   

• Leak Detection Methods: 

  • Early Detection Techniques: (e.g., gas sensors, 

acoustic sensors, thermal imaging). 
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  • Localized Detection Techniques: (e.g., revealing dyes, 

fluorescent materials). 

  • Continuous Monitoring Systems: (e.g., automated 

systems that continuously monitor oil levels and 

pressure). 

  • Periodic Inspection Protocols: (e.g., regular visual and 

technical inspection procedures). 
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 Previous Studies 

Previous Studies 
Local Studies 
Al-Taher Study (2018): The study showed that renewable 
energies contribute to achieving sustainable development, as 
they are energy acquired from nature, constantly renewed, 
inexhaustible, and non-polluting. 

Ali Study (2018): The study clarified the existence of a positive 
relationship between renewable energy production and economic 
sustainability in Egypt in the long term, and that renewable 
energy affects economic sustainability. 

Mohammed and Al-Rashidi Study (2022): The research results 
indicated that the use of solar renewable energy in the 
production of biofuel plants (Jojoba) achieves financial and 
environmental feasibility in the Red Sea Governorate. 

Foreign Previous Studies 
Hannan et al. Study (2021) 
Study Objectives: Studying the impact of using renewable 
energy and artificial intelligence in achieving the Sustainable 
Development Goals. 
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Independent Variable: Use of renewable energy and artificial 
intelligence. 

Dependent Variable: Sustainable development. 

Research Methodology: The study relied on the descriptive 
analytical approach. 

Key Findings and Recommendations:  

The results concluded that renewable energy has a positive 
impact towards achieving 75 targets of the Sustainable 
Development Goals, while it may negatively affect the 
achievement of 27 targets. 

Artificial intelligence can help in enabling renewable energy to 
achieve 42 targets out of 169 targets. 

With the current accelerating growth of the share of renewable 
energy and the development of artificial intelligence, this should 
be accompanied by a regulatory vision and the regulation of the 
technology necessary to cover more goals in the future. 

Behera Sethi Study (2023) 
Study Objectives: Studying the impact of the role of renewable 
energy, green finance, and policy stability in achieving Goal 13 
of the Sustainable Development Goals, an empirical view from 
emerging economies.1 
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Independent Variable: The role of renewable energy, green 
finance, and policy stability. 

Dependent Variable: Sustainable development. 

Research Methodology: The study relied on the descriptive 
analytical approach. 

Key Findings and Recommendations:  

The results concluded that renewable energy consumption and 
green finance significantly reduce carbon dioxide emissions. 

A positive effect of political stability on carbon dioxide emissions 
was observed. 

The study recommended that emerging economies need a 
stronger political system to promote green finance and 
renewable energy consumption to achieve sustainable 
development goals by addressing climate change policy.2 
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Theoretical Framework 
Concept of Sustainability in the Energy Sector: 
Definition of sustainability and its different dimensions 
(economic, environmental, social). 

Importance of sustainability in the energy transmission sector 
and its impact on sustainable development in the Kingdom of 
Saudi Arabia. 

Global and local trends towards sustainability in energy asset 
management. 

Power Transformers and Their Vital Role in Energy 
Transmission Networks: 
Explanation of the operating principle of power transformers and 
their different types used in transmission networks. 

Strategic importance of transformers in ensuring the stability and 
efficiency of energy transmission networks. 

Challenges and risks associated with the operation and 
maintenance of transformers. 

Oil Leakages in Transformers: Causes and Effects: 
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Analysis of the main reasons for oil leakages in transformers 
(manufacturing defects, corrosion, harsh operating conditions, 
etc.). 

Clarification of the environmental, economic, and operational 
effects of oil leakages (soil and water pollution, oil loss, fire 
hazards, operational shutdowns, maintenance costs). 

Regulatory frameworks and environmental standards related to 
handling transformer oils and their leakages in the Kingdom of 
Saudi Arabia. 

Advanced Heater Gasket Technologies for Transformers: 
Review of traditional heater gasket types used in transformers 
and their weaknesses. 

Analysis of advanced heater gasket technologies (modern 
materials, improved designs, innovative sealing techniques). 

Evaluation of the effectiveness and reliability of these advanced 
technologies in preventing oil leakages and extending the 
lifespan of transformers. 

Methods of Leakage Detection in Transformers: 
Review of traditional methods for detecting oil leakages (visual 
inspection, manual tests). 
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Analysis of advanced leakage detection technologies (remote 
sensors, thermal imaging, chemical oil analysis techniques). 

Comparison between the effectiveness, accuracy, and cost of 
different leakage detection methods. 

The Role of Predictive Maintenance in Reducing Oil Leakages: 
Explanation of the concept of predictive maintenance and its 
importance in energy asset management. 

Clarification of how early fault detection technologies (including 
leakages) can be used to reduce leakage incidents. 

Review of tools and techniques used in the predictive 
maintenance of transformers. 

Best Practices in Transformer Oil Management: 
Analysis of the transformer oil lifecycle (filling, operation, 
treatment, regeneration, disposal). 

Review of best practices in handling transformer oils to ensure 
their safety and reduce environmental risks. 

Importance of periodic testing of transformer oils for the early 
detection of potential problems. 

Future Trends in Sustainable Transformer Technology: 
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Review of modern innovations in transformer design and 
manufacturing to enhance their sustainability (oil alternative 
materials, high-efficiency transformers, compact designs).1 

Analysis of the potential for applying these future trends in 
energy transmission projects in the Kingdom of Saudi Arabia. 

Regulatory Framework and Incentives to Promote Transformer 
Sustainability in the Kingdom of Saudi Arabia: 
Analysis of government policies and regulations related to the 
energy sector and environmental protection in the Kingdom. 

Review of incentives and facilities provided for adopting 
sustainable technologies in energy projects. 

Identification of the challenges and opportunities related to the 
implementation of these policies and incentives. 

 

The Concept of Sustainability in the Energy Sector: 
Definition of Sustainability and its Different Dimensions 
(Economic, Environmental, Social): 
Definition: Sustainability, at its core, is the ability to meet the 
needs of the present without compromising the ability of future 
generations to meet their own needs.1 This simple definition 
goes beyond the environmental aspect to include other 
interconnected dimensions. 
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Different Dimensions: 
Economic Dimension: Focuses on sustainable economic growth 
that does not deplete natural resources or lead to environmental 
degradation in the long term. In the energy sector, this means 
achieving energy efficiency, developing economically viable 
renewable energy sources, and creating sustainable job 
opportunities in this sector. It also includes reducing long-term 
operational and maintenance costs by adopting sustainable 
technologies. 
Environmental Dimension: Relates to preserving the 
environment, protecting natural resources, and reducing the 
negative impacts of human activities on the planet. In the energy 
sector, this means reducing greenhouse gas emissions, limiting 
pollution from energy production and transmission (such as soil 
and water pollution from oil spills), and preserving biodiversity. 
Social Dimension: Focuses on achieving justice, equality, and 
well-being for all members of society. In the energy sector, this 
means ensuring access to affordable energy services for all, 
providing safe and healthy working environments for workers in 
the sector, and involving local communities in energy projects 
while respecting their rights and needs. 
Importance of Sustainability in the Energy Transmission Sector 
and its Impact on Sustainable Development in the Kingdom of 
Saudi Arabia: 
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Importance in the Energy Transmission Sector: The energy 
transmission sector is a vital link between energy production 
sources and consumers. Applying sustainability principles in this 
sector is of utmost importance for the following reasons: 
Reducing Losses: Unsustainable transmission networks may 
lead to significant energy loss during transmission, which 
consumes additional resources and increases emissions. 

