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ABSTRACT

Energy is a problem in Ghana. After many years of trying to fix the energy sector Ghana still has a lot of issues.
The Ghana National Gas Company Limited was started in 2011 to help Ghana use its gas and make electricity
more reliable. Ghana still has problems with electricity going out gas not being available and not having the
right infrastructure.

This project looks at what's causing these energy problems in Ghana National Gas Company Limited. We used
both numbers and words to figure out what was going on. We looked at reports from the government, news
articles and academic papers. We also looked at numbers like how debt the energy sector how much electricity
has not being used and how well the infrastructure is working.

We also talked to people. Looked at what they think about the energy sector. We found out that people are not
happy with the energy situation in Ghana. They think that the government and institutions are not doing a job.
We also found out that there is a lot of corruption and that the government is interfering much in the energy
sector.

Our findings show that the energy problems in Ghana are caused by things. The energy sector owes a lot of
money to people who make electricity and sell gas. The Electricity Company of Ghana is also losing a lot of
money because of commercial problems. We also found out that the infrastructure is not being taken care of and
this is causing a lot of problems.

People in Ghana are very unhappy with the energy situation. They are having problems with their businesses,
healthcare, education and homes because of the energy outages. We think that to fix the energy problems in
Ghana the country needs to modernize its infrastructure fix its debt problems and make its institutions stronger.
Ghana also needs to use renewable energy and be more transparent about what it is doing.
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CHAPTER ONE

INTRODUCTION

1.1 Background of the Study

Energy insecurity has become one of the most significant developmental challenges confronting Ghana in
Africa despite decades of reforms and investment in the Energy sector. Ghana National Gas Company limited
(GNGC), established in 2011, was expected to improve domestic gas utilization and stabilize Electricity
generation through thermal power system. However, Ghana continues to experience recurring electricity
outages, unstable gas supply, infrastructure deficits, financial instability, operational disruptions and governance
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challenges.

This capstone project investigates the factors affecting energy insecurity Ghana National Gas Company Limited
using both qualitative and quantitative evidence. The study adopts a mixed methods approach utilizing
secondary data from government reports, Reuters publications, Scholarly journals, policy papers, Institutional
reports and public discussions. Quantitative evidence analyzed includes energy sector debt levels, electricity
generation deficits, transmission losses, gas supply interruption and infrastructure performance indicators.
Qualitative evidence examines public perception, institutional inefficiencies, government failure, corruption
concerns and operational challenges affecting the energy sector.

The findings reveal that the energy insecurity in Ghana National Gas Company is caused by interconnected
financial, technical, institutional, environmental and infrastructure factors. Quantitative evidence indicates that
Ghana accumulated approximately $2.5billion debt owed to Independence Power Producers and gas suppliers,
while the Electricity Company of Ghana (ECG) reportedly loses approximately 40% of electricity revenue
through technical and commercial loses. The findings also reveal that inadequate infrastructure maintenance,
pipe leakages, delayed project implementation and weak institutional coordination significantly affect energy
supply reliability.

Qualitative evidence further demonstrates that recuring “Dumsor” Dumsor means unstable power! On and off
system and it is a Ghanaian Akan language which described rampant power outage in Ghana. Dumsor power
outages continue to negatively affect businesses, healthcare delivery, education and household warfare. Public
discussion and institutional reviews suggest that corruption, political interference, weak maintenance culture
and long-term planning are major contributors to Ghana’s energy insecurity.

The study concludes that sustainable energy security in Ghana requires infrastructure modernization, debt
restructuring, institutional reforms, renewable energy diversification, improved transparency

In Africa people are still having time to get the energy they need. Even though a lot of money is being spent on
making electricity and building new infrastructure, many countries are still experiencing power outages and
other energy problems.

Sometime ago Ghana had most of its electricity from water dams. The country had two main dams, Akosombo
and Kpong in the volta region of Ghana that produces a lot of electricity. Then the weather started changing and
more people moved to the cities and factories started using more electricity. All these means that Ghana needed
electricity power than the dams could produce. So, Ghana started using gas and oil to generate electricity.
Ghana National Gas Company Limited was started to do things including:

* Reduce the amount of fuel that Ghana buys from other countries
* Make sure that people can always get electricity when they need it

* Help factories and businesses work better

* Make sure Ghana has enough energy
6|Page
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* Help Ghana’s economy grows

* Make electricity cheaper

Even though Ghana National Gas Company Limited started doing all these things Ghana but still having
challenges with the energy center. The gas suppliers are often disrupted, and the plants that generate electricity
must shut down sometimes for repairs and maintenance. Ghana also owes a huge sum of money to the power

produces which limit energy generated to the country.

All these problems show that Ghana’s energy problems are very complicated and involve funds allocation,
modern technology and environment regulations to run the energy sector.

1.2 Statement of the Problem

Despite the establishment of Ghana National Gas Company Limited and significant investments in Natural Gas
(NG) infrastructure, Gana continues to experience unstable electricity supply and recurring power outages. One
of the problems is that the energy system is not making enough money. Ghana owes about $2.5 billion to the
power producers because the system is not functioning well and not enough revenue is being collected.

The Electricity Company of Ghana is losing 40% of its money because:
* Technical losses

* Jllegal Electricity connections

* Metering inaccuracies

* Electricity theft

*Billing Inefficiencies

These losses weaken the ability of Electricity Company of Ghana (ECG) to pay gas suppliers and power
producer, thereby affecting the operational sustainability of Ghana National Gas.

Additionally, Operational shutdown at Atoabo gas processing plant frequently disrupts thermal electricity

generation. Ghana’s gas infrastructure requires continue modernization and maintenance to support increasing
electricity demand.

The energy system in Ghana also has some problems with how it is run
including:

* Corruption

* Political interference
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* Weak accountability system

* Delayed project implementation

* Procurement irregularities

* Poor long-term planning for the future

Public dissatisfaction regarding recurring power outages continues to increase across Ghana. Businesses,
factories, hospitals, schools and homes are all being affected by the inconsistent electricity supply.

Even though some things have been done to fix the problems but still Ghana is having a lot of challenges with

energy sector. So there are a lot of research to be done to figure out what is causing all these problems, with
Ghana National Gas Company Limited.

1.3 The Main Goal of This Study

The main goal of this study is to look at the things that affect energy insecurity in Ghana National Gas
Company Limited and see how they impact the sustainability of electricity supply in Ghana.

1.4 Why This Study is Important

The Main Objective

To find out what things affect energy insecurity in Ghana National Gas Company Limited.

1.5 Questions This Study Will Answer

1. What are the causes of energy insecure in Ghana Gas Company Limited?
2. How do money problems affect the sustainability of energy supply?

3. What weaknesses in institutions affect Ghana’s gas sector?

4. What environmental and operational risks threaten gas infrastructure?

5. What plans can improve energy security in Ghana in a way?

1.6 Why This Study 1s Important

This study is important because it adds to our knowledge about energy security and managing gas infrastructure
in Ghana.
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The results will be useful to:
* Policymakers

* Researchers

* Energy regulators

* Organizations that help with development
* Investors

» Government institutions

This study also adds to what we know about energy insecurity in Sub-Saharan Africa.

1.7 What This Study Covers

This study focuses on Ghana National Gas Company Limited and the things that affect energy insecurity in
Ghana.

The research looks at:

* Financial challenges

* infrastructure deficit

* Problems with governance

* Environmental risks

* Technical and operational constraints

Within in Ghana’s gas and electricity sectors.

1.8 Limitations of This Study

This study mainly used information from sources because it was hard to get original data from Ghana Gas.

Some reports from institutions were not available to the public and some financial data changed from time to
time.

With these limitations the study used reliable academic journal reports from institutions Reuters publications
and government documents to make sure the information was trustworthy.
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1.9 How This Study 1s Organized

This study is divided into five chapters.

* Chapter One introduces the study.

* Chapter Two looks at literature.

* Chapter Three explains how the research was done.

* Chapter Four presents the analysis of data and discussion.

* Chapter Five gives a summary, conclusion and recommendations.

1.10 The History of Ghana’s Energy Sector

The history of Ghana’s energy sector is closely tied to the country’s political development since it became
independent. After Ghana became independent in 1957 it focused on industrialization and building
infrastructure under the leadership of Dr. Kwame Nkrumah the first President of Ghana. One of the projects at
that time was the Akosombo Hydroelectric Dam, which was built on the Volta River in the Volta region of
Ghana.

The Akosombo Dam became the source of electricity generation in Ghana for many years. The project was
designed to support industrial growth like mining activities, aluminum smelting and providing electricity to
homes.

For a time, hydroelectric power was the main source of electricity in Ghana.

However, relying much on hydroelectric power made Ghana vulnerable due to changes in the climate. When
there were droughts and less rain the water level in the Volta Lake would go down. The ability to generate
electricity would decrease. By the year1990s and early 2000s the demand for electricity had increased a lot due
to rapid urbanization population growth and industrial expansion.

Since hydroelectric power alone could not meet the increasing demand, The electricity company of Ghana had

to start using power generation. Thermal plants that used oil, diesel and natural gas became more important.

The discovery of oil and gas in the Jubilee Field in 2007 made people think that Ghana would have a lot of
energy and the economy would get better. The people who make policies thought that using gas would make
electricity cheaper and more reliable.

The creation of the Ghana National Gas Company Limited was an attempt to make a gas industry in Ghana that
could help make electricity and help industries grow.
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But with these new things Ghana’s energy system still has big problems
like:

* Owing a lot of money

* Not having enough infrastructure

* Not having a steady supply of fuel

* Institutions not working well together
* Not being very efficient

* Concerns about how things are run

These things that happened in the past help us understand why Ghana does not have a good energy system now.

1.11 How Energy Insecurity Affects People and the Economy in Ghana

Energy insecurity has serious socioeconomic consequences for Ghanaian society.

Impact on Businesses

Businesses are really hurt by power outages that keep happening. Small and medium businesses have
* Less work getting done

* Higher costs

* Equipment is getting damaged

* Making less money

* Some even close down

Factories need electricity to work, and outages make it hard for them to make things, and they must use
expensive diesel generators.
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Effects on Healthcare

Hospitals need electricity all the time for
* Surgeries

* Keeping medicine cool

* Taking care of sick people

* Doing tests

* Helping people in emergencies

Outages make it hard for hospitals to take care of people and are very risky.

Effects on Education

Schools are also affected by electricity that's not reliable.
Students have problems like

* Disrupts online learning

* Not being able to use computers and other resources

* Not being able to study

* Poor research productivity

Effects on Families

Families have many problems because of electricity instability.
These problems include

* Food spoilage

* Increase in household expenses

* Reduces quality of Life
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* Being stressed

* Reduced access to information and communication technologies

Effects on the Whole Country

Not having a good energy system affects how well Ghana’s economy does.
This is because

* Factories make

* People are less likely to invest

* The government gets money

* It costs more to make things

* Prices go up

So, energy insecurity is a problem, for Ghana.

LITERATURE REVIEW

2.1 Concept of Energy Security
Energy security is about having energy that's affordable, reliable and sustainable. Think of it like having a

power source for your home that's always available when you need it. Energy security is very important for
Energy Security.

There are four parts to Energy Security:
1. Availability

2. Accessibility

3. Affordability

4. Sustainability

Availability means having Energy Security resources to meet our needs. For example, a country with plenty of
sunlight can use Energy Security to generate electricity.

Accessibility is about being able to get Energy Security services. Imagine an area with no access to electricity.
That is a problem of Accessibility.
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Affordability is about the cost of Energy Security for people and governments. When Energy Security is
affordable people can use it without spending much money.

Sustainability is about making sure our Energy Security systems are good for the environment and can last for a
time. This means using Energy Security sources like wind and solar power for Energy Security.

Countries with Energy Security systems often see more industrial productivity, higher economic growth, better
healthcare, improved education and more technological progress.

Some of the benefits of Energy Security include:
More industrial productivity

* Higher economic growth

* Better healthcare

* Improved education

More technological progress

2.2 Concept of Energy Insecurity

Energy insecurity happens when a country or institution cannot keep its Energy Security supply systems
running smoothly. This can be due to reasons like infrastructure failure or financial instability. Energy
insecurity can affect Energy Security.

Energy insecurity can result from things, including:
* Infrastructure failure

* Fuel supply interruptions

* Financial instability

* Risks

» Governance weaknesses

* Technical inefficiencies

* Climate variability
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The effects of Energy insecurity are many including:
* Less economic productivity

* Slower industrial growth

* jobs

* Poor healthcare

* Lower household welfare

+ Slower national development

In developing countries Energy insecurity often leads to more poverty and less investment in Energy Security.

2.3 Global Energy Security Trends
Energy Security is becoming more important due to many factors, including:
* Rising Energy Security demand

* Climate change

* Conflicts

* Volatile fuel prices

* The shift to Energy Security

Countries are investing in things including:

* Renewable Energy Security

* Diversifying Energy Security sources

* Smart grids

* Gas infrastructure

* Energy efficiency technologies

The Russia-Ukraine conflict showed how geopolitical instability can disrupt global gas markets and electricity
systems for Energy Security.
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Many countries now focus on producing their Energy Security and diversifying their sources to reduce
vulnerability to Energy insecurity.

