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Part 4 Contemporary issues in petroleum resource utilisation
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1.4.3 Future outlook for petroleum and renewable energy balance

Introduction

Petroleum has long been at the centre of global energy supply, shaping economies, industries,
and even international relations. From powering vehicles to serving as feedstock for countless
industrial processes, its role in the contemporary energy scene cannot be overstated. At the same
time, the distribution of petroleum and natural gas resources across the world, and particularly
within Nigeria, has significant implications for development, sustainability, and energy security.
This Series sets the stage for your study of petroleum chemistry by situating petroleum within
the broader energy landscape and examining how its resources are classified and distributed.
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The aim of this Series is to provide you with a clear understanding of petroleum’s role in the
modern energy scene and to equip you with knowledge of how petroleum and natural gas
resources are classified and distributed globally and nationally.

We shall commence this Series by exploring petroleum in the contemporary energy scene,
focusing on its role in global supply, industrialisation, and comparison with renewable
alternatives. Next, we will examine the nature and classification of petroleum resources,
including their chemical composition and physical properties. Following that, we will move on
to the distribution of petroleum and natural gas resources, considering both global reserves and
the Nigerian context. Finally, we will wrap up by discussing contemporary issues in petroleum
resource utilisation, including environmental concerns, geopolitical implications, and the future
outlook for petroleum alongside renewable energy.

Series Learning Outcomes

Upon completing this Series, you should be able to:

explain the role of petroleum in the contemporary global energy scene,

analyse how petroleum contributes to industrialisation and economic growth,

compare petroleum with renewable energy alternatives in terms of availability and utilisation,

define the nature and classification of petroleum and natural gas resources,

describe the chemical composition and physical properties of petroleum,

evaluate the global distribution of petroleum and natural gas reserves,

examine the distribution and significance of petroleum and natural gas resources in Nigeria,

assess contemporary issues in petroleum resource utilisation, including environmental and
geopolitical concerns,

appraise the future outlook of petroleum in relation to renewable energy development.

1.1 Petroleum in the Contemporary Energy Scene

1.1.1 Role of petroleum in global energy supply

Petroleum refers to naturally occurring liquid hydrocarbons found beneath the earth’s surface,
which are refined into fuels and other products. It remains the dominant source of global energy,
accounting for a significant share of electricity generation, transportation, and industrial heating.
Petroleum’s versatility and relatively high energy density make it indispensable in powering
economies worldwide.

Fill'in the blank: Petroleum remains the dominant source of global , powering
transportation, electricity, and industry.
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Figure 1.1 Petroleum’s share in global energy supply

1.1.2 Petroleum as a driver of industrialisation and economic growth

Petroleum has historically driven industrialisation, which is the process of transforming
economies from agrarian to industrial-based systems. The availability of petroleum fuels such as
petrol, diesel, and kerosene enabled mass production, mechanised agriculture, and rapid
transportation. Countries with abundant petroleum resources often experience accelerated
economic growth due to export revenues and industrial development.

Fill in the blank: The availability of petroleum fuels such as petrol and diesel enabled rapid
and industrialisation.
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Plate 1.1 Petroleum as a driver of industrialisation
1.1.3 Comparison of petroleum with renewable alternatives

While petroleumrdominates the energy scene, renewable energy refers to energy derived from
naturally replenished sources such as solar, wind, and hydropower. Renewables are increasingly
promoted for sustainability and environmental protection. Unlike petroleum, which is finite and
contributes to greenhouse gas emissions, renewable alternatives offer cleaner energy but face
challenges of intermittency and infrastructure costs.

Fill in the blank: Renewable energy sources such as solar and wind are cleaner but face
challenges of and infrastructure costs.

Comparison of petroleum and renewable energy

Petroleum: finite, high energy density, contributes to greenhouse gas emissions.
Renewable energy: sustainable, cleaner, but intermittent and infrastructure-dependent.
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Pilot questions 1.1

What is petroleum and why is it considered the dominant source of global energy?
How has petroleum contributed to industrialisation and economic growth?