Enhancing Efficiency: Adopting sustainable technologies and 
practices can improve the efficiency of transmission networks 
and reduce energy and resource consumption. 

Lowering Environmental Risks: Reducing oil and other harmful 
material leaks protects the environment and reduces treatment 
and cleanup costs. 

Increasing Asset Lifespan: Sustainable maintenance and the use 
of durable technologies can extend the life of transformers and 
other equipment, reducing the need for frequent replacements. 

Improving Reliability and Stability: Sustainable transmission 
networks are more reliable and less prone to outages, ensuring 
a continuous supply of energy. 

Impact on Sustainable Development in the Kingdom of Saudi 
Arabia: The Kingdom of Saudi Arabia is increasingly focused on 
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achieving sustainable development in various sectors, including 
the energy sector. Applying sustainability in the energy 
transmission sector directly contributes to achieving the 
Kingdom's sustainable development goals through: 
Diversifying Energy Sources: Paves the way for the efficient 
integration of renewable energy sources into the grid. 

Protecting the Environment: Reduces the negative environmental 
impacts of the energy sector, in line with the Kingdom's Vision 
2030. 

Promoting Sustainable Economic Growth: Creates investment 
opportunities and new jobs in the field of sustainable 
technologies and practices. 

Improving Quality of Life: Ensures a reliable and clean energy 
supply for citizens and residents. 

Global and Local Trends Towards Sustainability in Energy Asset 
Management: 
Global Trends: The global energy sector is witnessing a shift 
towards sustainability driven by increasing awareness of climate 
change, resource scarcity, and regulatory pressures. Key global 
trends include: 
Transition to Renewable Energy Sources: Increasing reliance on 
solar, wind, hydro, and other clean energy sources. 
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Increasing Energy Efficiency: Adopting technologies and 
practices that reduce energy consumption at all stages of 
production, transmission, and consumption. 

Developing Smart Grids: Using technology to improve the 
management of energy networks and increase their reliability 
and efficiency. 

Circular Economy: Adopting economic models that aim to reuse 
and recycle materials and components to reduce waste and 
resource depletion. 

Focus on Sustainability in Asset Management: Integrating 
sustainability principles into the design, procurement, operation, 
and maintenance of energy assets. 

Local Trends in the Kingdom of Saudi Arabia: The Kingdom of 
Saudi Arabia has adopted Vision 2030, which places great 
emphasis on sustainability in the energy sector. Key local trends 
include: 
Saudi Green Initiative: Aims to increase reliance on renewable 
energy and reduce carbon emissions. 

Massive Renewable Energy Projects: Significant investments in 
solar and wind energy projects. 
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Energy Efficiency Programs: Initiatives to rationalize energy 
consumption in various sectors. 

Investment in Clean Technologies: Supporting research and 
development and adopting technologies that reduce the 
environmental impacts of the energy sector. 

Focus on Developing Sustainable Infrastructure: Including 
energy transmission networks. 

Electrical Transformers and Their Vital Role in Energy 
Transmission Networks: 
Explanation of the Working Principle of Electrical Transformers 
and Their Different Types Used in Transmission Networks: 
Working Principle: Electrical transformers rely on the principles 
of electromagnetic induction to transfer electrical energy between 
two or more circuits at different voltages without a direct 
electrical connection between them. A transformer mainly 
consists of two coils of wire (the primary coil and the secondary 
coil) wound around an iron core. When an alternating current 
passes through the primary coil, it produces an alternating 
magnetic field that penetrates the iron core and induces an 
alternating voltage in the secondary coil. The voltage ratio 
between the two coils is proportional to the ratio of the number 
of turns in each coil. 
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Different Types Used in Transmission Networks: There are 
different types of transformers used in energy transmission 
networks, classified based on several factors such as: 
Voltage Level:  

Step-up Transformers: Used in power generation plants to raise 
the electrical voltage to very high levels for efficient transmission 
over long distances. 

Step-down Transformers: Used in distribution substations to 
lower the electrical voltage to levels suitable for industrial, 
commercial, and residential use. 

Insulation Type:  

Oil-immersed Transformers: Use oil as an insulator and cooling 
medium. They are the most common in high-capacity 
transmission networks. 

Dry-type Transformers: Use air or solid materials as insulation. 
They are often used in indoor or relatively low-capacity 
applications. 

Number of Phases:  

Single-phase Transformers: Used in specific applications or in 
building three-phase transformer banks. 
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Three-phase Transformers: The most commonly used in energy 
transmission and distribution networks. 

Design and Construction: There are different designs such as 
shell-type transformers and core-type transformers. 

Strategic Importance of Transformers in Ensuring the Stability 
and Efficiency of Energy Transmission Networks: 
Enabling Long-Distance Transmission: Step-up transformers 
allow for the efficient transmission of electrical energy over long 
distances by reducing energy loss due to wire resistance (as the 
loss is inversely proportional to the square of the voltage). 

Facilitating Interconnection Between Different Voltage Systems: 
Transformers allow for the connection of transmission and 
distribution networks with different voltage levels, enabling the 
integration of energy sources and meeting the needs of different 
consumers. 

Ensuring Voltage Stability: Transformers with voltage regulators 
help maintain a stable voltage level at distribution points 
regardless of load changes on the network. 

Protecting Equipment: Isolation transformers separate high-
voltage circuits from low-voltage circuits, providing protection for 
equipment and users. 
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Improving Network Efficiency: By transmitting energy at high 
voltages and reducing losses, transformers contribute to 
improving the overall efficiency of the energy transmission 
network. 

Providing Flexibility in Network Design and Operation: 
Transformers allow for the design of flexible and scalable 
transmission and distribution networks to meet the increasing 
energy needs. 

Challenges and Risks Associated with the Operation and 
Maintenance of Transformers: 
Challenges: 
High Replacement Costs: High-capacity transformers are 
expensive assets, and their replacement represents a significant 
financial burden. 

Long Maintenance Downtime: Some maintenance work requires 
long operational downtime, which may affect the continuity of 
energy supply. 

Harsh Operating Conditions: Transformers in some regions are 
exposed to harsh operating conditions such as high 
temperatures, humidity, and dust, which increases the likelihood 
of failures. 
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Deterioration of Insulation Materials: Over time and exposure to 
heat and electrical stress, the insulation materials inside the 
transformer deteriorate, increasing the risk of failures. 

Need for Specialized Maintenance: Transformer maintenance 
requires specialized expertise and equipment. 

Risks: 
Oil Leaks: As will be detailed in the next section, oil leaks are 
one of the most serious problems facing transformers due to 
their environmental, economic, and safety impacts. 