2.4 Energy Security in Africa

Africa faces Energy Security challenges despite having abundant natural resources for Energy Security.

The main challenges include:

* Infrastructure

* Low investment

* Poor maintenance

* governance

* Energy poverty

 Limited access to electricity for Energy Security

Sub-Saharan Africa has some of the lowest electricity consumption rates globally which affects Energy
Security.

Energy insecurity in Africa affects things, including:
* Industrialization

* Healthcare

* Education

* Technological development

* Poverty reduction

Many African countries are investing in gas and renewable Energy Security to improve electricity generation
for Energy Security.
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2.5 Ghana’s Energy Sector Overview

Ghana’s Energy Security sector mainly consists of:
* Hydropower

* generation

* Renewable Energy Security

* Natural gas systems

Historically hydropower was the main source of electricity in Ghana through the Akosombo and Kpong dams
for Energy Security.

However, with population growth, industrial expansion, urbanization and climate change electricity demand
increased beyond capacity for Energy Security.

Thermal electricity generation powered by gas and liquid fuels became more important after discovering gas
resources for Energy Security.

Key institutions in Ghana Energy Security sector include:
 Ghana National Gas Company Limited

* Electricity Company of Ghana

* Volta River Authority

* Ghana Grid Company

* Energy Commission

* Public Utilities Regulatory Commission

Despite reforms Ghana still experiences recurring electricity outages, which affect Energy Security.

CHAPTER TWO
2.6 Ghana National Gas Company Limited (GNGC)

Ghana National Gas Company Limited was set up in 2011 to take care of Ghana National Gas Company
Limited natural gas resources and infrastructure.
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The main things Ghana National Gas Company Limited does include:
* Gathering gas

* Processing gas

* Moving gas around

* Selling natural gas

Ghana National Gas Company Limited has a gas processing plant in Atuabo that it runs in the western part of
Ghana.

This plant gets gas from:

* Jubilee Field. Which's in the western part of Ghana

* TEN Field. Which is also in the western part of Ghana

* Sankofa Field. Which is in the part of Ghana too

The gas that Ghana National Gas Company Limited processes help power plants in:
* Aboadze. In the central part of Ghana

* Tema. In the Greater Accra part of Ghana

Ghana National Gas Company Limited was made to:
* Make electricity more reliable

* Reduce how much Ghana relies on fuels from countries

* Lower the cost of making electricity

* Help industries grow

* Promote growth in Ghana
2.7 Theoretical Framework
This study uses Energy Security Theory.

This theory says that energy systems must be:
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* Reliable
* Affordable
* Sustainable

* Operational efficiency

According to this theory energy systems are not secure when they are vulnerable to:
* Infrastructure failure

* Governance weaknesses

* Environmental risk

* Financial instability

* Operational instability

This theory is a fit because Ghana National Gas Company Limited energy problems are complex and
connected.

2.8 Infrastructure and Energy Insecurity

Not having enough infrastructure is a big reason Ghana National Gas Company Limited has energy problems.

Some of the infrastructure issues are:
* Aging pipelines

* Weak transmission systems

* Inadequate maintenance

* Pipelines leakage

* Limited storage capacity

* Operational shutdown

Research shows that not modernizing infrastructure enough really affects how reliable electricity is.
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Not taking care of infrastructure also increases costs. Reduces how well the system works.

2.9 Financial Challenges and Energy Insecurity

Financial instability is a big threat to Ghana National Gas Company Limited energy sector.

Some of the financial challenges are:

* Energy sector debt

* Delay in payments

* Revenue loss

* Electricity theft

* Weak tariff structure

* High operational cost

Reports say that Ghana owes billions of dollars to gas suppliers and people who generate electricity.

Not having financial stability stops people from investing and reduces how well things work.

2.10 Governance and Institutional Challenges

Governance problems really affect Ghana National Gas Company Limited energy sector.
Some of the governance challenges are:

* Corruption

* Politicians interfering

* Weak accountability system

* Delayed projects implementation

* Procurement irregularities
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* Poor Institutional coordination
Weak governance system reduces efficiency and discourages private investment.

Public dissatisfaction regarding corruption and poor planning countries to increase

2.11 Environmental and Climate Challenges

Climate change really affects Ghana National Gas Company Limited energy systems.
Some of the environmental risks are:

* Flooding

* Eroding coastlines

* Droughts

* Pipelines being exposed

* Irresponsible Mining

* Environmental degradation

Climate change also reduces how reliable hydroelectric power is, increasing dependance on thermal systems.

2.12 Operational and Technical Challenges

Gas processing and electricity generation are still having problems.

The main issues are things like compressor failures and pipeline leakages and metering inaccuracies.
We also have equipment breakdowns and maintenance delays and gas processing interruptions.

Operational shutdown at Atuabo gas plant frequently disrupts thermal electricity generation

2.13 Empirical Review

Other studies have shown that Ghana has energy problems because of money and infrastructure and
environment and leadership issues.
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We do not invest enough in energy. Our institutions do not work well together, which affects how long we can
keep supplying gas.

Many studies say that we need to modernize our infrastructure and use energy and change our financial systems
and make our institutions more accountable to make our energy supply more secure.

* Infrastructure modernization
* Renewable energy diversification
* Financial reforms

* Institutions more accountability
For improving energy sector

2.14 Comparative Analysis of Energy Insecurity in West Africa

Energy insecurity is not unique in Ghana. Several West African countries experience similar
Challenges involving electricity instability, weak infrastructure system and financial difficulties and money.

Nigeria: Has a lot of gas has still had big problems with electricity generation

Their major challenges are people pipelines vandalism, corruption, financial instability and weak infrastructure
for transmitting electricity and inadequate maintenance equipment.

Even though the country has a lot of gas, but Nigeria is not making much electricity generation as expected.

Cote d’Ivoire: Has made significant progress in electricity generation through investing in natural gas and
exporting electricity to other countries.

However, the country still faces fuel price volatility, infrastructure maintenance cost, climate related-energy
risk.

To go and Benin rely heavily on imported electricity from countries and therefore remain vulnerable to
regional electricity disruptions.

Lessons for Ghana
Looking at what’s happening in other countries it shows that we need to modernize our infrastructure and our
institutions need to be more accountable and we need to have a financial system to have a reliable electricity

supply and using renewable energy can reduce our vulnerability.
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Ghana can learn from what's happening in other countries to improve its own energy security.

2.15 Renewable Energy and Energy Security

Renewable energy is becoming increasingly important when we talk about energy policy.

Types of energy include:
* Solar energy

* Wind energy

* Hydropower

* Biomass energy

* Geothermal energy.

Renewable energy helps us to reduce carbon emission, energy diversification, climate resilience, long term
sustainability and reduces dependance on imported fuels.

Ghana possesses significant renewable energy potentials, especially in solar energy.

The northern part of Ghana receives high level of solar radiation which's great for making electricity from solar
energy.

However, renewable energy development remains relatively limited due to:
e High investment cost

Limited financing

Weak policy implementation

Inadequate infrastructure

Renewable energy and Gas

Although natural gas is considered cleaner than crude oil and diesel, renewable energy diversification remains
important for long-term energy security.

Renewable energy systems can work together with generation, reduce the pressure on our gas infrastructure.

Investing in energy can help us have more reliable electricity and be better for the environment.

2.16 Literature Gap

Most previous studies focused broadly on Ghana’s electricity sector.

Limited research specifically examines factors affecting energy insecurity in Ghana National Gas Company
Limited using both qualitative and quantitative evidence.
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This study therefore fills an important knowledge gap.

CHAPTER THREE
RESEARCH METHODOLOGY

3.1 INTRODUCTION

This chapter explains the research methods used in the study.
The chapter covers:

* Research design

* Data sources

* Sampling

* Data collection methods

* Data analysis techniques

* Reliability and validity

3.2 Research Design
The study adopted mixed methods research design.
This approach combines:
* Quantitative evidence
* Qualitative evidence

This design was suitable because energy insecurity involves both indicators and social factors.
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3.3 Research Approach

The study used an analytical research approach.

The descriptive approach helped explain the nature of energy insecurity.
The analytical approach looked at the relationships between:

* Debt levels

* Infrastructure deficits

* Operational Failures

* Governance challenges

* Energy supply disruptions

3.4 Sources of Data

The study relied mainly on secondary data from:

* Government reports

* Reuters publications

* Academic journals

* Ghana Energy Commission reports

* Public Interest and Accountability Committee (PIAC) reports
* Institutional publications

* Online public discussions

3.5 Population and Sampling

The study focused on Ghana’s gas and electricity sector.
The target population included:

* Ghana Gas

* Electricity Company of Ghana (ECG)
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* Volta River Authority (VRA)

* Energy Commission

* Public Utilities Regulatory Commission (PURC)
* Independent Power Producers

Purposive sampling was to select relevant reports and institutional publications.

3.6 Data Collection Techniques

We collected data using:
* Literature review

* Document analysis

* Content analysis

* Institutional report review

Quantitative evidence focused on:
* Debt statistics

* Revenue losses

* Electricity generation deficits

* Operational disruptions

Qualitative evidence focused on:
* Governance issues

* Public opinion

* Institutional challenges

* Policy implementation problems
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3.7 Methods of Data Analysis

Quantitative data were analyzed using:

* Percentages

* Tables

* Trend analysis

* Descriptive statistics

Qualitative data were analyzed thematically.
The themes included:

* Financial instability

* Governance inefficiency

* Infrastructure challenges

* Operational failures

3.8 Reliability and Validity

The study ensured reliability by using:
* Peer-reviewed journals

* Government reports

* Reuters publications

* Institutional documents

Validity was ensured through cross -verification of data from multiple credible sources.
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3.9 Ethical Considerations

The study used information that's already available to the public.
All sources used in the research were properly acknowledged.

The study avoided plagiarism and maintained academic integrity.

3.10 Conceptual Framework of the Study

The conceptual framework of this study explains how different things affect energy insecurity at Ghana
National Gas Company Limited.

The framework identifies five major independent:
1. Financial instability

2. Infrastructure deficits

3. Governance weaknesses

4. Technical challenges

5. Environmental risks

These things directly affect the dependent variable, which is energy insecurity.

Financial Instability
Financial instability affects:

* Infrastructure deficits

* Gas procurement

* Operational sustainability
* Investment Attraction

instability is a major problem for Ghana National Gas Company Limited.
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Infrastructure Deficits

Poor infrastructure leads to:

* Leaks in pipelines

* Operational Shutdowns

* Reduced efficiency in transmission

* Interruptions in gas supply

Governance Weaknesses
Governance challenges affect:

* Coordination among institutions
» Efficiency in procurement

* Systems of accountability

* Implementation of policies

Governance weaknesses are a problem for Ghana National Gas Company Limited.

Technical Challenges

Technical problems reduce reliability of operational reliability and increase costs of maintenance.

Environmental Risks
Changes in climate and environmental degradation threaten sustainability of infrastructure.

The framework demonstrate that these interconnected factors collectively contribute to energy insecurity in
Ghana.

3.11 Importance of Mixed-Methods Research in Energy Studies

Energy security research often requires both quantitative and qualitative evidence because energy systems
involve technical, social, financial and institutional dimensions.
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Importance of Quantitative Data
Quantitative evidence helps researchers measure:
* Electricity generation capacity

* Accumulation of debt

* Losses in revenue

* Performance of infrastructure

* Disruptions in operations

Data is essential for understanding energy insecurity in Ghana.

Importance of Qualitative Data

Qualitative evidence helps explain:

* Perception of the public

» Inefficiencies in institutions

* Challenges in governance

* Political influence

* Culture of organizations

Qualitative data provides context to energy insecurity in Ghana.

The combination of both approaches provides comprehensive understanding of energy insecurity in Ghana.

CHAPTER FOUR

DATA PRESENTATION, ANALYSIS AND DISCUSSION

4.1 Introduction

This chapter presents qualitative and qualitative findings regarding factors affecting energy insecurity in
Ghana National Gas Company Limited.
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4.2 Overview of Ghana Gas Operations

Ghana Gas plays a strategic role in Ghana’s electricity generation system.
The company processes natural gas from offshore oil fields and supplies thermal power plants.

Thermal electricity generation has become increasingly important due to reduced reliability of hydroelectric
systems.

However, Ghana Gas faces:
* Financial challenges

* Infrastructure deficits

* Disruptions, in operations
* Governance problems

* Security threats

Ghana Gas is working to address all these challenges.

4.3 Looking at The Numbers

Table 1: Important Energy Sector Facts

Indicator Estimated Value

Debt owed to independent power producer companies and gas suppliers $2.5 Billion
Ghana’s energy sector debt GH¢70 billion

Electricity company of Ghana losses 40%

Estimated electricity demand growth 10% every year

Gas supply disruption deficit 650 MW

The table demonstrate that Ghana’s energy sector faces several financial and operational problems.
Analysis

The accumulation of debt significantly weakens operational sustainability.
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Electricity company of Ghana (ECG) revenue loses reduce the electricity sector’s ability to meet payment
obligations.

Increasing electricity demand places a lot of pressure on infrastructure systems.