Name two petroleum fuels that enabled mass production and mechanised agriculture.
What is renewable energy and how does it differ from petroleum?

Identify one major challenge associated with renewable energy alternatives.

1.2 Nature and Classification of Petroleum Resources

1.2.1 Crude petroleum and natural gas as primary energy sources

Crude petroleum is a naturally occurring liquid mixture of hydrocarbons found beneath the
earth’s surface, which can be refined into fuels and other valuable products. Natural gas is a
gaseous mixture of hydrocarbons, primarily methane, often found alongside petroleum deposits.
Together, they form the backbone of modern energy systems, supplying fuel for transportation,
heating, and electricity generation.

Fill in the blank: Natural gas is primarily composed of ;making it a clean-burning
fuel compared to coal and oil.
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Figure 1.2 Crude petroleum and natural gas as primary energy sources

1.2.2 Chemical composition and physical properties of petroleum

-
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Petroleum is composed mainly of hydrocarbons, which are organic compounds consisting of
hydrogen and carbon atoms. These hydrocarbons can be classified into paraffins (alkanes),
naphthenes (cycloalkanes), and aromatics, each with distinct chemical structures and
properties. The physical properties of petroleum, such as density, viscosity, and boiling point,
vary depending on its composition. These properties determine how petroleum is refined and

used in different applications.

Fill in the blank: The three main classes of hydrocarbons in petroleum are paraffins, naphthenes,

and
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Plate 1.2 Hydrocarbon classes in petroleum

1.2.3 Classification of petroleum based on origin and quality

Petroleum can be classified according to its origin and quality. Origin refers to whether the
petroleum is conventional (formed naturally and extracted directly) or unconventional (such as
shale oil or tar sands, requiring advanced extraction techniques). Quality is often assessed by
API gravity, which measures density relative to water, and sulphur content, which determines
whether petroleum is “sweet” (low sulphur) or “sour” (high sulphur). These classifications
influence refining processes and market value.
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Fill in the blank: Petroleum with low sulphur content is referred to as crude oil.

Classification of petroleum resources

Conventional petroleum: naturally occurring, easily extracted.

Unconventional petroleum: requires advanced extraction methods (e.g., shale oil, tar sands).
Sweet crude: low sulphur content, easier to refine.

Sour crude: high sulphur content, requires more processing.

Pilot questions 1.2

What is crude petroleum and how is it used?

What is the primary component of natural gas?

Name the three main classes of hydrocarbons found in petroleum.
What property is measured by API gravity?

What is the difference between sweet and sour crude oil?

1.3 Distribution of Petroleum and Natural Gas Resources

1.3.1 Global distribution of petroleum reserves

Petroleum reserves are quantities of crude oil that are known to exist and can be extracted
profitably under current technological and economic conditions. These reserves are unevenly
distributed across the world, with the Middle East holding the largest share, followed by regions
such as North America, South-America, Africa, and Asia. The uneven distribution of petroleum
reserves has significant implications for global trade, energy security, and geopolitics.

Fill in the blank: The Middle East holds the largest share of global reserves, making
it central to world energy supply:
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Plate 1.3 Petroleum and natural gas resources in Nigeria

1.3.3 Challenges in resource distribution and accessibility

The distribution of petroleum and natural gas resources is influenced by several challenges.
These include geopolitical tensions, where countries with abundant reserves may use them as
leverage in international relations, and technological limitations, which restrict access to
unconventional reserves such as shale oil and tar sands. Environmental concerns also play a role,
as extraction and transportation can lead to pollution and ecological damage. Accessibility
therefore depends not only on the physical location of reserves but also on political, economic,
and environmental factors.

Fill in'the blank: Accessibility of petroleum resources depends not only on location but also on
, economic, and environmental factors.

Challenges in petroleum resource distribution

-
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Geopolitical tensions: reserves used as leverage in international relations.
Technological limitations: difficulties in accessing unconventional reserves.
Environmental concerns: pollution and ecological damage from extraction and transport.

Pilot questions 1.3

Which region holds the largest share of global petroleum reserves?

Where are Nigeria’s petroleum reserves primarily located?