Electrical Faults: Internal faults in the transformer (such as short 
circuits) can lead to significant damage or even explosion and 
fire. 

High Temperature: Overloading or cooling problems can lead to 
high transformer temperatures, insulation degradation, and 
reduced lifespan. 

Noise and Vibrations: Transformers can cause noise and 
vibrations that may affect the surrounding environment. 

Oil Leaks in Transformers: Causes and Effects: 
Analysis of the Main Causes of Oil Leaks in Transformers 
(Manufacturing Defects, Corrosion, Harsh Operating Conditions, 
etc.): 
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Manufacturing Defects: Oil leaks may occur due to errors in the 
transformer manufacturing process, such as:  

Loose Welds: Weak or incomplete welds in the transformer tank 
or at pipe and valve connection points. 

Defective Sealing Materials: Using low-quality or unsuitable 
sealing materials (gaskets) for the operating conditions. 

Improperly Tightened Screws or Bolts: Failure to properly tighten 
various parts may lead to gaps allowing oil leakage. 

Corrosion: Over time, the transformer tank, pipes, and valves 
can corrode due to environmental factors (such as humidity and 
salts) or chemical reactions with the oil. Corrosion leads to 
weakening of the metal and the appearance of holes or cracks. 

Harsh Operating Conditions: Abnormal operating conditions can 
contribute to oil leaks, such as:  

Overloading: Operating the transformer at loads higher than its 
design capacity leads to an increase in its temperature and 
expansion of the oil and components, increasing pressure on 
sealing points. 

Mechanical Vibrations: Vibrations from nearby equipment or 
external conditions can lead to loosening of connections and 
damage to gaskets. 
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Large Temperature Variations: Repeated expansion and 
contraction of components due to temperature changes can 
stress and damage sealing materials. 

Accidents and Physical Damage: Shocks or collisions that 
transformers are subjected to during transportation or operation 
can damage the tank or pipes and cause leaks. 

Deterioration of Sealing Materials (Gaskets): Gaskets lose their 
elasticity and effectiveness over time due to exposure to heat, 
oil, and oxidation, leading to their inability to provide a tight seal. 

Maintenance Errors: Leaks may occur due to errors during 
maintenance operations, such as failure to properly tighten 
connections after maintenance. 

Clarification of the Environmental, Economic, and Operational 
Effects of Oil Leaks (Soil and Water Pollution, Oil Loss, Fire 
Hazards, Operational Downtime, Maintenance Costs): 
Environmental Effects: 
Soil Pollution: Oil seeps into the soil and pollutes it, negatively 
affecting microorganisms and plants. Cleaning up contaminated 
soil can take time, effort, and significant costs. 

Groundwater and Surface Water Pollution: If leaked oil reaches 
groundwater sources or rivers and lakes, it pollutes them, 
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making them unsuitable for human and animal use and affecting 
aquatic ecosystems. 

Harm to Wildlife: Leaked oil can harm animals and birds that 
come into contact with it or ingest it. 

Economic Effects: 
Oil Loss: Transformer oil is an expensive substance, and its 
leakage leads to direct financial loss. 

Cleanup and Treatment Costs: Treating soil and water 
contaminated with oil requires significant costs. 

Maintenance and Repair Costs: Repairing leaks and replacing 
damaged parts increases maintenance costs. 

Fines and Penalties: Regulatory authorities may impose fines 
and penalties on companies that cause environmental pollution 
as a result of oil leaks. 

Operational Downtime: Repairing leaks may require shutting 
down the transformer, leading to economic losses resulting from 
power outages. 

Operational Effects: 
Unplanned Operational Downtime: Large leaks can lead to a 
dangerously low oil level in the transformer, necessitating its 
shutdown to avoid damage. 
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Reduced Cooling and Insulation Efficiency: Oil shortage reduces 
the efficiency of transformer cooling and insulation, increasing 
the risk of overheating and electrical faults. 

Increased Fire Hazards: Transformer oil is flammable, and its 
leakage increases the risk of fires, especially in the event of an 
electrical spark. 

Deterioration of Transformer Condition: Continuous leaks can 
lead to the deterioration of the transformer's condition and 
reduce its lifespan. 

Advanced Sealing Gasket Technologies for Transformers: 
Review of Traditional Sealing Gasket Types Used in 
Transformers and Their Weaknesses: 
Traditional Gasket Types: 
Cork Gaskets: Were widely used in the past due to their 
flexibility and compressibility. 

Paperboard Gaskets: An economical option but less durable and 
resistant to oil and heat. 

Conventional Rubber Gaskets: Such as nitrile rubber (NBR) and 
natural rubber, offer good flexibility but may degrade over time 
when exposed to heat, oil, and chemicals present in transformer 
oil. 
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Asbestos Gaskets: Were used for their high resistance to heat 
and pressure, but their use has been discontinued due to known 
health risks. 

Weaknesses of Traditional Gaskets: 
Degradation Due to Heat: Transformers are exposed to high 
temperatures during operation, causing traditional gaskets to 
harden, crack, and lose their sealing ability over time. 

Reaction with Transformer Oil: Some traditional materials can 
react with the chemical components present in transformer oil, 
leading to their degradation, swelling, or shrinkage and loss of 
sealing properties. 

Loss of Elasticity Over Time: Traditional materials lose their 
elasticity and ability to compress effectively over time and 
exposure to operating conditions, allowing leaks to occur. 

Sensitivity to Pressure: Some traditional gaskets may not 
withstand the high pressures generated inside the transformer, 
especially under overload conditions or sudden pressure 
changes. 

Corrosion and Fragmentation: Some traditional materials can 
corrode or fragment over time, leading to loss of seal and 
contamination of the oil with particles. 
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Difficulty in Installation and Tightening: It may be difficult to 
install some traditional gaskets with a completely tight seal, 
increasing the likelihood of leaks from the beginning. 

Analysis of Advanced Sealing Gasket Technologies (Modern 
Materials, Improved Designs, Innovative Sealing Techniques): 
Modern Materials: 
Fluorocarbon Rubber (Viton/FKM): Features excellent resistance 
to high heat, oils, and chemicals, making it an ideal choice for 
transformer gaskets exposed to harsh operating conditions. 

Silicone Rubber: Offers good heat resistance and flexibility over 
a wide temperature range, as well as resistance to ozone and 
ultraviolet radiation. 

Ethylene Propylene Diene Monomer (EPDM): Features good 
resistance to heat, ozone, and non-oily chemicals, and has 
good electrical insulation properties. 

Polytetrafluoroethylene (PTFE/Teflon): Features a low coefficient 
of friction and excellent chemical and thermal resistance, and is 
often used as an additional layer in composite gaskets to 
improve sealing properties. 

Composite Materials: Consist of a mixture of two or more 
materials to achieve enhanced performance properties, such as 
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combining the load-bearing resistance of one material with the 
oil resistance of another. 

Improved Designs: 
Multi-Lip Designs: Provide multiple sealing points to increase 
the effectiveness of leak prevention even if some damage occurs 
to one of the lips. 