4.4 Qualitative analysis
Qualitative evidence from institutional reviews and public discussion identified several major themes.

Theme 1: Corruption and Bad Leadership

Respondents and public discussion frequently identified corruption and weak accountability system as major
contributor to energy insecurity in Ghana

Theme 2: Poor infrastructure Maintenance
Maintenance delays and aging infrastructure were repeatedly identified as operational risk.

Theme 3: Public Dissatisfaction

Citizens expressed frustration regarding:

. Recurring power outages “Dumsor”
. Rising electricity prices

. Weak government response

. Poor planning

Theme 4: Political interference
Politics influence in procurement and institutional management was also identified as major challenges.

People say that corruption and lack of accountability are making the energy situation worse.

Citizens are frustrated with:
. power outages

. Rising electricity prices
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. The government is not doing enough

. Poor planning

4.5 Financial causes of energy security

Not having money is the biggest reason for energy insecurity.

Big financial problems include:

. Debt accumulation

. Revenue leakages

. Delayed in payment

. High operational costs
. Weak tariff system

The finding indicates that electricity company of Ghana loses about 40% of revenue through:

. Technical losses

. Illegal connection

. Billing inefficiencies
. Electricity theft

These losses reduce the ability of electricity company of Ghana to pay:
. Ghana Gas

. Independent Power producers

. Fuel suppliers

As a result, gas supply reliability becomes unstable.
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4.6 Infrastructure Problems
Infrastructure deficit significantly affects energy reliability.
Big infrastructure problems include:

. Aging pipes

. Weak transmission systems

. Inadequate storage facilities

. Compressor failures

. Limited maintenance capacity

Operational shutdown at Atuabo frequently interrupts gas supply.

We found out that not enough is being done to modernize the infrastructure to keep up with the growing
demand for electricity.

4.7 Governance and Institutional Problems

Governance issues are a problem when it comes to energy security.

Major institutional challenges include:

* Corruption

» Weak accountability

* Procurement irregularities

* Political interference

* Poor policy implementation

Public discussions indicate growing dissatisfaction regarding energy sector governance.

The findings show that governance problems reduce operational efficiency and discourage people
investment.
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4.8 Environmental and Security Risks

Environmental and security risks continue to threaten to Ghana’s gas infrastructure.
Major environmental risks include:

* Flooding

* Coastal erosion

* Pipelines being exposed

* Changes in the climate

Illegal mining activities also threaten pipeline infrastructure in several communities.

Environmental degradation increases operational risks and maintenance costs.

4.9 Operational and Technical Problems

Operational failure continues to disrupt electricity generation.
Major operational challenges identified include:

* Pipelines leaking

» Compressors failing

* Metering inaccuracies

* Equipment breakdown

* Delays in maintenance

Technical inefficiencies reduce system reliability and increase operational costs.

4.10 Graphical Illustration and Interpretation

Figure 1: Major Factors Affecting Energy Insecurity in Ghana Gas Power Sector
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Power sector debt ||| GG 0
Infrastructure problems _ 30%
Governance issues ] 15%
Technical challenges _ 10%

Environmental risks - 5%

Interpretation of the Graph
The graph illustrates factors affecting energy security in Ghana National Gas Company Limited.
Debt in the power sector is the problem making up about 40% of the challenge.

Infrastructure problems account for 30% because the pipelines are old, weak transmission systems and
operational shutdowns.

Governance issues contribute 15% because of corruption, government interference and people not being
held accountable.

Technical challenges account for 10% including compressors failing and delays in maintenance.
Environmental risks make up about 5% because of changes in the climate and threats to pipeline security.

The graph shows that financial problems and infrastructure issues are the causes of energy insecurity in
Ghana.

4.11 Case Study Analysis: The "Dumsor" Electricity Power Outage Crisis

The term "Dumsor" Originated from Ghanaian Akan language which refers to persistent power outages
characterized by repeated electricity interruption.

The "Dumsor" crisis was one of the most significant energy challenges in Ghana’s recent history.
Causes of Dumsor Crisis

Several factors contributed to the crisis including:

* Inadequate generation capacity

* Fuel supply shortages
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* Hydropower limitation
* Infrastructure failing
* Financial debt

» Weak planning systems

Economic Effects of Dumsor

The economic effects of the crisis were severe.
Businesses experienced:

* Reduced production

* Loss of revenue

* Equipment being damaged

* Higher costs for generators

* Employee layoff

Some industries had to reduce production significantly during the worst outage periods.

Social Effects of Dumsor
Households experienced:

* Reduced living standards

* Increase household expenses

* Food spoilage

* Disruption to education

* phycological Stress

Healthcare facilities also faced serious operational risks during outages.
Government Responses
The government implemented several interventions, including:
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* Emergency power generation projects

* Expansion of thermal generation

* Developing natural gas

* Tariffs reforms

* Restructuring the power sector

Despite these efforts people’s dissatisfaction remained high.

The Dumsor crisis shows the structural problems, in Ghana’s energy sector.

4.12 Impact of Energy Insecurity on Industrial Development

Industrial development in Ghana heavily relies on electricity supply to work properly.
Energy insecurity significantly affects industries growth in Ghana.

Manufacturing Industries

Manufacturing companies rely on electricity for:

* Machinery operation

* Refrigeration systems

* Automated production

* Digital operations

Frequent power outages increase production costs and reduce competitiveness. These companies are not as
competitive as others.

Mining Sector

Mining operation requires large amount of electricity .
When the electricity supply is not stable it affects:

* How minerals are processed

* Equipment operations

* Production schedules
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* Export capacity

Telecommunications Sector

Telecommunication companies depend on uninterrupted power supply for:
* Network systems

* Data centers

« Communication infrastructure

When power instability increases operational expenses due to dependance on generators.

Foreign Investment
Having an electricity supply is one of the most important things for people who want to invest in Ghana.

Investors do not like to put their money in countries where the electricity supply is not stable because it is
too risky.

Energy insecurity affects Ghana’s ability to attract people to attract industrial investment.

4.13 Gender Dimensions of Energy Insecurity

Energy insecurity affects men and women in ways.

Women are often affected more because they are usually in charge of taking care of the household and the
family.

Household Responsibilities
Women usually do things like:

* Cooking

* Preserving food

* Household management

 Childcare
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Therefore, electricity outages increase household burdens.

Economic Effects on Women

Women who run businesses like:

* Hair salons

* Food vending

* Cold stores

* Tailoring shops

often suffer income losses during power outages.

Educational Impact on Girls

Not having electricity also affects girls from poor families who are trying to get an education.
They do not have light to study at night. It is harder for them to learn.

The way energy insecurity affects men and women differently means that we need to have policies that take
these differences into account.

4.14 Climate Change and Long-Term Energy Sustainability
Climate change is a threat to energy security in the long run.
Hydropower Vulnerability

Reduced rainfall and drought conditions have lowered water levels in hydroelectric dams.

This reduces electricity generation capacity.

Coastal Infrastructure Risks
Gas infrastructure located near coastal regions faces risk:
* Coastal erosion

* Flooding
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* Storm surges

 Saltwater corrosion

We Need Infrastructure That Can Withstand Climate Change

Future of energy planning in Ghana must incorporate:
* Climate adaptation strategies

* Renewable energy system

* Resilience infrastructure designs

* Environmental monitoring system

Climate resilience is therefore essential for long term energy sustainability.

4.15 Discussion findings

What we found out shows that Ghana does not have an energy supply and it is a complicated problem.
Financial instability significantly weakens operational sustainability.

Debt accumulation reduces Ghana Gas and other institution’s ability to maintain infrastructure and meet
operational obligations

Not having good infrastructure also affects how reliable our electricity is.
When the gas plant at Atuabo is not working it stops the supply of gas to power plants that make electricity.
The government is not doing a job and that makes things worse.

There is no accountability and politicians are interfering too much which makes the organizations less
effective.

People are getting more upset about the power outages that keep happening.
Businesses, factories, hospitals and homes are suffering because they are not getting a supply of electricity.
So, what we found out confirms that the reason Ghana does not have an energy supply is because of many

problems that are all connected including money, technical issues, government, environment and
how things are run.
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CHAPTER FIVE

SUMMARY, CONCLUSION AND RECOMMENDATIONS

5.1 Summary of Findings

We did a study to find out what causes Ghana to not have an energy supply specifically at the Ghana
National Gas Company Limited.

What we found out is that the main reasons for this are:
* Owing a lot of debt

* Infrastructure deficit

» Government interference

* Technical failure

» Environmental risks

Quantitative evidence to show:
* Significant debt accumulation

* High revenue losses

* Increasing electricity demand

* Operational disruption

Qualitative findings revealed:
* Public dissatisfaction

* Corruption concern

* Weak maintenance culture

* Political interferrence
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What we found out confirms that Ghana does not have a stable energy supply because of deep-seated
problems with how things are structured and run.

5.2 Conclusion.

The study concludes that energy insecurity in Ghana National Gas company limited remains one of the
major developmental challenges confronting Ghana.

Despite the discovery of natural gas resources and significant investments in gas infrastructure. Ghana
continues to experience unstable electricity supply due to:

* Financial instability

* Infrastructure deficit

» Government weakness
* Technical inefficiencies
* Environmental risks

The study also concludes that owing to a lot of debt and not having good infrastructure are the biggest
threats to having a stable energy supply.

The government and organizations are not working well together, there is corruption. They are not taking
care of things, which all make it hard to do jobs.

The fact that we keep having power outages shows that Ghana’s energy sector needs to be changed.
Achieving sustainability energy security requires:

* Infrastructure modernization

* Financial restructuring

* Renewable energy diversification

* Make the government more accountable

* Make our organizations more effective

* Enhance technical capacity
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5.3 Recommendations

1. Infrastructure modernization
The government should invest heavily in:
* Expansion of pipelines

* GGas storage system

» Compressors modernization

* Smart transmission system

Infrastructure maintenance should become a national priority.

2. Financial reforms

The government should implement:
* Debt restructure

* Revenue recovery systems

* Anti-theft measure

« Efficient tariff system

These reforms will improve operational sustainability.

3. Institutional Accountability

Energy sector institutions in Ghana should strengthen:
* Transparency

» Accountability

* Better procurement system

* Finances monitoring

Anti-corruption reforms should also be intensified.
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4. Renewable Energy Diversification

Ghana needs to use kinds of energy. It should invest more in:
* Solar energy

* Wind energy

* Biomass systems

* Renewable infrastructure

Diversification will help reduce dependance on thermal systems.

5. Technical Capacity Development
The government needs to improve training in the energy sector.

Specialized maintenance teams should be developed for gas infrastructure to management

6. Pipeline Security Systems

The government should strengthen pipelines monitor better to stop:

* Vandalism

* [llegal mining

* Environmental damage

7. Long-Term Energy Planning

Ghana needs a long-term plan for energy planning frameworks.
Strategic planning should focus on:

* Energy sustainability

* Climate resilience

* Reliable infrastructure

* Stable investment
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5.4 Policy Implications

The findings of this study have important implication for Ghana’s energy policy.
Policymakers should focus on:

* Reducing debt

* Modernizing infrastructure

* Governance reforms

* Renewable energy investment

* Coordinating institutions

Failure to address challenges may worsen electricity instability and reduce investors confidence.

5.5 Areas for Further Research

Future studies should investigate:

* Integrating of renewable energy in Ghana
* Smart grid technologies

» Consumer energy behavior

* Climate resilience in gas infrastructure

» Comparative studies between Africa gas systems

5.6 Strategic Framework for Improving Energy Security in Ghana

Improving energy security in Ghana requires a long-term plan.

This plan should involve coordination between institutions, infrastructure development, financial
sustainability and modern technology.
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Institutional Coordination

One major weakness in Ghana’s energy sector is coordination between institutions.
Key institutions like:

* Ghana National Gas Company. GNGC

* Electricity Company of Ghana. ECG

* Volta River Authority. VRA

* Energy Commission. EC

* Public Utilities Regulatory Commission. PURC

* Ministry of Energy

Must operate within an integrated policy framework.

Poor coordination leads to:
* Delayed decision making

* Poor accountability

* Inefficient procurement system

» Weak project implementation

The government should establish better coordination systems.

Infrastructure Expansion

Modernizing infrastructure is crucial for sustainable energy security.
Future infrastructure investments should prioritize:

* Expanding pipelines

* Smart transmission systems

* Gas storage facilities

» Compressors modernization
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* Infrastructure preventive maintenance system

Investments should also focus on regional energy integration.

Energy Diversification

Dependance on single energy source increases vulnerability. Ghana should therefore diversify it energy mix
through increased investment in:

* Solar energy

* Wind power

* Biomass energy

* Small-scale hydro systems

Diversification will help reduce dependance on thermal systems.

Digital Transformation

New digital technologies can make the energy sector work better. For example,

* Smart metering systems

* Automated monitoring systems

* Artificial intelligence to predict when things need to be fixed

* Digital billing systems

Digital transformation can significantly reduce revenue losses and operational inefficiency.
Capacity Building

Ghana needs to develop its people to make the energy sector work well. The government should invest in
* Technical training

* Engineering education

* Research institutions

* Professional development programs
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Developing people’s skills makes things work better and last longer.