How do petroleum exports contribute to Nigeria’s economy?

Name one challenge affecting petroleum resource distribution globally.

What factors influence accessibility of petroleum reserves beyond their physical location?

1.4 Contemporary Issues in Petroleum Resource Utilisation

1.4.1 Environmental concerns and sustainability

One of the most pressing issues in petroleum utilisation is its impact on the environment. The
burning of petroleum fuels releases greenhouse gases, which are gases such as carbon dioxide
and methane that trap heat in the atmosphere and contribute to climate change. Petroleum
extraction and refining also cause pollution, including oil spills, gas flaring, and contamination of
water bodies. These environmental concerns have led to calls for more sustainable practices,
including stricter regulations, cleaner technologies, and a gradual shift towards renewable energy
sources.

Fill in the blank: The burning of petroleum fuels releases gases, which contribute to
climate change.
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Figure 1.4 Environmental impacts of petroleum utilisation

1.4.2 Geopolitical and economic implications of petroleum distribution

Petroleum is not only an energy source but also a strategic commodity. Countries with abundant
petroleum reserves often wield significant influence in global politics and economics. For
example, organisations such as OPEC (Organisation of the Petroleum Exporting Countries)
coordinate production levels to influence global oil prices. Fluctuations in petroleum prices can
affect national‘'economies, trade balances, and even political stability. The uneven distribution of

petroleum resources also creates dependency, where importing nations rely heavily on exporting
countries.

Fill.in the blank: Countries with abundant petroleum reserves often wield significant influence in
global and economics.

-
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Plate 1.4 Geopolitical and economic implications of petroleum distribution

1.4.3 Future outlook for petroleum and renewable energy balance

The future of petroleum utilisation is shaped by the growing demand for cleaner energy. While
petroleum will remain important for decades, renewable energy sources such as solar, wind, and
hydropower are increasingly being integrated into energy systems. The challenge lies in
achieving a balance between petroleum and renewables, ensuring energy security while reducing
environmental harm. Many countries are investing in energy transition, which refers to the
gradual shift from fossil fuels to sustainable energy sources.

Fill in the blank: The gradual shift from fossil fuels to sustainable energy sources is known as
transition.
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Future outlook for petroleum and renewable energy

Petroleum will remain important but face competition from renewables.
Energy transition is underway in many countries.
Balance between energy security and sustainability is crucial.

Pilot questions 1.4

What are greenhouse gases and how do they relate to petroleum utilisation?
Name two environmental impacts of petroleum extraction and refining.

What is OPEC and what role does it play in petroleum economics?

How can fluctuations in petroleum prices affect national economies?

What is meant by energy transition in the context of petroleum and renewables?

Series Summary

This Series has introduced petroleum within the wider energy landscape, highlighting its
importance as a dominant global resource and its relevance to Nigeria’s economy. The purpose
was to help you appreciate how petroleum shapes industrialisation, trade, and energy security,
while also preparing you to critically assess.its classification, distribution, and future role in
relation to renewable alternatives.

We began by examining petroleum in the contemporary energy scene, then moved on to its
nature and classification, considering chemical composition, physical properties, and distinctions
such as conventional versus unconventional and sweet versus sour crude. Following that, we
explored the global and Nigerian distribution of petroleum and natural gas reserves, before
addressing contemporary issues including environmental concerns, geopolitical implications, and
the energy transition. In line with the Series Learning Outcomes, you should now be able to
explain petroleum’s role in the global energy scene, analyse its contribution to industrialisation,
define and classify petroleum resources, evaluate their distribution, and assess both current
challenges and the future outlook for petroleum alongside renewables.