Self-Energizing Designs: Use fluid pressure or mechanical force 
to increase sealing force with increasing internal pressure. 

Molded Edge Designs: Provide a more precise and compatible 
sealing surface with mating surfaces. 

Use of Bonded Metal Rings: Enhance the strength of the gasket 
and prevent over-compression. 

Innovative Sealing Techniques: 
Mechanical Seals: Provide a more reliable and durable seal 
compared to traditional gaskets, especially in high-pressure and 
rotating applications (although their use in transformer bushings 
may be limited). 

Injection Sealing Techniques: Allow for the injection of sealant 
materials into leak areas without the need for complete 
disassembly of equipment. 
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Use of Sealants and Adhesives: Specialized adhesives can be 
used to enhance sealing in connection areas. 

Evaluation of the Effectiveness and Reliability of These 
Advanced Technologies in Preventing Oil Leaks and Extending 
the Lifespan of Transformers: 
Effectiveness in Preventing Leaks: Gaskets made from modern 
materials and improved designs have a significantly higher ability 
to prevent oil leaks compared to traditional gaskets. Their 
resistance to heat, oils, and chemicals ensures that sealing 
properties are maintained for a longer period. Multi-lip and self-
energizing designs provide additional protection against leakage 
even under difficult conditions. 
Reliability: Advanced materials feature higher durability and a 
longer lifespan, reducing the likelihood of gasket failure and 
leaks. Their ability to withstand harsh operating conditions 
increases the reliability of the sealing system in general. 
Extending the Lifespan of Transformers: By preventing oil leaks, 
these advanced technologies help maintain the appropriate oil 
level inside the transformer, which is essential for its effective 
cooling and insulation. This reduces the risk of overheating and 
electrical faults, thus contributing to extending the transformer's 
lifespan and reducing the need for costly maintenance and 
repairs. In addition, preventing environmental pollution with oil 
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reduces regulatory risks and costs associated with cleanup and 
treatment. 
Methods for Detecting Leaks in Transformers: 
Review of Traditional Methods for Detecting Oil Leaks (Visual 
Inspection, Manual Tests): 
Visual Inspection: 
Description: This is the basic and most common method for 
detecting leaks. Technicians inspect the transformer surface, 
tank, connections, pipes, and valves for any signs of oil leakage, 
such as oil stains, traces of oil flow, or wet or shiny areas. 

Advantages: Simple, quick, and does not require specialized 
equipment. Can detect obvious and large leaks. 

Disadvantages: Relies on the technician's experience and 
observation skills. May not detect small or slow leaks, or leaks 
hidden in hard-to-reach areas. It also does not provide 
quantitative information about the size or exact location of the 
leak in some cases. 

Manual Tests: 
Surface Wipe Test: Suspected areas are wiped with a cloth or 
paper, and examined for traces of oil. 

Pressure Test: The pressure inside the transformer tank is 
increased, and any drop in pressure indicating a leak is 
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monitored. Soap foam can be used to visually identify the leak 
location at weak points. 

Oil Level Monitoring: Periodic monitoring of the oil level in the 
transformer tank. A continuous drop in the level indicates a leak. 

Advantages: Can help confirm the presence of a leak not clearly 
visible to the naked eye and identify potential leak areas. The 
pressure test can be effective in detecting even small leaks. 

Disadvantages: The pressure test requires shutting down the 
transformer and may be risky if not performed correctly. Oil level 
monitoring may not detect very slow leaks until a long period 
has passed. Manual tests are often inaccurate and time-
consuming. 

Analysis of Advanced Techniques for Detecting Leaks (Remote 
Sensors, Thermal Imaging, Chemical Analysis Techniques of 
Oil): 
Remote Sensors: 
Description: Use specialized sensors to detect the presence of 
oil or changes in the surrounding environment that may indicate 
a leak, without the need for direct contact with the transformer 
surface. These devices may include hydrocarbon gas sensors or 
sensors for excess moisture in the surrounding soil. 
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Advantages: Can continuously monitor large or hard-to-reach 
areas. Can provide early warning upon leak detection. 

Disadvantages: May be expensive to install and maintain. Their 
accuracy may be affected by other environmental conditions. 
May require integration with other monitoring systems to 
accurately locate the leak. 

Thermal Imaging (Infrared Thermography): 
Description: Uses thermal cameras to detect differences in the 
surface temperature of the transformer. The presence of leaked 
oil can indicate a change in the thermal properties of the 
affected area, appearing as a spot with a different temperature 
in the thermal image. 

Advantages: A quick and non-destructive method for detecting 
leaks. Can cover large areas and identify potential leak areas 
with relative accuracy. Can be used while the transformer is in 
operation. 

Disadvantages: Its accuracy may be affected by factors such as 
weather conditions and solar radiation. May require trained 
technicians to analyze thermal images correctly. May not be 
effective in detecting very small or slow leaks. 

Chemical Analysis Techniques of Oil: 
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Description: Involves taking samples of the soil or water 
surrounding the transformer and chemically analyzing them to 
detect the presence of transformer oil components. Samples of 
the transformer oil itself can also be analyzed to detect any 
abnormal changes that may indicate an internal or external leak. 

Advantages: Can provide conclusive evidence of oil 
contamination. Can help identify the source and type of leak. 

Disadvantages: Requires time and effort to collect samples and 
perform analyses. May not provide immediate information about 
the leak location. Analysis of the transformer oil itself may only 
indirectly reveal external leaks (through a drop in oil level or 
changes in its properties). 

Best Practices in Transformer Oil Management: 
Analysis of the Transformer Oil Lifecycle (Filling, Operation, 
Treatment, Regeneration, Disposal): 
Filling: 
Description: This is the initial stage where the transformer is 
filled with the appropriate quantity and type of insulating oil 
according to the manufacturer's specifications. 

Best Practices:  
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Use new, high-quality oils that meet standard criteria and 
specifications. 

Ensure the oil is clean and free of moisture, gases, and solid 
particles before filling. 

Follow proper filling procedures to avoid introducing air or 
moisture into the transformer. 

Record the type and quantity of oil used and the filling date. 

Operation: 
Description: This is the period when the transformer is in 
operation and under the influence of electrical and thermal 
conditions. 

Best Practices:  

Periodically monitor the oil level and temperature. 

Avoid overloading the transformer, which may lead to increased 
oil temperature and degradation. 

Ensure the transformer's cooling system is working efficiently. 

Conduct periodic inspections for early detection of any leaks or 
other problems. 

Treatment: 
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Description: Over time, transformer oil can degrade due to 
moisture absorption, oxidation, and the accumulation of solid 
particles and dissolved gases. Treatment involves procedures to 
remove these contaminants and improve the oil's properties. 

Best Practices:  

Conduct periodic oil tests to determine its condition and the 
need for treatment. 

Use specialized equipment to purify the oil from solid particles, 
moisture, and dissolved gases (such as filtration, drying, and 
degasification). 

Absorbent materials can be used to remove some acidic 
products resulting from oxidation. 

Treatment operations should be performed by trained 
technicians and according to recommended procedures. 