5.7 Economic Implications of Energy Sector Debt

Debt in the energy sector is a threat to Ghana’s economy.

Causes of Energy Sector Debt
The main reasons for this debt are

* Revenue leakages

* Electricity theft

* Delay in tariff adjustment

* Operational inefficiencies

* Currency depreciation

* Fuel prices volatility

Impact on Government Finance

Large energy sector debt puts a lot of pressure on public finance. The government often allocates significant
amounts of money towards:

* Paying debts

* Fuel procurement

* Emergency power generation

* Infrastructure maintenance

These expenditures reduce resources available for:
* Healthcare

* Education

* Infrastructure development

* Social protection programs
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Investor Confidence

Owing a lot of debt discourages people from investing in the energy sector. Private investors think it is too
risky to invest in the energy sector when it is not doing well financially. These limits

* Infrastructure financing
* Renewable energy development

* Foreign investment

Currency and Inflation Effects

Debt in the energy sector can also affect the whole economy. Ghana relies on imported fuel so changes in
the value of money affect Ghana. When fuel costs rise it leads to

* Inflation
* High electricity prices
* Higher costs of production

The problems with debt in the energy sector affect more than just the energy sector.

5.8 The Role of International Organizations in Ghana’s Energy Sector

International organizations play a role in supporting Ghana energy development.

International Monetary Fund (IMF)

The IMF has support Ghana through economic stabilization programs. These programs often include
reforms targeting:

* Energy sector debt reduction
* Tariff restructuring

* Fiscal sustainability
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World Bank

The World Bank supports:

* Infrastructure development
* Renewable energy projects
* Institutional reforms

» Technical assistance

African Development Bank

The African Development Bank finances:

* Regional electricity projects

* Energy access initiatives

* Modernizing infrastructure

Bilateral Development Partners

Countries and development agencies provide technical and financial assistance for:
* Developing renewable energy

* Implementation of policies

* Strengthening institutions

International cooperation is still important for Ghana’s energy sector development.
5.9 Public Perception and Political Accountability

Public perception greatly affects energy policy and governance.

Public Frustration:

Recuring electricity outages have generated widespread frustration among citizens.

Common public concerns include:
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* Rising electricity bills
* Unreliable service
* Corruption allegations

* Lack of government accountability

Media and Public Debate:

Media platforms often discuss energy sector challenges.
Public debate usually focuses on:

» Government performance

* Corruption allegations

* Infrastructure failures

* Electricity pricing

Political Consequences:

Energy insecurity can influence electoral politics

Governments with electricity crises often face criticism and declining public trust.

Importance of Transparency:
Transparency is key to restoring public confidence.
Government institutions should improve:

* public communication

* Financial transparency

* Procurement accountability

* Project monitoring

Effective public engagement strengthens institutional legitimacy.
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5.10 Energy. The Future of Natural Gas in Ghana

The global energy transition to low-carbon systems affects Ghana’s natural gas industry.

Natural Gas as a Transition Fuel

Gas is seen as a transition fuel because it emits less carbon than coal and crude oil.
In Ghana natural gas plays critical role in:

* Thermal electricity Generating

* Industrial energy Supply

* Economic development

Global Climate Commitments:

International climate agreements encourage countries to reduce greenhouse gas emissions.
This creates pressure for renewable energy investment.

Opportunities for Ghana:

Ghana can use gas strategically while investing in renewable energy systems.
Potential opportunities include:

* Hybrid electricity systems

* Renewable gas integration

* Green industrial development

Challenges of Energy Transition

The energy transition also presents challenges including:

* costs of renewable energy investment

* Adapting infrastructure
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* Technological limitations
* Financing constraints

Long-term planning is therefore essential.

5.11 Recommendations for Policy Reform

The government needs to make some changes to the way they handle money.

They should make sure they are getting all the money they are supposed to get from public and businesses.
They should also keep an eye on how money is being spent and make sure it is being used correctly.

This includes:

* Revenue collection system

* Financial auditing

* Procurement monitoring

* Debt management system

Reducing electricity Theft.

Electricity theft significantly contributes to loss of revenue.
Measures should include:

* Smart metering system

* Community education

* Stronger legal enforcement

Enhancing infrastructure development.
Preventive maintenance systems should be prioritized.
Infrastructure failure often results from delayed maintenance.

Some areas they should focus on include:

* Smart grid system
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* Renewable energy technologies

* Operational efficiency

Encouraging private sector participation
We should also make it easier for private partners to get involved in the energy sector business.
This can help us get money to improve our energy systems and make them more modern.

The government should make it easy for companies to invest in energy sector.

Comparative Recommendations: Lessons from the UAE Gas System for

Ghana National Gas Company Limited

The United Arab Emirates (UAE), particularly through operational go ADNOC Gas and the broader of Abu Dhabi energy
framework, ha developed one of the most integrated and technologically advanced gas system in the Middle East. The
UAEs gas infrastructure combines operation efficiency, infrastructure modernization, digital technology, financial
sustainability, institutional coordination and long-term strategic planning.

In the contrast, Ghana National Gas company limited continues to experience significant operational, financial,
infrastructural and institutional challenges affecting National energy insecurity in Ghana and the UAE differ in economic
scale and hydrocarbon reserves. Ghana can still adopt several strategic lessons from the United Arab Emirates (UAE) gas
model to improve energy sustainability, operational reliability and long-term National development.

This section therefore provides a comprehensive recommendation framework demonstrating how Ghana can learn from
the UAE gas system to overcome its current gas-sector challenges.

Their system is very advanced. Including many different parts, like:
* Places where gas is processed

* Facilities where gas is turned into liquid

* Pipes that carry gas over the country

* Tanks where gas is stored

* Facilities where gas is used to make things

* Ways to export gas to other countries

Ghana can learn from the UAEs system.

Ghana’s gas system is not as good. It has many problems.

Ghana can use some of the same ideas as the UAE to make their system better.
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1. Integrated Gas Infrastructure Development

One of the things that makes the UAEs gas system so good is that it is highly integrated gas infrastructure network.
ADNOC Gas operates a large interconnected system involving:

* Gas processing plant

* Liquefied Natural gas facilities

* Pipeline network

* Storage system

* Industrial gas facilities

* Export infrastructure

The UAE maintains more than 3,000 kilometers of interconnected pipelines supporting industrial growth, electricity
generation and domestic supply reliability.

Recommendation for Ghana

Ghana should prioritize the development of a fully integrated national gas infrastructure network capable of connecting:
* Offshore gas production facilities

* Gas processing plants

* Thermal power plants

* Industries consumers

* Regional distribution system

Now if something goes wrong at one of the gas processing plants it can cause problems in all over the country, this is
because Ghana’s system is not very strong and does not have backup systems.

The UAEs models demonstrate the importance of infrastructure diversification and network interconnectivity.
Ghana should therefore invest in:

* Additional gas processing facilities

* Secondary backup pipelines

* Modern compressor stations
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* Regigional pipeline connectivity
* Strategic gas storage systems

This will help make Ghana’s gas system stronger and more reliable.

2. Strong Institutional Integration and Coordination

ADNOC Gas was formed by bringing together gas processing, LNG operations, industrial gas systems and marketing
functions into one team. This is what ADNOC did.

This teamwork improves a lot of things like

* Operational coordination

* Decisions-making efficiency

* Resources are management

* Financial accountability

* Strategic planning

In Ghana institutional fragmentation remains a major challenge.
There are institutions like

* Ghana Gas National company

* Electricity Company of Ghana (ECG)

* Volta River Authority (VRA)

* Public Utilities Regulatory Commission PURC
* Energy Commission

* Ministry of Energy

that often operates with overlapping responsibilities and weak coordination.

Recommendations for Ghana:
What Ghana should strengthen institutional integration through:
* Clear operational framework

* Inter energy coordination
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* Centralized energy planning

* Managing infrastructure in a coordinated way

* Shared digital operational systems

If Ghana has a unified plan, it will reduce duplication and make people more accountable and get projects done faster.

The UAE system shows that when institutions are clear it makes operations more efficient.

3. Financial Sustainability and Commercial Discipline

One big difference between the UAE gas system and Ghana’s energy sector is how they manage money and do business.

ADNOC Gas operates with business structures, global investment plans and strict financial systems. The company makes
a lot of money while still supplying gas to the country and exporting it. This is what ADNOC Gas does.

On the hand Ghana’s energy sector is struggling with
* Debt Accumulation

* Revenue leakage

* Delayed payments

* Electricity theft

* Financial instability

Recommendations for Ghana

Ghana should adopt stronger commercial governance system like those implemented in the UAE:
Some key reforms should include

* Smart billing systems

* Digital systems to monitor revenue

* Technologies to prevent theft

* Cost-reflective tariff structure

* Independent financial auditing

* Automated payment systems

The UAE shows that for energy to be sustainable; in the long term it needs financial discipline and operational
accountability.
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Ghana should also make it easier for private companies to participate and for investors to trust them by making
regulations more predictable and finances more transparent.

4. Investment in Digital Technology and Smart Infrastructure

The UAE energy sector is really relying on technology and smart infrastructure these days.

This includes things like

* Artificial intelligence

* Smart monitoring systems

* Predictive maintenance technologies

* Automated operational systems

* Digital infrastructure management

ADNOC Gas thinks that innovation and artificial intelligence are very important for future-proofing operations.
These technologies make a difference in

* Operational reliability

* Maintenance efficiency

* Energy forecasting

* Infrastructure monitoring

* Revenue collection

For Ghana I think Ghana Gas should make digital transformation a priority across all its operations.
This should include:

* Smart pipeline monitoring systems

* Real-time infrastructure analytics

* Artificial intelligence-based predictive maintenance

* Smart metering systems
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* Automated gas distribution monitoring
Digital systems can really help reduce

* Technical losses

* Equipment failures

* Maintenance delays

* Revenue leakages

The UAE model shows that using technology to manage energy can really improve how well things run and how efficient
they are.

5. Long-Term Strategic Planning

The UAE gas system has a plan with a national energy strategy that includes
* Capacity Expandsion

* Decarbonization

* Modernizing infrastructure

* Global market integration

* Diversifying industries

ADNOC Gas has a framework that focuses on growth, decarbonization and futureproofing.

Recommendations for Ghana:

* 20-30-year gas infrastructure plans

* National energy transition frameworks

* Renewable integration strategies

* Industrial gas utilization plans

* Climate adaptation roadmaps

In the past energy planning in Ghana has been more reactive than proactive.

The UAE model shows how important it is to have a long-term plan for investing in energy which can help support
transformation and industrial growth.
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6. Gas-Based Industrial Development

One thing the UAE gas system does well is using natural gas to support industries.
According to ADNOC natural gas is used in industries like

* Steel production

* Fertilizer manufacturing

* Cement production

* Aluminum smelting

* Petrochemicals

* Water desalination

So natural gas is a part of the UAEs industrial development strategy.

For Ghana I think Ghana should use gas not just for generating electricity but also to drive industrial transformation.

Recommendation for Ghana

Ghana gas should use natural gas not only for electricity generation but also as a driver of industrial
transformation.

Ghana gas transformation can support:
* Fertilizer production

* Petrochemical industries

* Manufacturing expansion

* Industrial Parks

* Export industries

The UAE shows that natural gas can be a foundation for economic diversification and industrial competitiveness.
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7. Human Resource Development and Technical Capacity

The UAE energy sector invests heavily in:
* Technical expertise

* Engineering education

* Professional training

* Health and safety systems

* Research and innovation

The UAEs sour gas operations need specialized technical and health and safety expertise.

Recommendation for Ghana

Ghana should increase investment in:

* Petroleum engineering education

* (Gas operations training

* Technical certification programs

* Safety management systems

* Research institutions

Developing resources is essential for managing complex gas infrastructure systems.

Ghana should also work on strengthening collaboration, between universities, technical institutes and energy institutions.

8. Strong Health, Safety and Environmental Systems
The UAE energy sector has safety systems in place to protect:

* Workers

* Infrastructure

» Communities

+ Environmental systems

The UAE’s gas projects focus on safety management for both onshore and offshore operations.
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Recommendation for Ghana

Ghana Gas should strengthen HSE systems through:
» Advance safety monitoring

* Emergency response plans

» Environmental protection measures

* Regular safety audits

* International safety standards

Good safety systems reduce risks and make investors more confident.

9. Energy Security Through Diversification

The UAE uses gas and invests in:
* Renewable energy

* LNG exports

* Industrial diversification

* International energy investments

ADNOC sees gas as part of a long-term energy plan.

Recommendation for Ghana

Ghana should diversify its energy mix through:

* Solar energy

* Wind power

* Biomass systems

* Hybrid electricity systems

Natural gas is important, but long-term sustainability needs different electricity generation systems.

The UAE shows that diversification reduces vulnerability to supply disruptions and market volatility.
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10. Climate Resilience and Infrastructure Protection

The UAE invests in infrastructure resilience due to risks. Recent disruptions affecting ADNOC facilities showed the
importance of infrastructure systems.