Concept Check Questions [Series 1]

Objective Questions

Define petroleum. (Linked to SLO 1.4)

Identify the primary component of natural gas. (Linked to SLO 1.4)

Which region holds the largest share of global petroleum reserves? (Linked to SLO 1.6)

What property is measured by API gravity? (Linked to SLO 1.5)

Petroleum with low sulphur content is referred to as what type of crude oil? (Linked to SLO 1.5)
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Short-Answer Questions

Explain the role of petroleum in the contemporary global energy scene. (Linked to SLO 1.1)

Analyse how petroleum contributes to industrialisation and economic growth. (Linked to SLO 1.2)
Compare petroleum with renewable energy alternatives in terms of sustainability. (Linked to SLO-1.3)
Describe the distribution and significance of petroleum and natural gas resources in Nigeria. (Linked to
SL01.7)

Assess one environmental concern associated with petroleum utilisation. (Linked to SLO-1.8)

Long-Answer Questions

Evaluate the global distribution of petroleum reserves and its implications for energy security. (Linked to
SLO 1.6)

Basic response: Based on Series-only knowledge.
Value-added response: For outstanding learners who go beyond the basics.

Discuss the geopolitical and economic implications of petroleum distribution, with examples. (Linked to
SLO 1.8)

Basic response: Based on Series-only knowledge.
Value-added response: For outstanding learners who go beyond the basics.

Appraise the future outlook of petroleum in relation to renewable energy development. (Linked to SLO
1.9)

Basic response: Based on Series-only knowledge.
Value-added response: For outstanding learners who go beyond the basics.

Answers to Concept Check Questions [Series 1]

Objective Questions

Petroleum is a.naturally occurring liquid mixture of hydrocarbons refined into fuels and other
products.

Methane.

The Middle East.

APl gravity measures the density of petroleum relative to water.

Sweet crude oil.

Short-Answer Questions
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Petroleum plays a dominant role in global energy supply, powering transportation, industry, and
electricity generation.

Petroleum fuels enabled mechanised agriculture, mass production, and rapid transportation, driving
industrialisation and economic growth.

Petroleum is finite and contributes to greenhouse gas emissions, while renewables are cleaner but
intermittent.

Nigeria’s petroleum reserves are concentrated in the Niger Delta, forming the backbone of its economy
through exports.

One major concern is greenhouse gas emissions, which contribute to climate change.

Long-Answer Questions

Basic response: Petroleum reserves are unevenly distributed, with the Middle East holding the
largest share, influencing energy security.

Value-added response: Beyond the Series, this uneven distribution creates geopolitical
dependencies, trade imbalances, and vulnerability to supply disruptions, highlighting the need for
diversification and renewable integration.

Basic response: Petroleum distribution affects global politics and economics, with OPEC
influencing oil prices and trade.

Value-added response: Outstanding learners may add that price fluctuations can destabilise
economies, while resource-rich nations gain leverage in international relations, shaping alliances
and conflicts.

Basic response: Petroleum will remain important; but renewable energy sources are increasingly
integrated into energy systems.

Value-added response: Learners may extend this by discussing energy transition policies,
technological innovations, and global commitments to sustainability, which will gradually reduce
reliance on petroleum.

Answers to Pilot Questions [Series 1]

Answers to Pilot Questions 1.1

Petroleum is a naturally occurring liquid mixture of hydrocarbons refined into fuels and other
products; and it is considered the dominant source of global energy because of its versatility and
high energy density.

Petroleum has contributed to industrialisation and economic growth by enabling mechanised
agriculture, mass production, and rapid transportation.

Petrol'and diesel.

Renewable energy is derived from naturally replenished sources such as solar, wind, and
hydropower, and it differs from petroleum because it is cleaner and sustainable but
intermittent.

One major challenge of renewable energy alternatives is intermittency.

Answers to Pilot Questions 1.2

R
o) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Crude petroleum is a naturally occurring liquid hydrocarbon mixture used for fuels and other
products.

Methane.

Paraffins, naphthenes, and aromatics.

API gravity measures the density of petroleum relative to water.

Sweet crude oil.

Answers to Pilot Questions 1.3

The Middle East.

The Niger Delta.

Petroleum exports provide government revenue and foreign exchange earnings, forming the
backbone of Nigeria’s economy.

Geopolitical tensions.

Accessibility depends on political, economic, and environmental factors.

Answers to Pilot Questions 1.4

Greenhouse gases are gases such as carbon dioxide and methane that trap heat in the atmosphere,
and they are released during petroleum utilisation.

Oil spills and gas flaring.