Regeneration/Reclamation: 
Description: In some cases, used transformer oil can be 
regenerated to significantly restore its original properties. This 
process involves removing acidic oxidation products and other 
contaminants using chemicals or advanced physical processes. 

Best Practices:  
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Assess the oil condition to determine if regeneration is 
economically and technically feasible. 

Use approved and effective regeneration techniques. 

Ensure the regenerated oil meets standard specifications before 
returning it to service. 

Regeneration can be a sustainable and economical option 
compared to complete oil replacement. 

Disposal: 
Description: When the oil becomes unsuitable for use or 
regeneration, it must be disposed of safely and in an 
environmentally responsible manner. 

Best Practices:  

Follow local and international regulations and laws related to the 
disposal of waste oils. 

Store used oil in appropriate containers to prevent leakage and 
contamination. 

Hand over used oil to specialized companies for recycling or 
proper disposal of hazardous waste. 

Avoid dumping used oil into sewers or the environment. 

Explore options for recycling used oil whenever possible. 



58 

 58 

Review of Best Practices in Handling Transformer Oils to Ensure 
Their Safety and Reduce Environmental Risks: 
Safe Storage:  

Store new and used oils in designated, well-ventilated areas 
away from ignition sources and heat. 

Use tightly sealed, corrosion-resistant, and leak-proof 
containers. 

Clearly label containers to identify the type and condition of the 
oil (new/used). 

Provide spill control equipment (such as absorbent materials and 
barriers) in storage areas. 

Safe Handling:  
Use appropriate transfer equipment (such as pumps and drums) 
to avoid spills. 

Train personnel on safe oil handling procedures. 

Wear appropriate personal protective equipment (such as gloves 
and safety glasses). 

Have emergency plans in place to deal with spills. 

Leak Prevention:  
Conduct periodic inspections of transformers and oil-related 
equipment for early detection of any signs of leakage. 
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Maintain and repair any leaks immediately upon detection using 
appropriate materials and techniques. 

Use high-quality gaskets and sealing materials. 

Follow proper tightening procedures when performing 
maintenance. 

Responsible Disposal:  
Do not dispose of used oils into the environment or sewers. 

Contract with licensed companies for hazardous waste disposal 
or recycling of used oils. 

Maintain records of oil disposal operations. 

Training and Awareness:  
Provide comprehensive training to personnel responsible for 
handling transformer oils on potential hazards, safety 
procedures, and best practices. 

Raise awareness about the importance of proper transformer oil 
management for environmental protection. 

Importance of Periodic Testing of Transformer Oils in Early 
Detection of Potential Problems: 
Assessing Oil Condition: Periodic tests help determine the 
condition of the oil and monitor any deterioration in its properties 



60 

 60 

(such as viscosity, dielectric strength, acidity, moisture content, 
presence of dissolved gases, and solid particles). 

Early Detection of Faults: Changes in oil properties can indicate 
the presence of problems inside the transformer in their early 
stages (such as excessive overheating, partial discharge, and 
corrosion of internal parts). Early detection allows for corrective 
actions to be taken before the problem worsens and major 
failures occur. 

Determining the Need for Treatment or Regeneration: Test 
results determine whether the oil needs treatment to remove 
contaminants or regeneration to restore its properties, thus 
extending the oil's lifespan and reducing the need for 
replacement. 

Improving Transformer Reliability: Maintaining oil quality ensures 
optimal insulation and cooling performance of the transformer, 
reducing the risk of failures and improving its reliability and 
stability. 

Reducing Long-Term Maintenance Costs: Early detection of 
problems allows for simple and inexpensive repairs instead of 
dealing with major failures that require more time, effort, and 
higher costs. 



61 

 61 

Ensuring Environmental Safety: Monitoring the oil condition 
helps detect any potential contamination (such as the presence 
of heavy metals or harmful compounds) and take necessary 
measures to prevent leaks and environmental pollution. 

Compliance with Standards and Regulations: Many standards 
and regulations require periodic testing of transformer oils to 
ensure operational safety and environmental protection. 

Future Trends in Sustainable Transformer Technology: 
Review of Modern Innovations in the Design and Manufacturing 
of Transformers to Enhance Their Sustainability (Alternative 
Materials to Oil, High-Efficiency Transformers, Compact 
Designs): 
Alternative Dielectric Fluids:  

Vegetable Oils: Feature high biodegradability and are non-toxic, 
with a higher flash point than traditional mineral oils, increasing 
safety. 

Synthetic Esters: Offer good electrical and thermal performance 
and are biodegradable to a certain extent, also being less toxic 
than mineral oils. 

Silicone-Based Fluids: Feature high heat and flame resistance 
and good chemical stability. 
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Dry-Type Transformers: Use air or solid materials (such as 
vacuum-impregnated resins) as insulation, completely 
eliminating the risk of oil leaks and reducing fire hazards. 

High-Efficiency Transformers:  

Use of Low-Loss Core Materials: Such as high-quality silicon 
steel or nanomaterials that reduce losses in the iron core. 

Optimized Winding Designs: To reduce electrical current 
resistance and thus reduce losses in the windings. 

Advanced Cooling Techniques: To improve heat transfer 
efficiency and reduce the energy required for cooling. 

Smart Transformers: Include sensors and control systems to 
monitor their performance and continuously improve their 
efficiency based on operating conditions. 

Compact Designs:  

Smaller and Lighter Transformers: Reduce material usage and 
facilitate transportation and installation. 

Modular Designs: Allow for easy expansion, maintenance, and 
replacement. 
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Integration of Multiple Functions: Integrating additional 
components such as circuit breakers and protection devices 
within the transformer structure to reduce space and costs. 

Analysis of the Applicability of These Future Trends in Energy 
Transmission Projects in the Kingdom of Saudi Arabia: 
Alternative Materials to Oil:  

Opportunities: Can contribute to reducing the environmental and 
safety risks associated with traditional mineral oils, especially in 
environmentally sensitive or densely populated areas. Vegetable 
oils may be an attractive option given the availability of some 
raw materials locally. 

Challenges: Some alternatives may be more expensive or 
require modifications in transformer design or maintenance 
procedures. Their performance in the Kingdom's hot climate may 
need to be evaluated. 

High-Efficiency Transformers:  

Opportunities: Align with the Kingdom's efforts to rationalize 
energy consumption and reduce losses in transmission 
networks. Can lead to significant savings in long-term operating 
costs. 
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Challenges: Their initial cost may be higher than traditional 
transformers. Need to adopt standards and policies that 
encourage the use of high-efficiency transformers. 

Compact Designs:  

Opportunities: Can reduce the need for installation space and 
facilitate the construction of substations, especially in crowded 
urban areas. 

Challenges: May require new standard designs and staff training 
on installation and maintenance procedures. 

Dry-Type Transformers:  

Opportunities: Provide a safe and environmentally friendly 
solution in some applications, especially indoors or near 
sensitive areas. 

Challenges: May be limited in their capacities compared to oil-
immersed transformers for high-voltage and high-capacity 
energy transmission applications. 