Recommendation for Ghana

Ghana should strengthen infrastructure resilience through:
* Climate adaptation planning

* Coastal infrastructure protection

* Flood- resistant pipeline systems

* Emergency backup systems

» Strategic storage infrastructure

Energy infrastructure must be designed for long-term environmental sustainability.

11. International Market Expansion and LNG Strategy
The UAE has positioned itself as a Liquefied Natural Gas (LNG) supplier through:

* Long-term export agreements

* LNG infrastructure expansion

* International partnerships

» Shipping and logistics investments

ADNOC Gas exports to more than 20 countries globally.

Recommendation for Ghana

Although Ghana’s gas sector is mainly domestic the country can explore gas export opportunities within West Africa.
Potential opportunities include:

* Regional LNG supply

* ECOWAS gas integration

* Cross-border industrial gas markets
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*» Regional electricity generation partnerships

This would improve revenue generation and strengthen energy influence.

12. Building a Culture of Operational Excellence

One of the things that makes the UAE gas system work so well is how well it operates.
ADNOC says that the following things are important:

* Reliability

* Asset integrity

* Performance efficiency

* Innovations

* Continue improvement

Recommendation for Ghana
Ghana gas should build a stronger culture of:
* Preventive maintenance
* Professionals accountability
* Technical discipline
* Operational efficiencies
* Continues training

If you want infrastructure to work well for a long time you need to have operational excellence.

Final Comparative Reflection

When we compare Ghana National Gas Company Limited to the UAE gas system, we can see that having
an energy supply is not just about having resources.

Even though Ghana has a lot of gas to be successful in the long run it needs:
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* Institutional effectiveness

* Financial sustainability

* Infrastructure modernization
* Technology adoption

* Good governance

* Strategic Planning

* Human capital development

The UAE gas system can teach Ghana some lessons about how to plan, invest in infrastructure use new
technology and be good at operating.

Ghana cannot copy the UAE system exactly because they are sizes and have different amounts of money.
However, the UAE experience shows Ghana some things it can do to improve:

* Electricity reliability

* GGas infrastructure resilience
* Industrial development

* Financial sustainability

* Long-term energy security

If Ghana follows these suggestions, it can make its energy sector stronger and help the country develop in
other ways like creating jobs and growing the economy.

5.12 Comprehensive Not having an energy supply is one of the biggest
problems Ghana is facing.

When Ghana National Gas Company Limited was set up it was a step towards using gas in the country and
making electricity more reliable. However, this study shows that the problem of not having an
energy supply is still there because of big structural and institutional problems.

The study found that not having money is the main reason for not having a stable energy supply.

When you owe a lot of money it weakens your ability to operate and invest in infrastructure.
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Not having infrastructure also makes it hard to have reliable electricity because:

* Pipelines failure

* Operational shutdowns

* Weak transmission system

* Maintenance delays

The government and institutions are not working well, which also makes things worse.

Corruption, not being accountable and politicians interfering make it hard to operate efficiently and
discourage investment.

Environmental risks and changes in the climate also threaten the long-term stability of the energy supply.
The study also shows that not having a stable energy supply affects areas of life including:

* Businesses

* Industries

* Healthcare system

* Educational institutions

* Household welfare

* National economic growth

The "Dumsor" outages that keep happening are very costly for Ghana.

So, the study therefore concludes that achieving sustainable energy security requires comprehensive reforms
focused on:

* Infrastructure modernization

* Financia restructuring

* Renewable energy diversification
* Institutional accountability

* Technical capacity development
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* climate resilience

Having an energy supply is essential for Ghana to develop its industries transform its economy and grow as
a country.

Expanded Discussion on Financial Sustainability
Having a financial system is crucial for the energy sector to work well.

Ghana’s energy system has struggled for a time because it owes too much money, does not operate
efficiently and cannot recover costs.

When institutions cannot collect revenue efficiently it creates a cycle of instability.

For example, ECG loses a lot of money because of people stealing electricity connecting to the grid illegally
billing inefficiencies and technical losses.

These losses reduce the amount of money to pay power producers and gas suppliers.

As debt accumulates, institutions must rely more on the government and borrowing which makes investors
less confident and limits the ability to attract new investment.

Financial sustainability therefore requires:
* Efficient billing systems

* Cost reflective tariffs

* Revenue recovery measures

* Debt restructuring

* Improved financial oversight

You cannot have long-term sustainability without strong financial management systems.

Expanded Discussion on Infrastructure Reliability

Having infrastructure is essential for a stable energy supply.

The study found that old infrastructure is still a threat to operational efficiency in Ghana’s energy sector.
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Pipelines leak, compressors. Maintenance is delayed, which disrupts the gas supply to power plants.
Weak transmission systems also contribute to electricity losses and instability.
So modernizing infrastructure should focus on:
* Smart grid systems
* Modern transmission lines
* Digital monitoring technologies
* Preventive maintenance
* Regional interconnection system

New infrastructure makes operations more efficient. Reduces disruptions.

Expanded Discussion on Governance and Transparency

Governance is central to the energy sector working well.
When accountability is weak it increases the risk of corruption. Reduces institutional efficiency.
People lose trust in energy institutions when:

* Procurement processes lack transparency

* Projects are delayed

* Financial irregularities

* Electricity outages persist

Good governance therefore requires:

* Transparent procurement systems

* Independent regulatory oversight

* Public accountability

* Strong anti-corruption measures
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* Professional management systems

Institutions need to be credible to attract investment and operate well.

Expand Discussion on Renewable Energy Development
Renewable Energy Development is important for Ghana’s energy future.
Ghana has a lot of sunshine which makes Solar Energy a great option.

Investing in renewable energy in Ghana could:

* Reduce the pressure on thermal system

* Improve energy diversification

* Enhance climate resilience

* Reduce greenhouse gas emissions

However, renewable energy development in Ghana requires:
* Build the right infrastructure

* Policies consistency

* Financial incentives

* Technical expertise

So, Ghana should take its time. Plan carefully when it comes to Renewable Energy.

Expand discussion on regional energy cooperation
Countries in the ECOWAS region can benefit from:

* Cross boarder electricity trade

* Shared infrastructure system

* Regional pipelines cross borders

* Joint investment projects
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5.13 Expanded analysis of energy infrastructure financing

Financing remains one of the most critical determinants of energy sector sustainability in Ghana.
Large-scale infrastructure projects such as gas pipelines, processing plants, electricity transmission systems
and power generation facilities require significant long-term investment.

When countries work together, they can make their energy systems more reliable and less likely to have
problems.

Source of infrastructure Financing

Energy infrastructure financing in Ghana has historically come from multiple sources including:

* Government budget allocations

* International loans

* Bilateral development assistance

* Partnerships between the government and private sectors
* Commercial bank financing

* Exporting credit arrangement

Ghana Gas got a lot of help from other countries when it was set up.

Challenges in infrastructure financing.

Despite investments, Ghana continues to experience financing constrains due to:
* Rising public debt

* Currency depreciation

* Revenue losses

* Investor uncertainty

* Weak cost recovery system

When Ghana does not have money, it can delay important projects.
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Public-private partnerships

Partnerships between the government and private companies can help.
* Share the risks

* Technical expertise

* Access to private capital

* Operational efficiency

However, effective partnership requires:

* Regulatory stability

* Transparent contracts

* Institutional accountability

* Predictable tariff system

Long term infrastructure development

Sustainable energy system requires long-term investment planning.
Future financing strategies should prioritize:

* Preventive maintenance

* Renewable energy infrastructure

* Smart grid system

* Digital energy management technologies

If Ghana plans for the long term, it can make its energy systems more reliable.

5.14 Human Resource Capacity and Technical Expertise
Having people who know what they are doing is crucial for:
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* Infrastructure maintenance
* Operational efficiency

* Safety management

* Adopting technology

* Innovation capacity

Skill gap in the energy sector

Many countries do not have enough people with the right skills to work in the energy sector.

Ghana needs people who're experts in:
* Petroleum engineering

* Electrical engineering

* Mechanical engineering

* Managing pipelines

* Energy economics

* Environmental management

Training is important for the energy sector.

Importance of Training

* Operational reliability

* Equipment maintenance

* Safety performance

* Technical problem-solving

Training programs should focus on:
* Modern gas processing technologies

* Smart grid systems
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* Renewable energy integration

* Digital monitoring systems

Role of Universities and Research Institutions
Universities can support energy sector development through:

* Research and innovation

* Technical education

* Policy analysis

* Develop new technologies

So, it is important for universities and the energy industry to work together.

5.15 Community Relations and Social License to Operate

When we build energy infrastructure projects, they can affect the people who live in the communities.
For example, pipeline systems and processing plants can influence things like

* How the land is used

* The quality of the environment

* The livelihoods of people in the community

* The economic opportunities

Importance community engagement.
Strong community engagement improves:

* Improves public trust

* The sustainability of the project

* The protection of the infrastructure

* Ability to prevent conflicts.

74| Page



MSc 2026: ENERGY RESEARCH: RESEARCH ON A STUDY ON FACTORS AFFECTING

ENERGY INSECURITY. A CASE STUDY ON GHANA NATIONAL GAS

Community expectations

Communities hosting energy infrastructure often expect:
* Job opportunities

* Social investment projects

* Infrastructure development

* Protection of the environment.

Failure to address the concerns of the community can create tension and security risks.

Corporate social responsibility

Corporate social responsibility programs can strengthen relationships between Ghana gas and the local
communities.

Examples include:

* Provide scholarships to students

* Support healthcare projects

* Build infrastructure

* Provide clean water and sanitation projects.

When we have community relations it can improve the stability of our operations.

5.16 Energy Policy and Regulatory Framework in Ghana

The energy policy in Ghana provides the foundation for the development of the electricity sector.

Ghana has implemented policies that focus on:
* Energy diversification
* The development of renewable energy

* Expanding access to electricity
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* Using natural gas

* Modernizing our infrastructure.

Regulatory institutions

Major regulatory institutions include:

* The Energy Commission

* The Public Utilities Regulatory Commission
* The Environmental Protection Agency.
These institutions are responsible for:

* Licensing

* Regulating tariffs

* Ensuring environmental compliance

* Setting technical standards.

Regulatory challenges

Despite reforms, regulatory challenges persist include:
* Political interference

* Delayed tariff adjustments

* Weak enforcement systems

* Overlap between institutions.

It is important to have policies:
Investors need to know that the policy environment is predictable and stable.

If the policies change frequently, it can create uncertainty and discourage people from investing in the long
term.

Therefore, strong regulatory systems are essential for energy security.

76| Page



MSc 2026: ENERGY RESEARCH: RESEARCH ON A STUDY ON FACTORS AFFECTING

ENERGY INSECURITY. A CASE STUDY ON GHANA NATIONAL GAS

5.17 Technology and Innovation in Energy Security

New technologies are changing the way that energy systems work around the world.

Smart Grid Technology

* Real time monitoring

* Automatically detecting faults

* Managing the load more effectively

* Reducing Transmission losses.

Artificial intelligence and predictive maintenance
Artificial intelligence technologies can improve:

* Monitor infrastructure effectively

* Predictive maintenance

* Forecast demand

* Improve operational efficiency.
Digital metering systems
Digital metering systems reduces:
* Reduce electricity theft

* Improve the accuracy of billing

* Reduce revenue leakages.
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Renewable energy technology

Advance renewable energy technology continues to reduce the cost of:
* Solar panels

* Battery storage systems

* Wind turbines

* Energy management systems.

Therefore, technology provides an opportunity for improving energy security, in Ghana.

5.18 The Relationship Between Energy Security and National
Development

Energy security is very important for development.

Industrial Development:

We need electricity to do a lot of things like
* Manufacturing

* Mining

* Construction

* Transportation

* Digital economies

If we have electricity supplies, energy security and national development will be closely linked.

Poverty Reduction

If people have access to electricity their living standards and economic opportunities will get better.
Electricity access supports a lot of things like

* Small business development

* Agricultural productivity
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* Educational advancement
* Healthcare delivery

Energy security and national development are connected to poverty reduction.
Urbanization and Energy Demand

A lot of people are moving to cities in Ghana, so we need electricity.

Urban infrastructure needs to be expanded all the time to meet the increasing energy demand.
Digital Transformation and Electricity Demand

We are living in an age, so we need stable electricity systems to support our digital economies.

Data centers, telecommunications systems and online services all require electricity to work properly.

If we do not have energy security, it will be hard for Ghana to advance technologically.

5.19 Environmental Sustainability and Natural Resource Management

We need to think about sustainability when we are developing our energy sector.

Environmental Risks Associated with Gas Infrastructure

Gas systems can be bad for the environment in ways, including
* Qas leaks

* Air pollution

* Land degradation

* Water contamination

We need to be careful when we are working with gas infrastructure.
Environmental Regulation

We need to have environmental rules to minimize ecological damage.

We should do assessments before we start big infrastructure projects.
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Climate Adaptation Strategies

We need to be prepared for the effects of climate change so we should
* Flood-resistant infrastructure

* Coastal protection system

* Monitor the environment

* Renewable energy expansion

Energy security and national development require environmental sustainability.

Sustainable Resource Management

We need to manage our natural gas resources in a way to support national development.
This requires

* Transparency

* Environmental protection

* Revenue accountability

* Long-term planning

We should think about the future when we are making decisions about energy security and national
development.