OPEC (Organisation of the Petroleum Exporting Countries), which coordinates production levels to
influence global oil prices.

Fluctuations in petroleum prices can destabilise national economies and affect trade balances.

Energy transition refers to the gradual shift from fossil fuels to sustainable energy sources.

-
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Series 2: Nature, Classification, and
Composition of Crude Petroleum and
Natural Gases

Part 1 Nature of crude petroleum and natural gas

2.1.1 Origin of crude petroleum and natural gas
2.1.2 Occurrence and geological formation
2.1.3 Primary uses in energy and industry

Part 2 Chemical composition of crude petroleum

2.2.1 Hydrocarbon classes: paraffins, naphthenes, aromatics
2.2.2 Non-hydrocarbon components: sulphur, nitrogen, 0xygen compounds
2.2.3 Implications of composition for refining and utilisation

Part 3 Physical properties of crude petroleum and natural gas

2.3.1 Density and API gravity
2.3.2 Viscosity and boiling point ranges
2.3.3 Gas properties: methane dominance and calorific value

Part 4 Classification of petroleum resources

2.4.1 Conventional versus unconventional petroleum
2.4.2 Sweet versus sour crude oil
2.4.3 Quality indicators and market value

Introduction

In the last Series, we explored petroleum in the contemporary energy scene, its distribution, and
the challenges associated with its utilisation. Building on that foundation, this Series turns our
attention to the very nature of crude petroleum and natural gas, examining what they are made
of, how they are classified, and why their properties are so important. Understanding these
fundamentals is essential, as they form the basis for refining processes, product quality, and the
broader applications of petroleum chemistry.

The aim of this Series is to equip you with the knowledge to define the nature of crude petroleum

and natural gas, describe their chemical composition and physical properties, and classify
petroleum resources according to origin and quality.
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We shall commence this Series by exploring the nature of crude petroleum and natural gas,
focusing on their origin, occurrence, and uses. Next, we will examine the chemical composition
of crude petroleum, considering the different classes of hydrocarbons and non-hydrocarbon
components. Following that, we will continue with the physical properties of crude petroleum
and natural gas, such as density, viscosity, and calorific value. Finally, we will wrap up by
studying the classification of petroleum resources, distinguishing between conventional and
unconventional types, and sweet versus sour crude oils.

Series Learning Outcomes

Upon completing this Series, you should be able to:

define the origin and occurrence of crude petroleum and natural gas

explain the geological formation processes of petroleum/and natural gas deposits

describe the primary uses of crude petroleum and natural gasin energy and industry

classify the hydrocarbon components of crude petroleum into paraffins, naphthenes, and
aromatics

identify the non-hydrocarbon components of crude petroleum such as sulphur, nitrogen, and
oxygen compounds

analyse how the chemical composition of petroleum influences refining and utilisation

explain the physical properties of crude petroleum including density, viscosity, and boiling
point ranges

describe the properties of natural gas with emphasis on methane dominance and calorific
value

distinguish between conventional and unconventional petroleum resources

evaluate petroleum quality indicators such as API gravity and sulphur content in relation to
market value

2.1 Nature of Crude Petroleum and Natural Gas

2.1.1 Origin of crude petroleum and natural gas

Crude petroleum is a naturally occurring liquid mixture of hydrocarbons formed from the
remains of ancient plants and animals buried under sedimentary rocks. Over millions of years,
heat and pressure transformed this organic matter into petroleum. Natural gas is a gaseous
hydrocarbon mixture, primarily methane, often found alongside petroleum deposits. Both
resources are classified as fossil fuels because they originate from organic matter preserved in
geological formations.

Fill in the blank: Crude petroleum and natural gas are classified as fuels because
they originate from ancient organic matter.
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Figure 2.1 Formation of crude petroleum and natural gas

2.1.2 Occurrence and geological formation

Petroleum and natural gas occur in-reservoirs, which are porous rock formations that trap
hydrocarbons beneath impermeable layers. These reservoirs are formed through geological
processes such as sedimentation, folding, and faulting. The hydrocarbons migrate from source
rocks to reservoir rocks, where they accumulate. Exploration techniques such as seismic surveys
and drilling are used to locate these deposits.