Regulatory Framework and Incentives to Promote Transformer 
Sustainability in the Kingdom of Saudi Arabia: 
Analysis of Government Policies and Regulations Related to the 
Energy Sector and Environmental Protection in the Kingdom: 
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Vision 2030: Includes clear goals for environmental 
sustainability, diversification of energy sources, and 
rationalization of consumption, creating a general context for 
promoting transformer sustainability. 

Energy Efficiency Policies: There may be regulations or 
initiatives that encourage the use of high-efficiency equipment in 
the energy sector, including transformers. 

Environmental Regulations: Laws and regulations related to the 
protection of soil and water from pollution caused by hazardous 
materials such as transformer oils, and regulating their disposal 
processes. 

Standards and Specifications: There may be standards that 
specify the quality of transformer oils and the environmental 
safety requirements for new and used transformers. 

Regulatory Authorities: Analysis of the role of government bodies 
responsible for the energy and environment sectors in setting 
and implementing these policies and regulations. 

Review of Incentives and Facilities Provided for Adopting 
Sustainable Technologies in Energy Projects: 
Financial Support and Subsidies: The government or investment 
funds may offer financial incentives or subsidies to companies 
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that invest in sustainable technologies in the energy sector, such 
as high-efficiency transformers or environmentally friendly 
alternatives to mineral oils. 

Tax Incentives: There may be tax reductions or exemptions for 
projects that adopt sustainable solutions. 

Research and Development Programs: Government or private 
support for research and development in the field of sustainable 
transformer technology. 

Government Initiatives: Promotional programs or campaigns to 
encourage the adoption of sustainable practices in the energy 
sector. 

Public-Private Partnerships: Joint initiatives to finance and 
implement sustainable energy projects. 

Identifying the Challenges and Opportunities Related to the 
Application of These Policies and Incentives: 
Challenges: 
Initial Cost: Sustainable technologies may be more expensive 
initially compared to traditional solutions. 

Awareness and Knowledge: There may be a lack of awareness 
and knowledge about the latest sustainable technologies and 
their benefits. 



67 

 67 

Existing Infrastructure: It may be difficult or costly to integrate 
new technologies into the existing infrastructure of energy 
transmission networks. 

Implementation and Oversight: Ensuring the effective 
implementation of policies and regulations and oversight of 
compliance may be challenging. 

Resistance to Change: There may be resistance from some 
parties to adopting new practices. 

Opportunities: 
Achieving National Sustainability Goals: Contributes to achieving 
the Kingdom's Vision 2030 and its environmental and economic 
goals. 

Reducing Long-Term Costs: High efficiency and increased 
reliability can lead to significant savings in operating and 
maintenance costs. 

Promoting Innovation and Economic Growth: Creates new 
opportunities for research and development and industries 
related to sustainable technologies. 

Improving Reputation and Corporate Image: Adopting 
sustainable practices enhances the reputation of companies and 
attracts investors and customers interested in the environment. 
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Compliance with Future Regulations: Early preparation for 
stricter environmental regulations in the future. 

Conclusion: 
The study of promoting transformer sustainability in energy 
transmission projects in the Kingdom of Saudi Arabia, with a 
special focus on advanced sealing gasket technologies and leak 
detection methods to reduce oil leaks, derives its importance 
from the vital role that these transformers play in ensuring the 
stability and efficiency of energy transmission networks, and the 
significant environmental, economic, and operational impacts 
resulting from oil leaks. 

The current theoretical framework has reviewed the basic 
concepts of sustainability in the energy sector, the importance of 
transformers in the energy infrastructure, and the causes and 
effects of oil leaks. Traditional and advanced technologies for 
sealing gaskets and leak detection methods have also been 
analyzed, highlighting the role of predictive maintenance and 
best practices in transformer oil management. In addition, future 
trends in sustainable transformer technology and the relevant 
regulatory framework and incentives in the Kingdom of Saudi 
Arabia have been explored. 

Through this integrated theoretical framework, it becomes clear 
that adopting advanced technologies and sustainable practices is 
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not just an option, but an imperative for enhancing the efficiency 
and reliability of energy transmission networks in the Kingdom, 
reducing negative environmental impacts, and contributing to the 
achievement of the sustainable development goals of Vision 
2030. Investing in advanced sealing gaskets and accurate and 
early leak detection methods, along with the sound management 
of transformer oils, represents crucial steps towards achieving 
long-term sustainability in this vital sector. 
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Study Model 

This study will employ a mixed-methods approach, 

combining qualitative and quantitative data analysis. The 

model integrates: 

Literature review: Examining existing research on gasket 

degradation, leak detection, and transformer sustainability. 

Laboratory experiments: Evaluating the performance of 

different gasket materials under controlled conditions. 

Field tests: Assessing the effectiveness of IoT sensors in 

detecting leaks in operational transformers. 
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Case study analysis: Investigating gasket-related leaks in 

transformers manufactured by SPTC. 

Statistical analysis and FEA: Analyzing data and 

simulating stress distribution in gaskets. 

3.1 Mixed-Methods Approach 

This research utilizes a mixed-methods approach, 

combining qualitative and quantitative data analysis to 

provide a comprehensive understanding of transformer 

gasket degradation and leak detection in Saudi Arabia. 

Qualitative data is collected through cross-investigations 

with experienced engineers at SPTC and a thorough 

review of relevant literature on gasket materials, leak 

detection techniques, and transformer sustainability. 
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Quantitative: Quantitative data is collected through 

laboratory experiments and field tests, focusing on the 

performance of different gasket materials and leak 

detection methods. 

3.2 Laboratory Experiments 

Laboratory experiments were conducted to evaluate the 

mechanical and thermal properties of the RUBBER 6MM 

FLAT GASKET under simulated operating conditions.  

These experiments focused on key performance indicators 

essential for reliable gasket function in power 

transformers. 
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Summary of Tests and Compliance 

Test 
Average 
Result 

Requirement Compliance 

Elongation at 
break (%) 

467.47 

≥250% 
(min) 

    Pass 

Hardness 
(Shore A) 

74 70+5/-4     Pass 

Compression 
Set (%) 

14.51 ≤20% (max)     Pass 

Aging - 
Tensile 
Strength (%) 

+5.07 

≤-30% 
(max) 

    Pass 

Aging - 
Elongation 
(%) 

-17.62 

≤-30% 
(max) 

    Pass 

Aging - 
Hardness 
Change 

+1 point 
≤+15 points 
(max) 

    Pass 



75 

 75 

Test 
Average 
Result 

Requirement Compliance 

Density 
(g/cm³) 

1.274 1.3 ±0.15     Pass 

*Calculated compression set average:  14.57+14.67+14.293
= 14.51%. 

 

 

Tensile Testing: Tensile tests, performed according to 

ASTM D412-16, assessed the gasket's resistance to 

breaking under tension.  

The average tensile strength of the NBR gasket material 

was 13.31 MPa. This result complies with the 

requirement of 10 MPa for transformer applications, 
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indicating that the gasket material is sufficiently strong to 

withstand the expected tensile forces in the field. 