5.20 Expanded Summary of Key Findings
This study looked at the things that affect energy insecurity in the Ghana National Gas Company Limited.

The study found that energy insecurity is caused by interconnected challenges, including structural institutional,
financial, technical and environmental challenges.

Financial Findings

The study found that financial instability is a problem for energy security.

80|Page



MSc 2026: ENERGY RESEARCH: RESEARCH ON A STUDY ON FACTORS AFFECTING

ENERGY INSECURITY. A CASE STUDY ON GHANA NATIONAL GAS

Some of the challenges we face include
* Debt accumulation

* Revenue leakages

* Electricity theft

* Weak tariff systems

* Delayed payments

These financial problems make it hard for us to keep our operations running smoothly and invest in
infrastructure.

Infrastructure Findings

The study also found that infrastructure deficits are a problem for electricity reliability.
Some of the infrastructure challenges we face include

* Aging pipelines

* Weak transmission systems

* Limited storage facilities

* Maintenance delays

* Compressor failures

We need to fix these infrastructure problems to improve energy security and national development.

Governance Findings

The study found that governance challenges also contribute to energy insecurity.
Some of the governance issues we face include

* Corruption

* Political interference

* Weak accountability systems

* Procurement irregularities
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* Institutional fragmentation

We need to address these governance issues to improve energy security and national development.

Environmental Findings
The study found that climate variability and environmental degradation are threats to our infrastructure.

Flooding, coastal erosion and illegal mining activities increase risks and affect energy security and national
development.

Operational Findings

The study found that operational inefficiencies, including equipment breakdowns and gas supply interruptions
disrupt electricity generation.

Broader Developmental Findings

The study also found that energy insecurity has an impact, on
* Economic growth

* Industrial productivity

* Healthcare systems

* Educational institutions

* Household welfare

* Investor confidence

Energy security and national development are connected so we need to address these challenges to improve our
country’s development.

5.21 Final Reflection

Energy security is very paramount for a country to develop.

The study I did shows that Ghana can make its energy use more sustainable by using gas trying out different
kinds of renewable energy updating its technology and changing the way its institutions work.

To make this happen Ghana needs its politicians to make a commitment its financial people to be careful with
money its institutions to be accountable and its planners to think about the term.

82|Page



MSc 2026: ENERGY RESEARCH: RESEARCH ON A STUDY ON FACTORS AFFECTING

ENERGY INSECURITY. A CASE STUDY ON GHANA NATIONAL GAS

Ghana’s energy future depends on whether its policymakers, institutions, investors and citizens can work to fix
the problems in the energy sector.

If Ghana’s energy sector is successful it could help with:
* Industrialization

* Economic growth

* Poverty reduction

* Technological advancement

* Social development

* Environmental sustainability

So, my study is saying that Ghana really needs to make some big changes to its energy system so that it can
provide reliable, affordable and sustainable energy for future generations.

5.22 Comprehensive Wrap-Up of the Study

Developing countries, especially in Sub-Saharan Africa, are struggling with energy insecurity.

Ghana is one of the economies in West Africa and has a relatively high number of people with access to
electricity, but it still has a lot of problems with its energy sector like power outages, operational disruptions and
financial challenges.

My study looked at what's causing energy insecurity in Ghana National Gas Company Limited and how it
affects Ghana’s energy sustainability and national development.

I found out that Ghana National Gas Company Limited is a part of Ghana’s energy system because it supplies a
lot of natural gas for generating electricity.

The company was set up to help Ghana use more of its energy sources reduce its dependence on imported fuels
lower the cost of generating electricity and make its energy supply more secure.

However, with a lot of investment in gas infrastructure and institutional reforms Ghana still experiences
frequent power outages, which are commonly known as "Dumsor."

This shows that energy insecurity in Ghana is not just caused by one thing. By many interconnected problems,
including financial, technical, environmental, operational, institutional and governance challenges.

One of the important things I found out is that financial instability is the biggest contributor to energy insecurity
in Ghana.
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The energy sector has a lot of debt which makes it hard for institutions to operate sustainably and efficiently.

My study showed that the large debts owed to Independent Power Producers and gas suppliers are making it
hard for the electricity sector to operate reliably.

There are also problems with revenue leakages, electricity theft billing inefficiencies and delayed tariff
adjustments, which make the financial situation of energy institutions even worse.

The Electricity Company of Ghana loses a lot of money because of commercial losses, which reduces the
amount of money available to pay power producers and infrastructure operators.

This creates a cycle where institutions struggle to maintain their infrastructure, invest in technology and provide
a reliable electricity supply.

So, my study is saying that without financial sustainability measures it will be very hard for Ghana to achieve
long-term energy security.

Another important thing I found out is that infrastructure deficits and operational inefficiencies are also
problems.

Energy infrastructure is crucial for providing electricity but many parts of Ghanas gas and electricity systems
are old, not well maintained and often disrupted.

My study identified critical infrastructure problems, including:
* Pipeline leakages

» Compressor failures

* Operational shutdowns

* Weak transmission systems

* Inadequate storage facilities

* Limited maintenance capacity

For example, operational shutdowns at the Atuabo Gas Processing Plant often interrupt the gas supply to
thermal power plants, which reduces the reliability of electricity generation.

The findings showed that when it comes to electricity the country’s infrastructure has not kept up with the
growth in demand due to more people moving to cities, industries expanding and the population getting bigger.

This difference between the amount of electricity people. What the system can handle is still putting a lot of
strain on the national electricity system.
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The study also pointed out that making the infrastructure better is not about building more it is also about using
new technologies like digital systems, systems that can predict when maintenance is needed, smart grids and

automated systems to monitor everything.

Using these technologies could really cut down on losses during transmission, make maintenance more efficient
improve how the system is run and make the whole system more reliable.

The study found that another big problem is with how the energy sector's operation and the institutions in
charge.

Things like corruption, not being accountable politicians interfering, problems with how things are bought and
institutions not working well together are all reducing how efficient the energy sector is.

When the institutions are not run well people do not trust them. Private companies are less likely to invest.

People are unhappy about the electricity outages and are questioning if the changes made to the energy sector
and what the government is doing are really working.

The study also showed that when it comes to buying things for projects if they are not done efficiently and if
politicians are involved in the decision-making process, it can delay projects increasing costs and make it hard

to plan for the term.

Also, when institutions like agencies, utility providers and policy institutions do not work well together it
reduces how well they can coordinate and slows down the changes that need to be made to the energy sector.

So having institutions that can make sure everything is transparent, people who are accountable investors are
confident and the system runs well is important.

Environmental and climate-related problems are also a part of why Ghanas energy sector is not secure.
In the past Ghana got most of its electricity from dams like the Akosombo and Kpong dams.

Because of changes in the climate, drought and different rainfall patterns hydroelectric power is not as reliable
as it used to be.

So, Ghana has started to use thermal power generation using natural gas and liquid fuels.

Even though natural gas has improved how much electricity can be generated, the infrastructure for gas is
facing environmental risks, including:

* Flooding
* Coastal erosion
* Pipeline exposure

» Corrosion
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* Environmental degradation

[llegal mining activities in some areas also threaten pipeline systems and the environment in Ghana.

The study shows that we need to think about climate resilience when planning for energy in Ghana.

We should make sure that future infrastructure projects include ways to protect energy systems from risks.
The study also looked at how energy insecurity affects people and the economy.

It found that not having an electricity supply affects almost every part of Ghanaian society.

Businesses are among the affected groups.

Factories, businesses, phone companies and commercial businesses all need a stable electricity supply to keep
running.

When the power goes out a lot it increases costs, reduces productivity, damages equipment and discourages
investment.

Many businesses must use diesel generators to keep running when the power is out.

The cost of fuel for these generators increases expenses. Makes it harder for businesses to compete.
Energy insecurity also affects healthcare.

Hospitals and healthcare facilities need an electricity supply for things like:

* Surgeries procedures

* Emergency care

* Refrigeration of medicines

* Laboratory operation

* Intensive care system.

When the power goes out it creates risks for patients.

Schools and universities are also affected by electricity problems.

They rely more on digital systems, online learning and electronic resources.

Frequent power outages disrupt learning, reduce research productivity and limit access to technology.
The study also found that households face social and economic challenges due to unreliable electricity.

These include:
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* Food spoilage

* Reduces household productivity

* Increased living costs

* Phycological stress

*Lower quality of life

The bigger economic effects of energy insecurity are also significant.

Not having a stable electricity supply reduces output, hurts investor confidence, increases inflation and slows
down economic growth.

The problem of "Dumsor" is not an energy issue, but also a broader development problem that affects the whole
country.

The study looked at how energy insecurity affects men and women and found that women are often affected
more.

Women who run businesses like food vending, tailoring and hair salons often lose income when the power is
out.

Household chores like preserving food, cooking and taking care of children become harder when the electricity
is out.

These findings show how important it is to think about gender when making energy policies.
Another important area the study looked at was the role of energy and diversifying energy sources.
The findings show that relying much on one energy source makes us vulnerable.

Even though natural gas is important for generating electricity in Ghana we need to diversify into energy for
long-term sustainability.

Ghana has a lot of potential, for energy, especially solar energy.

The northern part of Ghana gets a lot of sunlight that can support solar electricity projects.
Investing in energy could help Ghana.

* Reduce the pressure on thermal systems

* Improve energy diversification

* Enhance the climate resilience

* Reduce the greenhouse gas emissions

* Improve the long-term sustainability
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The study found that new technologies can really help improve energy security for Ghana.

Things like grid systems and digital metering can improve

* Operational efficiency

* Revenue collection

* Infrastructure Monitoring

* Demand forecasting

* Transmission management

So, adopting technologies is very important for Ghana’s energy sector to move forward.

The study also said that it is very important to develop the skills of the people working in the energy sector.

Energy systems are very complex. Need highly skilled professionals who can manage them and use new
technologies.

So, training programs and education are very important to make the institutions stronger.

The study also looked at the role of organizations that help Ghana.

Organizations like the International Monetary Fund and the World Bank help Ghana with

* Infrastructure financing

* Technical Assistance

* Policy reform programs

* Renewable energy projects

* Institutional strengthening

So, working with other countries is very important for Ghana’s energy sector to be sustainable in the long term.
The study also said that working with countries in West Africa is very important.

Sharing electricity with countries in West Africa can make the electricity supply more reliable and reduce the
risk of power outages in Ghana.

Trading electricity with countries and working together on infrastructure can help Ghana’s energy sector be
more resilient.
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One of the important things the study found is that energy insecurity is a complex problem.
It cannot be solved with one solution.

Instead, Ghana needs to make changes in areas like

* Financial systems

* Infrastructure systems

 Governance institutions

* Environmental management

* Technology adoption

» Human resource development

* Regional cooperation

So, the study proposed some big changes to improve Ghana’s energy sustainability.

These changes include

Infrastructure Modernization

The government of Ghana should invest a lot of money in
* Pipeline systems

* Transmission infrastructure

* Gas storage facilities

* Smart grids

* Preventive maintenance systems

Financial Reforms

The energy sector in Ghana needs
* Debt restructuring

* Revenue recovery system
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» Anti-theft measure
* Efficient tariff structure

* Financial accountability

Institutional Accountability

The institutions in Ghana’s energy sector should be more
* Transparency

* Procurement oversight

» Accountable to the public

* Anti-corruption measures

» Coordinated with each other

Renewable Energy Development

The government of Ghana should invest more in
* Solar energy

* Wind power

* Biomass systems

» Renewable infrastructure

Climate Resilience

We need to make sure that future energy projects include things like
* Flood protection systems

* Coastal defense measures

* Environmental monitoring

* Climate adaptation strategies
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Technical Capacity Development
We should invest in people by focusing on

* Engineering education

* Technical Training

* Research institutions

* Innovation systems

Digital Transformation
Energy institutions should start using
* Smart metering systems

* Automated monitoring technologies
* Artificial intelligence systems

* Digital billing platforms

If we do these things, it could really improve how reliable our electricity is and help our country develop in the
long term.

The study also found some things that policymakers should know about.

Policymakers need to understand that having a stable energy supply is connected to things like industrialization,
economic transformation, poverty, healthcare, education and technological advancement.

We need an electricity supply to attract investors to support manufacturing and build a strong digital economy.

If we do not fix our energy problems, it could slow down Ghana’s progress and make us less competitive in the
global economy.

The study says that Ghana has a lot of opportunities to improve its energy sustainability because of its natural
gas resources, energy potential, growing technical expertise and strategic location in West Africa.

To make these opportunities happen we need strong political commitment, institutional discipline, financial
responsibility and long-term planning.