Filldn the blank: Hydrocarbons migrate from source rocks to rocks, where they
accumulate in reservoirs.
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Plate 2.1 Geological occurrence of petroleum reservoirs

2.1.3 Primary uses in energy and industry

Petroleum and natural gas are vital to modern society. Petroleum is refined into fuels such as
petrol, diesel, and kerosene, which power transportation and industry. Natural gas is widely used
for electricity generation, heating, and as feedstock in the production of fertilisers and chemicals.
Their versatility makes them indispensable to both energy supply and industrial processes.

Fill in the blank: Natural.gas is widely used for electricity generation, heating, and as feedstock
in the production of

Primary uses of petroleum and natural gas

Petroleum: fuels for transportation and industry (petrol, diesel, kerosene).
Natural gas: electricity generation, heating, fertiliser and chemical production.

Pilot questions 2.1

What is crude petroleum and how is it formed?
What is the primary component of natural gas?
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Where do petroleum and natural gas occur geologically?
What are reservoir rocks and why are they important?
Mention two primary uses of natural gas in industry.

2.2 Chemical Composition of Crude Petroleum

2.2.1 Hydrocarbon classes: paraffins, naphthenes, and aromatics

Hydrocarbons are organic compounds made up of hydrogen and carbon atoms: They form the
bulk of crude petroleum and are classified into three main groups: paraffins (alkanes), which
are straight or branched chains of hydrocarbons; naphthenes (cycloalkanes), which are ring-
shaped hydrocarbons; and arematics, which contain benzene rings and are often associated with
higher octane ratings in fuels. Each class has distinct chemical structures and properties that
influence refining processes and product applications.

Fill in the blank: Hydrocarbons with ring-shaped structures are called
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Plate 2.2 Hydrocarbon classes in crude petroleum

2.2.2 Non-hydrocarbon components: sulphur, nitrogen, and oxygen compounds
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In addition to hydrocarbons, crude petroleum contains non-hydrocarbon components such as
sulphur, nitrogen, and oxygen compounds. Sulphur compounds can cause corrosion in pipelines
and refining equipment, and contribute to air pollution when fuels are burned. Nitrogen
compounds may interfere with refining catalysts, while oxygen compounds can affect stability
and storage. These impurities must be removed or reduced during refining to improve fuel
quality and meet environmental standards.

Fill in the blank:
to air pollution.

compounds in crude petroleum can cause corrosion and Contribute

IMPURITIES IN CRUDE PETROLEUM

SULPHUR, NITROGEN & OXYGEN COMPOUNDS

1. SULSHUR 2. NITROIGEN 3. OXYGEN
COMPOUNDS COMPOUNDS COMPOUND
(Corrosive & Polluting) (Catalast Poisons) Gum & Sediment Formation
H—H 0 2
HO A OH
I =
0 N OH -OH OH
H—O
THIEREE QUINLINE PHENOL
HYDROGEN SHPLLIDE (H,s) (CgHayN) NAPTHENIC ACID (R-COOH)

Common Examples:

* Thiols, Sulfides, Thiophenes
» Corrodes equipment

* SOx emissions (Acid Rain)

Common Examples:

* Pyridines, Quinolines
* Deactivates catlylsts

* Nox emissions (Smog)

Common Examples:

* Phenols, Napathenic Acids

* Forms gums/sedients

* Corrosive in presence of
water

CHEMICAL ENGINEERING VISUALIZATION OF PETROLEUM CHEMISTRY

Figure 2.2 Non-hydrocarbon components of crude petroleum

2.2.3 Implications of composition for refining and utilisation

The chemical composition of crude petroleum directly affects its refining and utilisation. Light
crude oils, rich in paraffins, are easier to refine and yield more valuable products such as petrol
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and diesel. Heavy crude oils, with higher proportions of aromatics and non-hydrocarbon
compounds, require more complex refining processes and produce heavier products like
bitumen. The presence of impurities such as sulphur also influences market value, as low-sulphur
“sweet” crude is more desirable than high-sulphur “sour” crude.