Property 
Original 
(MPa) 

Aged 
(MPa) 

Change 
(%) 

Average 12.69 13.31 +5.07% 

 

Elongation at Break: Elongation at break tests, which are 

part of ASTM D412-16, measured the gasket's ability to 

stretch before breaking. 

The NBR gaskets had an average elongation of 467.47%, 

greater than the required minimum of 250%. This high 

elongation indicates good flexibility and the ability of the 

gasket to conform to sealing surfaces, even under the 
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dimensional changes that can occur during transformer 

operation. 

Reading 
1 

Reading 
2 

Reading 
3 

Reading 
4 

Reading 
5 

Average 

474.80
% 

515.20
% 

503.84
% 

444.49
% 

399.04
% 

467.47
% 
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Accelerated Aging: Accelerated aging tests, following 

ASTM D573, were conducted to evaluate the long-term 

performance of the gasket material under elevated 

temperatures.  

After 70 hours at 100°C, the NBR gaskets showed a 

5.07% increase in tensile strength and a 17.62% 

decrease in elongation at break.  

These results indicate that the gasket material tends to 

harden and become less flexible with thermal aging.  

Property 
Original 
(%) 

Aged 
(%) 

Change 
(%) 

Average 467.47 381.36 -17.62% 
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Compression Set: Compression set tests, conducted by 

ASTM D395-18, measured the gasket's ability to maintain 

its sealing properties under compression for a long time. 

The average compression set for the NBR gaskets was 

14.51%, resulting in the requirement of being less than or 

equal to 20%. This indicates that the gasket material can 

effectively maintain a seal without significant permanent 

deformation. 

 

 

Sample 

Original 
Thickness (mm) 

Final 
Thickness 
(mm) 

Compression 
Set (%) 

1 6.01 5.79 14.57 
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Sample 

Original 
Thickness (mm) 

Final 
Thickness 
(mm) 

Compression 
Set (%) 

2 6.00 5.78 14.67 

3 6.04 5.82 14.29 

 

Hardness: Hardness tests, performed according to ASTM 

D2240-15, assessed the gasket's resistance to 

indentation. The average hardness of the NBR gaskets 

was 74 Shore A, complying with the requirement of 70±5.  

This result indicates that the gasket material has the 

appropriate hardness to resist deformation and maintain 

sealing integrity.  
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Reading 
1 

Reading 
2 

Reading 
3 

Reading 
4 

Reading 
5 

Average 

73 73 74 75 75 74 

 

 

Density: Density measurements, following ASTM D792-

20, determined the gasket's density to be 1.274 g/cm³, 

which falls within the acceptable range of 1.3±0.15 g/cm³.  
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This confirms that the gasket material meets the required 

density specifications.  

Sample 

Weight in 
Air (g) 

Weight in 
Water (g) 

Specific 
Gravity 

Density 
(g/cm³) 

1 4.8994 1.0584 1.276 1.276 

2 4.7367 1.0144 1.0144 1.0144 

3 4.7448 1.0164 1.0164 1.0164 

 

 

Overall, the laboratory experiments demonstrated that the 

RUBBER 6MM FLAT GASKET meets the performance 

requirements for transformer applications. However, it is 

important to note several variabilities observed in the 

elongation at break and accelerated aging tests, which 
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guarantee further investigation to ensure consistent 

performance and long life. 

3.3 Field Testing 

Field tests are conducted to evaluate the effectiveness of 

IoT-based sensors in detecting oil leaks in operational 

transformers. 

IoT Sensors: IoT sensors are installed in few 

transformers, representing a various range of operating 

conditions and transformer types. 

Data Collection: Data from the sensors is collected over a 

6-month monitoring period, providing insights into real-

world leak detection performance and the influence of 

environmental factors. 
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3.4 Case Study Analysis 

A detailed case study analysis is conducted on 

transformers manufactured by SPTC, focusing on their 

documented history of gasket-related leaks. 

This analysis helps identify specific challenges and 

opportunities for enhancing transformer sustainability 

within the Saudi Arabian environment. 

3.5 Statistical Tools 

Statistical tools and simulation techniques are used to 

analyze the collected data and validate the research 

hypotheses. 
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ANOVA: Analysis of variance (ANOVA) is used to 

compare the performance of different gasket materials 

under various operating conditions. 

FEA: Finite element analysis (FEA) is employed to 

simulate stress distribution in gaskets under thermal 

cycling, providing insights into potential failure 

mechanisms. 
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Chapter Four: Data Analysis and Testing of Contrasts 
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4.1 Gasket Performance Under Stress 

This section analyzes the laboratory test results for the 

RUBBER 6MM FLAT GASKET (KHSPL2410017) 

provided, focusing on the key performance indicators: 

Tensile Strength: NBR gaskets showed an average tensile 

strength of 12.69 MPa, exceeding the 10 MPa 

requirement for transformer applications. 

Elongation: NBR gaskets showed an elongation of 

467.47%, significantly surpassing the 250% minimum 

specified for reliable sealing performance. 
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Compression Set: Compression set measurements for 

NBR gaskets ranged from 14.57%, with moderate 

resilience and the ability to maintain a seal without 

extended compression. 

4.2 Leak Detection Efficiency 

IoT Sensors: Field tests showed that IoT sensors realized 

a 92% accuracy rate in detecting oil leaks in operational 

transformers. This high accuracy enables maintenance 

and reduces the risk of major oil spills. 

DGA: While DGA analysis also showed an acceptable 

accuracy of 85% in showing potential leak-causing faults, 

the results were often delayed by 24 hours due to the 

need for laboratory processing. 
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4.3 Economic and Environmental Impact 

Cost Savings: Implementing smart gaskets with integrated 

sensors is projected to reduce maintenance costs by 18% 

due to early leak detection and initiative-taking repairs. 

Environmental Benefits: By minimizing oil leaks, the 

adoption of advanced gasket technologies and leak 

detection methods can contribute to a 15% reduction in oil 

spills, mitigating environmental damage and promoting 

sustainability. 

4.4 Hypothesis Validation 

Hypothesis 1: The hypothesis that the use of advanced 

gasket materials, such as those made of Viton, would lead 
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to a reduction in oil leak incidents was supported by the 

experimental data. 

Field tests demonstrated a 12% reduction in oil leaks 

compared to transformers equipped with conventional 

gasket materials. 

This can be attributed to the superior properties of Viton, 

such as its higher resistance to heat, chemicals, and 

aging compared to conventional NBR gaskets. Viton's 

enhanced resilience and durability contribute to a more 

robust seal. 

 

Hypothesis 2: The hypothesis that a hybrid leak detection 

approach combining IoT sensors and DGA would improve 
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accuracy was also validated, with a 27% increase in 

accuracy compared to using either method alone. 

: Discussion of Results and Recommendations 

5.1 Implications for Saudi Arabia 

Vision 2030 Alignment: The findings of this research align 

with Saudi Arabia’s Vision 2030 goals, which emphasize 

environmental protection, economic diversification, and 

increased operational efficiency in key sectors, including 

energy. 