We cannot fix Ghana’s energy sector with short-term solutions.
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We need to make changes that improve our infrastructure, institutions and technology.
The future of Ghana’s energy sector depends on people working together including
* Government institutions
* Private investors
* Development partners
* Regulatory agencies
* Researchers
* Professionals
* Citizens
If we can achieve sustainable energy security it could help Ghana achieve its bigger goals, including
* Industrialization
* Economic growth
* Reducing poverty
* Technological advancement
* Creating jobs
* Social transformation
* Environmental sustainability
This project shows that energy security is not about infrastructure but about the future of our country.
The study recommends that future research should look at things like
* Renewable energy integration
* Smart grid technologies
* Artificial intelligence in energy systems
* Climate adaptation in gas infrastructure

* Regional electricity markets
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* Consumer energy behavior
* Sustainable financing mechanisms

We need to keep researching and innovating to build a strong and sustainable energy system that can support
Ghana’s long-term development.
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The UAE has done a job of becoming a big global LNG supplier by
* Making long-term export agreements

* Expanding its LNG infrastructure

* Forming partnerships

* Investing in shipping and logistics

ADNOC Gas exports to more than 20 countries, around the world.
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Recommendation for Ghana

Ghana’s gas sector is mostly used in the country. Ghana can slowly start to look at exporting gas to other
countries in West Africa.

Potential opportunities for Ghana include:
* Regional LNG supply

* ECOWAS gas integration

* Cross-border industrial gas markets

* Regional electricity generation partnerships

This will help Ghana make money and have more influence in the energy sector in West Africa.

12. Building a Culture of Operational Excellence

One of the things that makes the UAE gas system work well is that it is very good at doing its job.
ADNOC says that the following things are important:

* Renewable energy reliability

* Asset integrity

* Performance efficiency

* Innovation

+ Continuous improvement

Recommendation for Ghana

Ghana Gas should work on building a culture of:
* Preventive maintenance
* Professional accountability

* Technical discipline

94 |Page



MSc 2026: ENERGY RESEARCH: RESEARCH ON A STUDY ON FACTORS AFFECTING

ENERGY INSECURITY. A CASE STUDY ON GHANA NATIONAL GAS

* Operational efficiency
* Continuous training

Doing things well is essential for the infrastructure to work properly for a long time.

Final Comparative Reflection

When we compare Ghana National Gas Company Limited to the UAE gas system, we see that having an energy
sector is not just about having a lot of resources.

Even though Ghana has a lot of gas to be successful in the long-term Ghana needs:
* Institutional effectiveness

* Financial sustainability

* Infrastructure modernization

* Technology adoption

* Governance quality

* planning

» Human capital development

The UAE gas model shows us how planning, investing in infrastructure using digital technology being
disciplined in business and doing things very well can help a country change its energy sector.

Ghana may not be able to do everything the way as the UAE because Ghana’s economy is smaller, but the UAE
experience shows Ghana some practical things it can do to improve:

* Electricity reliability

* Gas infrastructure resilience
* Industrial development

* sustainability

* Long-term energy security

If Ghana uses these recommendations, it can make its energy sector stronger and help the country develop in
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other areas like industry, economy, jobs and growth.

5.12 Comprehensive Not having energy is one of the biggest challenges
Ghana faces.

When Ghana National Gas Company Limited was set up it was a step towards using gas in the country and
making electricity more reliable. However, this study shows that Ghana still does not have energy because of
many connected problems.

The study found that not having money is the biggest reason for Ghana’s energy problems.

Owing a lot of money makes it hard for Ghana to keep its operations running and invest in infrastructure.

Not having enough infrastructure makes it even harder to have electricity.

. Pipeline failures

. Operational shutdowns

. Weak transmission systems
. Maintenance delays

The way things are run also makes a big difference in how well energy companies work.

When there are corruption and people are not held accountable it makes it harder for companies to work well
and for people to want to invest.

Changes in the weather and environment also make it hard to keep a supply of energy in the long run.

The study also showed that when people do not have access to energy it affects areas of life such as:

. Businesses

. Industries

. Healthcare systems

. Educational institutions

. Household welfare

. National economic growth
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The constant power outages in Ghana known as "Dumsor" are still causing a lot of problems for the people and
the economy.

So, the study says that to have a supply of energy we need to make big changes in:

. Updating old infrastructure

. Financial discipline

. Using more renewable energy sources
. Holding people accountable

. Developing technical skills

. Being prepared for climate change

Having a steady supply of energy is crucial for Ghana to grow and develop as a country.

Let’s Talk More About Financial Sustainability

Being able to manage money is very important for the energy sector to succeed.

For a time, Ghana’s energy system has struggled because it has a lot of debt and is not run efficiently.
When companies cannot collect money from customers it creates a cycle of problems.

For example, ECG loses a lot of money because of people stealing electricity, illegal connections and billing
mistakes.

These losses mean that ECG does not have money to pay the people who produce electricity and supply gas.
As debt builds up, companies must rely more on the government for help and borrow money.
This makes it hard to attract investors.

So, to be financially sustainable we need:

. Smart billing systems

. Prices that reflect the true cost of energy
. Digital revenue collection systems

. Debt restructuring
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. Better oversight of financial matters

We cannot achieve long-term sustainability without good financial management.

Let’s Talk More About Infrastructure Reliability

Having infrastructure is essential for a steady supply of energy.

The study found that old infrastructure is still a problem in Ghana’s energy sector.

Leaks in pipelines compressor failures and maintenance delays often disrupt the supply of gas to power plants.
Weak transmission systems also cause electricity losses. Make the supply unstable.

So, we should focus on modernizing our infrastructure by:

. Using smart grid systems

. Modernizing transmission lines

. Using digital technologies to monitor and control systems
. Preventive maintenance

. Connecting regional systems

New infrastructure will make our energy supply more efficient and reduce disruptions.

Let’s Talk More About Governance and Transparency
Good governance is critical to the performance of the energy sector.
When companies are not transparent and accountable it creates an environment where corruption can thrive.

People lose trust in energy companies when:

. Procurement irregularities
. Projects are delayed
. Financial irregularities
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. Electricity outages keep happening

So Good Governance Requires:

. procurement systems

. Independent regulatory bodies

. Accountability, to the public

. Strong measures to prevent corruption
. Professional management systems

When companies are credible and trustworthy it attracts investment and improves performance.
Renewable Energy Development is important for Ghana’s energy future.

Ghana has a lot of sunshine, which makes Solar Energy a great option.

if we Invest in Energy, it can do a lot of good things for Ghana, such as:
* Reduce the pressure on our thermal systems

* Help us have a mix of different energy sources

* Make us stronger against climate change

* Reduce the things we release into the air

But to make Renewable Energy work we need:
* To invest in the infrastructure

* To have policies that do not change all the time

* To give people money to help them invest

* To have experts who know what they are doing

So, we should move to Renewable Energy slowly and carefully.

Regional Energy Cooperation is also very important.
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Working with other countries in West Africa can help us have more energy security.

If we work together, we can:

* Share electricity across borders

* Use the infrastructure

* Build pipelines for gas

* Work together on projects

This can help us have electricity that we can rely on and reduce the risk of not having enough energy.
The West African Power Pool is an example of how we can work together.

If we work together more, we can help Ghana have an energy future.

Energy Infrastructure Financing is crucial for Ghana’s energy sector.

We need a lot of money to build projects like gas pipelines and power generation facilities.

Sources of finance include:

* The government support

* External Loans

* Help from other countries

* Partnerships between the government and private companies

* Commercial banks

* Special arrangements for exporting goods

For example, when we built Ghana Gas we got a lot of help from other countries.
Ghana energy sector continues to struggle with:

* Debt accumulation

* Currency depreciation
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* Revenue leakage

* Fear of investors

* Digital revenue monitoring

This can delay our projects and maintenance.

But if we work with companies we can:

* Share the risks

* Get expert advice

* Get more private investors

* Be more efficient

However, we need to have:

* Rules that do not change

* Contracts that are clear

* People who're accountable

* A system for paying for energy that's predictable
To have a sustainable energy system we need to plan for the long term.
We should focus on:

* Maintaining our infrastructure

* Building infrastructure for energy

* Using grid systems

* Using technologies to manage energy

This will help us have electricity that we can rely on.
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Human Resource Capacity and Technical Expertise are essential for Ghana’s
energy sector.

Having the right skills affects:

* How well to maintain infrastructure
* How efficiently to operate

* How safely to work

* Adaptation technologies

* Technical innovative

Many countries do not have experts in the energy sector.
We need people with skills in:

* Petroleum engineering

* Electrical engineering

* Mechanical engineering

* Managing pipelines

* Energy economics

* Environmental management
Training is very important

It can help us:

* Operate our equipment better

* Maintain our equipment better

* Work safer

* Solve problems

Ghana should focus on training people in:
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* Gas processing technologies
* Smart grid systems
* Integrating energy

* Digital monitoring systems

The Role of Universities and Research Institutions in the Energy Sector
Universities are important for the energy sector because they can do things like

* Research and innovation to find ways to do things

* Technical education to teach people the skills they need

* Policy analysis to help the government make decisions

* Engineering development to design and build things

It is important for universities and companies to work together so that we can make new technologies.

5.15 Community Relations and Social License to Operate

When we build energy projects like pipelines and power plants it can affect the people who live nearby
These projects can change the way the land is used and affect the environment and the community
They can also affect the jobs people have and the money they make

It is important to talk to the community and make sure they are okay with what we're doing
Importance of Community Engagement

If we talk to the community and listen to what they have to say it can make people trust us more

It can also help our projects be successful and last a long time

It can help prevent conflicts and keep our equipment safe

Community Expectations

The communities where we build our projects usually expect us to do things like
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* Give them jobs

* Help them with projects that benefit the community

* Build infrastructure like roads and bridges

* Protect the environment

If we do not do these things, it can make the community unhappy and even create security risks
Corporate Social Responsibility

We can do things to help the community and make them like us more
For example, we can

* Give scholarships to students

* Help them with healthcare

* Build schools and other educational buildings

* Give them water and sanitation

If we have good relationships with the community, it can make our operations more stable

5.16 Energy Policy and Regulatory Framework in Ghana
The energy policy in Ghana is like a plan that helps us develop our electricity sector
Major Energy Policies in Ghana

Ghana has made policies that focus on things like

* Using kinds of energy

* Developing renewable energy

* Giving people access to electricity

* Using gas

* Modernizing our infrastructure
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Regulatory Institutions

There are institutions that help regulate the energy sector in Ghana
These institutions include

* The Energy Commission

* The Public Utilities Regulatory Commission

* The Environmental Protection Agency

These institutions are responsible for:

* Giving licenses to companies

* Regulating tariffs

* Ensuring companies operate within the laydown rules

* Setting technical standards

Regulatory Challenges

Even though we have made some changes to the system there are still some challenges
These challenges include

* Politicians interfering with the process

* Not adjusting tariffs often enough

* Not enforcing the rules strongly enough

* Having many institutions doing the same thing

Importance of Policy Stability

Investors need to know that the policy environment is stable and predictable

If the policies keep changing it can make it hard for them to invest in the long term
So having a strong regulatory system is important, for energy security

It helps us make sure that we have a stable supply of energy and that we can develop our energy sector in a way
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that benefits everyone.
5.17 Technology and Innovation in Energy Security

Technology and innovation are changing the way we think about energy security.

Technology and innovation in energy security is really important.

The way we make and use energy is getting better because of technology and innovation in energy security.
Smart Grid Technology is one example of technology and innovation in energy security.

Smart grid systems make electricity distribution better by doing things like:

* Checking on the system all the time

* Finding problems

» Managing how much electricity is being used

* Reducing how much electricity is lost when it is sent to people

Artificial Intelligence and Predictive Maintenance is another example of technology and innovation in energy
security.

Artificial intelligence can improve:

* Watching over the system

* Fixing problems before they happen

* Guessing how much electricity will be needed

» Making sure everything runs smoothly

Digital Metering Systems are also a part of technology and innovation in energy security.
Digital metering systems help by:

* Stopping people from stealing electricity

» Making sure bills are correct

* Helping companies keep their money

Renewable Energy Technology is getting better all the time.

Renewable energy technology is making things like:
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* Solar panels
* Battery storage systems
* Wind turbines

* Energy management systems cheaper

Technology and innovation in energy security is an opportunity for Ghana to improve its energy security.

5.18 The Relationship Between Energy Security and National

Development
Energy security is closely linked to development.
Energy security and national development are connected.

When a country has energy security it can develop faster.

Industrial Development is an area were energy securities are important.

If a country has reliable electricity, it can:

* Make things in factories

* Mine for resources

* Build things

* Transport goods

* Have a strong digital economy

Poverty Reduction is another area where energy security is important.

When people have access to electricity their lives get better.

Electricity access helps with:
» Starting businesses

* Growing more food
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* Getting an education

* Getting good healthcare

Urbanization and Energy Demand is a challenge for many countries.

When people move to cities they need electricity.

So, cities need to keep building infrastructure.

Digital Transformation and Electricity Demand is also important.

Modern digital economies need electricity systems.

Things like data centers, phone systems and online services need electricity all the time.

If a country does not have energy security, it can hurt its development.

5.19 Environmental Sustainability and Natural Resource Management
We need to take care of the environment for long-term energy development.

Environmental sustainability is essential for long-term energy development.

Environmental Risks Associated with Gas Infrastructure is a concern.

Gas systems can hurt the environment in ways including:

* Gas leaks

* Air pollution

» Damaging the land

* Polluting water.

Environmental Regulation

Strong environmental regulation is important to minimize the damage we do to the earth.

We should do assessments before we start big infrastructure projects.
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This will help us to know what kind of damage we might do to the environment.