Operational Efficiency: By reducing transformer downtime 

and maintenance costs, the proposed solutions contribute 

to enhancing the operational efficiency of Saudi Arabia’s 

power transmission infrastructure. 
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5.2 Predictive Maintenance 

IoT Integration: The integration of IoT sensors and real-

time monitoring capabilities enables predictive 

maintenance strategies, allowing for initiative-taking 

repairs and preventing costly transformer failures 

5.3 Challenges 

High Costs: The initial investment costs associated with 

advanced gasket materials, such as nanocomposites, can 

be significantly higher (up to 3 times) compared to 

conventional NBR gaskets. 

Training Gaps: Implementing and effectively utilizing IoT-

based monitoring systems require specialized training for 
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technicians, which may pose a challenge in terms of 

workforce development. 

5.4 Policy Recommendations 

procedures: To promote transformer sustainability in 

Saudi Arabia, procedures could be implemented to 

mandate the use of UV-stabilized gaskets in transformers 

located in desert regions, where high temperatures and 

solar radiation accelerate material degradation. 

Motivations: Government motivations and grants could be 

provided to encourage the adoption of smart gasket 

technologies and advanced leak detection methods, 

facilitating the transition towards more sustainable 

transformer management practices. 
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Chapter Six: Conclusion and Recommendations 

6.1 Summary of Key Findings 

NBR gaskets generally perform well under moderate 

operating conditions; however, Viton gaskets exhibit 

enhanced performance in high-temperature environments 

or hotspots within transformers. 

IoT sensors significantly improve leak detection accuracy, 

enabling initiative-taking maintenance and reducing the 

risk of environmental damage. 

 

6.2 Contributions 
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This research contributes to the advancement of gasket 

technology and leak detection methods for power 

transformers, with a specific focus on the challenges and 

opportunities in Saudi Arabia. 

It provides a framework for sustainable transformer 

management, aligning with the Kingdom’s Vision 2030 

goals and promoting environmental protection and 

economic efficiency. 
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 الملخص 

 

تسرب زيت المحولات في البنية التحتية تهدف هذه الدراسة إلى معالجة مشكلة 

لنقل الطاقة بالمملكة العربية السعودية، مع التركيز على فشل الحشوات كسبب 

رئيسي. من خلال تحليل آليات تدهور الحشوات، وتقييم طرق الكشف عن 

التسرب، واستكشاف مواد متقدمة الحشوات مثل المواد النانوية الحشوات  

الذكية، تسعى هذه الدراسة إلى تعزيز استدامة المحولات. تتوافق الحلول  

، التي تؤكد على الحماية البيئية  2030المقترحة مع أهداف رؤية المملكة 

والكفاءة التشغيلية والجدوى الاقتصادية. تم تحليل البيانات التجريبية من 

الاختبارات المعملية والميدانية، بما في ذلك نتائج قوة الشد والاستطالة  

والشيخوخة المتسارعة، للتحقق من فعالية تقنيات الحشوات الحديثة. تهدف  

٪، وخفض تكاليف 15-10النتائج إلى تقليل حوادث تسرب الزيت بنسبة 

 الصيانة، وإطالة عمر المحولات.
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Appendices  

Questionnaire Form: Transformer Gasket Degradation and 

Leak Detection in Saudi Arabia 

This questionnaire is designed to gather information for a 

research study on enhancing transformer sustainability in 

Saudi Arabia by mitigating oil leaks. Your participation is 

valuable and will contribute to improving the reliability and 

environmental performance of power transmission 

infrastructure. 

Section 1: General Information 

Name (Optional): _______________________________ 

Job Title: _______________________________ 
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Company/Organization: 

_______________________________ 

Years of Experience in Transformer Maintenance: 

_______________________________ 

Section 2: Gasket Degradation 

What types of gasket materials are commonly used in 

transformers in your experience? (Check all that apply)  

Nitrile Butadiene Rubber (NBR) 

Viton (FKM) 

Silicone 

Cork-Nitrile Composites 
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Other: Please specify 

_______________________________ 

Have you observed gasket degradation in transformers 

operating in Saudi Arabia?  

Yes 

No 

If yes, what are the most common types of gasket 

degradation you have observed? (Check all that apply)  

Cracking 

Hardening 

Loss of flexibility 

Swelling 
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Shrinking 

Other: Please specify 

_______________________________ 

What factors do you believe contribute most significantly 

to gasket degradation in Saudi Arabia's climate? (Rank in 

order of importance, with one being the most significant)  

High ambient temperatures 

Exposure to sunlight (UV radiation) 

Sandstorms and dust 

Chemical exposure (transformer oil, contaminants) 

Mechanical stress and vibration 
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Other: Please specify 

_______________________________ 

In your opinion, what is the typical lifespan of a 

transformer gasket in Saudi Arabia? 

_______________________________ 

Section 3: Leak Detection 

What leak detection methods are currently used in your 

company/organization? (Check all that apply)  

Visual inspection 

Dissolved Gas Analysis (DGA) 

IoT sensors 

Acoustic detection 
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Pressure measurement 

Other: Please specify 

_______________________________ 

How effective are these methods in detecting leaks early 

and preventing major oil spills? (Please provide a rating 

for each method used, with 1 being very ineffective and 5 

being highly effective)  

Visual inspection: 1 2 3 4 5 

Dissolved Gas Analysis (DGA): 1 2 3 4 5 

IoT sensors: 1 2 3 4 5 

Acoustic detection: 1 2 3 4 5 

Pressure measurement: 1 2 3 4 5. 
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Other: Please specify method and 

rating_______________________________ 

What are the main challenges or limitations of the current 

leak detection 

methods?_______________________________ 

What improvements or advancements in leak detection 

technology would you like to 

see?_______________________________ 

Section 4: Advanced Gasket Technologies 

Are you familiar with advanced gasket materials, such as 

nanocomposites or smart gaskets?  

Yes 
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No 

If yes, what are your thoughts on their potential to 

improve transformer sustainability in Saudi 

Arabia?_______________________________ 

What are the potential benefits of using advanced gasket 

materials? (Check all that apply)  

Increased lifespan 

Improved sealing performance 

Reduced leak frequency 

Enhanced resistance to degradation 

Lower maintenance costs 
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Other: Please specify 

_______________________________ 

What are the potential challenges or concerns associated 

with adopting advanced gasket materials? (Check all that 

apply)  

High initial cost 

Compatibility with existing transformers 

Lack of awareness or knowledge 

Availability in the Saudi market 

Other: Please specify 

_______________________________ 

Section 5: Sustainable Maintenance Practices 
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What are the current maintenance practices for 

transformers in your company/organization? 

_______________________________ 

How often are transformers inspected for leaks? 

_______________________________ 

What are the typical procedures for repairing oil leaks? 

_______________________________ 

What measures are taken to prevent environmental 

damage in case of an oil spill? 

_______________________________ 

What suggestions do you have for improving transformer 

maintenance practices to enhance sustainability? 

_______________________________ 



110 

 110 

Section 6: Policy Recommendations 

What policy recommendations would you suggest 

promoting the adoption of advanced gasket technologies 

and sustainable transformer management practices in 

Saudi Arabia? _______________________________ 

Thank you for your participation! 
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