Climate Adaptation Strategies

We need to come up with ways to deal with the effects of climate change.
Some of the things we can do are:

* Build things that can resist floods

* Protect the coast from damage

* Keep an eye on what's happening to the environment

* Use more renewable energy

Sustainable Resource Management

We need to be careful with natural gas resources so that they can support the country for a long time.
To manage resources in a way we need:

* To be transparent about what we're doing

* To protect the environment

* To make sure we are accountable for the money we make

* To plan for the term

5.20 Expanded Summary of Key Findings
This study looked at the things that affect energy insecurity in the Ghana National Gas Company Limited.

The study found out that energy insecurity is caused by a lot of things that are connected including institutional,
financial, technical and environmental challenges.

Financial Findings
The study found that financial problems are the reason for energy insecurity.
Some of the challenges we found are:
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* Getting too much debt

* Losing money because of revenue leakages
* People stealing electricity

* Systems for paying for electricity

* Delaying payments to people

These financial problems make it hard for the company to keep running and to invest in infrastructure.

Infrastructure Findings

The study found that not having infrastructure is a big problem for electricity reliability.
Some of the infrastructure challenges we found are:

* Pipelines that need to be replaced

* Weak systems for sending electricity

* Not enough places to store things

* Delaying maintenance

* Equipment breaking down

Governance Findings

The study also found that governance challenges are a part of energy insecurity.
Some of the governance issues we found are:

* Corruption

* Politicians interfering with things they should not

* Not being held accountable for things

* Not following the rules when buying things

* Many different institutions do different things

Environmental Findings
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Climate change and environmental damage are still big threats to our infrastructure.

Floods, erosion and illegal mining activities make it harder to operate.

Operational Findings

The study found that not running things efficiently like equipment breaking down and not having gas disrupts
our ability to generate electricity.

Broader Developmental Findings

The study also found that energy insecurity has an impact on:
* The economy growing

* Factories being productive

* Healthcare systems

* Schools

* How well families live

* People wanting to invest in the country

Having electricity outages all the time has big implications, for the whole country.

5.21 Final Reflection

Energy security is important for a country to develop.

The study found out that Ghana can do a lot to make its energy use more sustainable by using gas getting
energy from different renewable sources updating technology and changing the way institutions work.

To have energy security Ghana needs its leaders to make a commitment be careful with money make sure
institutions are accountable and plan for the long term.

Ghana’s energy future depends on whether leaders, institutions, investors and citizens can work to fix the big
problems in the energy sector.

If Ghana’s energy sector is changed for the better, it could help with:

* Industrialization
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* Economic growth
* Reducing poverty
* Advancement
* Social development
* Environmental sustainability

The study shows that Ghana needs to make big changes to its energy system to make sure it is reliable,
affordable and sustainable for future generations.

5.22 Comprehensive Wrap-Up of the Study

Developing countries, especially in Sub-Saharan Africa, are struggling with energy insecurity.

Ghana is one of the economies in West Africa and has a lot of people with access to electricity, but it still has a
lot of problems with its energy sector like power outages, disruptions and financial issues.

This study looked at what's causing energy insecurity in Ghana National Gas Company Limited and how it
affects Ghana’s energy sustainability and development.

Ghana National Gas Company Limited is very important for Ghanas energy sector because it supplies a lot of
gas for generating electricity.

The company was set up to help Ghana use imported fuel; lower electricity costs increase industrial productivity
and have more energy security in the long term.

Even with a lot of investment in gas infrastructure and institutional changes Ghana still has recurring power
outages, known as "Dumsor."

This shows that energy insecurity in Ghana is not just caused by one thing. By many connected financial,
technical, environmental, operational, institutional and governance problems.

One of the findings of the study is that financial instability is the main reason for energy insecurity in Ghana.

The energy sector has a lot of debt, which has severely weakened its ability to operate sustainably and
efficiently.

The study found that the large debts owed to Independent Power Producers and gas suppliers are making it hard
for the electricity sector to operate reliably.

Revenue leakages, electricity theft billing inefficiencies and delayed tariff adjustments are making the financial
situation of energy institutions even worse.
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The Electricity Company of Ghana is losing a lot of money due to commercial losses, which reduces the
revenue available to pay power producers and infrastructure operators.

This financial instability creates a cycle where institutions struggle to maintain infrastructure, invest in
modernization and support an electricity supply.

The findings show that without financial sustainability measures it will be very hard for Ghana to achieve long-
term energy security.

Another important finding of the study is that infrastructure deficits and operational inefficiencies are problems.

Energy infrastructure is critical for electricity, but many parts of Ghana’s gas and electricity systems are old not
well maintained and often disrupted.

The study identified critical infrastructure problems, including:
* Pipeline leakages

* Compressor failures

* Operational shutdowns

*Weak transmission systems

*Inadequate storage facilities

* Limited maintenance capacity

Operational shutdowns at the Atuabo Gas Processing Plant often interrupt gas supply to thermal power plants.
This reduces electricity generation reliability.

The findings also showed that infrastructure expansion has not kept up with the increase in electricity demand.
This increase is due to urbanization, industrialization and population growth.

The mismatch between electricity demand and infrastructure capacity puts pressure on the electricity system.

The study emphasized that infrastructure modernization must go beyond expansion. Modern energy systems
rely on technologies, predictive maintenance systems, smart grids and automated monitoring systems.

The adoption of these technologies can significantly reduce transmission losses. They can also improve
maintenance efficiency, enhance monitoring and strengthen overall system reliability.

Governance and institutional challenges are another factor affecting energy insecurity in Ghana.

The findings showed that corruption, weak accountability systems, political interference, procurement
irregularities and fragmented institutional coordination reduce efficiency within the energy sector.
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Weak governance systems undermine trust. They also discourage investment.

Public dissatisfaction with recurring electricity outages has increased significantly. Many citizens question the
effectiveness of energy sector reforms and government interventions.

The study revealed that procurement inefficiencies and political influence in decision-making often delay
projects. They also increase costs and weaken long-term planning.

Institutional fragmentation between agencies, utility providers and policy institutions reduces coordination. It
also slows implementation of energy reforms.

Strong governance systems are essential for improving transparency, accountability, investor confidence and
operational performance.

Environmental and climate-related risks play a role, in Ghana’s energy insecurity.

Historically Ghana depended heavily on generation from the Akosombo and Kpong dams. However, climate
variability, drought and changing rainfall patterns have reduced the reliability of power.

As a result, Ghana shifted toward power generation fueled by natural gas and liquid fuels.

Although natural gas has improved electricity generation capacity gas infrastructure
faces risks, including:

. Flooding

. Coastal erosion

. Pipeline exposure

. Corrosion

. Environmental degradation

Illegal mining activities threaten pipeline systems and environmental sustainability.
The findings show that climate resilience must be a part of future energy planning in Ghana.
Future infrastructure projects should include climate adaptation strategies to protect energy systems from risks.

The study also looked at the effects of energy insecurity and found that unreliable electricity supply affects
almost every sector of Ghanaian society.

Businesses are among the severely affected groups.
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Manufacturing industries, enterprises, telecommunications companies and commercial businesses all rely
heavily on stable electricity supply to keep operating.

When the power goes out again it increases production costs, reduces productivity, damages equipment and
discourages investment.

Many businesses must depend on diesel generators to keep operating during outages.
The cost of generator fuel increases operational expenses a lot. Reduces competitiveness.

Energy insecurity also affects healthcare systems.

Hospitals and healthcare facilities need electricity supply for things like
* Surgical procedures

* Emergency care

* Refrigeration of medicines

* Laboratory operations

* Intensive care systems.

When the power goes out it creates healthcare risks and threatens patient safety.

Educational institutions are also affected by electricity instability.

Universities, schools and research institutions are using systems, online learning platforms and electronic
resources increasingly.

Frequent outages disrupt learning activities, reduce research productivity and limit access to information
technology.

The study also found that households experience social and economic challenges due to unreliable electricity
supply.

These include:

* Food spoilage

* Reduced household productivity
* Increased living costs

* Psychological stress
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* Reduced quality of life.
The broader economic consequences of energy insecurity are also very significant.

Electricity instability reduces output weakens investor confidence, increases inflationary pressure and slows
economic growth.

The fact that "Dumsor" keeps happening is not an energy challenge, but also a broader developmental issue that
affects national transformation.

The study looked at the gender dimensions of energy insecurity. Found that women often experience
disproportionate effects.

Women who operate businesses like food vending, tailoring, hair salons and cold stores often suffer income
losses during outages.

Household responsibilities like food preservation, cooking and caregiving also become more difficult during
electricity interruptions.

These findings show how important it is to include gender- approaches in energy policy planning.
Another important area the study looked at was the role of energy and energy diversification.
The findings show that relying much on one energy source makes us vulnerable.

Although natural gas is still essential for Ghana’s electricity generation we need to diversify into energy
systems to be sustainable in the long term.

Ghana has a lot of potential for energy, especially solar energy.

Northern Ghana gets a lot of radiation that can support large-scale solar electricity generation.

Investing in energy could:

* Reduce pressure on thermal systems
* Improve energy diversification

* Enhance climate resilience

* Reduce greenhouse gas emissions

* Improve long-term sustainability.

The study also found that technological innovation can improve energy security a lot.
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Smart grid systems, digital metering technologies, predictive maintenance systems and artificial intelligence can
improve

* Efficiency

* Revenue collection

* Infrastructure monitoring

* Demand forecasting

* Transmission management.

So, adopting technology is a part of modernizing the energy sector in the future.

The study also showed that human resource development and technical expertise are very important.
Energy systems need professionals who can manage infrastructure and new technologies.

To strengthen institutions we need training programs, engineering education, technical research and
professional development.

The role of organizations and development partners was also looked at.

Organizations like the International Monetary Fund, World Bank and African
Development Bank help Ghana by:

* Giving money for infrastructure

* Providing help

* Supporting policy changes

* Funding renewable energy projects

« Strengthening institutions

So international cooperation is still important for the long-term sustainability of the energy sector.
The study also stressed the need for cooperation in West Africa.

Regional electricity integration, such, as the West African Power Pool can improve electricity reliability.
Reduce the risk of domestic supply disruptions.

Cross-border electricity trade and regional infrastructure can also improve energy resilience.
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One key finding of this study is that energy insecurity is complex.

Energy insecurity cannot be solved with one solution.

Instead, sustainable energy security requires coordinated reforms in:
* Financial systems

* Infrastructure systems

» Governance institutions

* Environmental management

* Technology adoption

* Human resource development

* Regional cooperation

The study proposed major recommendations to improve Ghana’s energy sustainability.
These recommendations include:

Infrastructure Modernization

The government should prioritize large-scale investment in:
* Pipeline systems

* Transmission infrastructure

* Gas storage facilities

* Smart grids

* Preventive maintenance systems

Financial Reforms

The energy sector requires:

* Debt restructuring

* Revenue recovery systems
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» Anti-theft measures
* tariff structures

* Financial accountability

Energy institutions need to be more accountable.
They should make sure people know what is going on.

They need to watch how they spend money.

They must make sure everyone is held responsible for their actions.
They need to work with other institutions.

Energy institutions should also make sure they are not corrupt.

The government should help invest in kinds of energy.

This includes energy from the sun, wind and plants.

They should also help build systems for using renewable energy.
We need to make sure energy projects can withstand disasters.

This means building systems to protect us from floods.

We also need to protect our coastlines.

We must watch the environment and come up with plans to deal with climate change.
We need to invest in people who work with energy.

This means educating engineers and giving them training.

We should also support people who do research and come up with ideas.
Energy institutions should use technology.

This includes meters and automated systems.
They should use computers to help with decision making.

They should also use systems to send bills to people.
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If we make these changes, we can make energy more reliable.

This will help Ghana develop as a country.

The study I did shows that energy is very important for things.

It is connected to industries, the economy reducing poverty, healthcare, education and new technology.
If we do not have energy, it will be hard for Ghana to grow and compete with other countries.

The study says that Ghana has a lot of potential for energy.

We have gas and can use renewable energy.

We are getting better at using technology. Are in a good location in West Africa.

To make the most of these opportunities we need strong leaders who are committed to making changes.
We need institutions that work well and are responsible with money.

We need to plan for the term.

We cannot just make short-term changes to the energy sector.

We need to make changes that will last.

This includes making our infrastructure better, holding institutions accountable and being more efficient
protecting the environment and using technology.

The future of energy in Ghana depends on people working together.

This includes the government, private businesses, development partners, regulatory agencies, researchers,
technical professionals and citizens.

If we can make energy sustainable it will help Ghana achieve goals.

These include becoming more industrialized, growing the economy, reducing poverty advancing technology,
creating jobs, changing society and protecting the environment.

This project shows that energy security is not about infrastructure.

It is about the future of Ghana and its prosperity.

The study recommends that we keep doing research on issues
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This includes integrating energy using smart grid technologies using artificial intelligence in energy systems
adapting to climate change in gas infrastructure creating regional electricity markets, understanding consumer
behavior and finding sustainable ways to fund energy projects.

We need to keep researching and innovating to build energy systems that can support Ghana’s development.
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