Fill in the blank: Crude oils with low sulphur content are referred to as crude oils.

Implications of crude petroleum composition

Light crude: rich in paraffins, easier to refine, yields petrol and diesel.

Heavy crude: rich in aromatics and impurities, harder to refine, yields heavier products.
Sweet crude: low sulphur content, higher market value.

Sour crude: high sulphur content, requires more processing.

Pilot questions 2.2

What are the three main classes of hydrocarbons in crude petroleum?

Which non-hydrocarbon compound in crude petroleum can cause corrosion and air pollution?
How do paraffins differ from aromatics in terms of refining value?

What type of crude oil is easier to refine and yields more petrol and diesel?

Why is sweet crude oil more desirable than sour crude oil?

2.3 Physical Properties of Crude Petroleum and Natural Gas
2.3.1 Density and API gravity

Density is the mass of petroleum per unit volume, usually expressed in kilograms per cubic
metre. It is a fundamental property that influences how petroleum is stored, transported, and
refined. API gravity is @ measure developed by the American Petroleum Institute to compare the
density of petroleum to that of water. Crude oils with higher API gravity are lighter and
generally more valuable, while those with lower API gravity are heavier and more difficult to
refine.

FilLin the blank: Crude oils with higher API gravity are considered and generally
more valuable.

R
o) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



CRUDE OIL CLASSIFICATION:
DENSITY & API GRAVITY

Relationship for Light, Medium, and Heavy Crude Oils
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Key Concepts:
e Lighter crude oils yield more valuable products.
* Density is mass per unit volume.

Figure 2.3 Density and API gravity of crude oils

2.3.2 Viscosity and boiling point ranges

Viscosity refers to the resistance of petroleum to flow. Light crude oils have low viscosity and
flow easily, while heavy crude oils have high viscosity and require heating or dilution for
transport. Boiling point ranges are critical in refining, as crude petroleum is separated into
fractions such as petrol, diesel, and kerosene through fractional distillation. Each fraction
corresponds to a specific boiling point range, which determines its industrial application.

Fill in the blank: Crude petroleum is separated into fractions such as petrol and diesel through
distillation.
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CRUDE PETROLEUM FRACTIONATION:
Separating Hydrocboans by Boiling Point
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Plate 2.3 Fractional distillation of crude petroleum

2.3.3 Gas properties: methane dominance and calorific value

Natural-gas is composed primarily of methane, a simple hydrocarbon with one carbon atom and
four hydrogen atoms. Methane is clean-burning and produces less carbon dioxide compared to
other fossil fuels. The calorific value of natural gas refers to the amount of energy released when
a given volume 1s burned. This property makes natural gas highly efficient for electricity
generation, heating, and industrial processes.

Fill in the blank: The main component of natural gas is , which is clean-burning and
energy-rich.

Properties of natural gas

Main component: methane (CH,).
Clean-burning fuel with lower carbon dioxide emissions.

-
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High calorific value, making it efficient for energy generation.

Pilot questions 2.3

What is API gravity and why is it important in classifying crude oils?

How does viscosity affect the transport of crude petroleum?

What process is used to separate crude petroleum into fractions based on boiling point ranges?
What is the main component of natural gas?

Why is the calorific value of natural gas significant in energy utilisation?

2.4 Classification of Petroleum Resources

2.4.1 Conventional versus unconventional petroleum

Conventional petroleum refers to crude oil and natural gas that can be extracted directly from
reservoirs using traditional drilling methods. These resources are relatively easy to access and
refine. In contrast, unconventional petroleum includes sources such as shale oil, tar sands, and
tight gas, which require advanced technologies like hydraulic fracturing or thermal extraction.
The distinction between conventional and unconventional petroleum is important because it
affects production costs, environmental impacts, and long-term energy planning.

Fill in the blank: Petroleum resources that require advanced technologies such as hydraulic
fracturing are classified as petroleum.
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PETROLEUM RESERVOR TYPES:
CONVENTIONAL vs. UNCUNAINTIONAL

1. CONVENTIONAL RESERSORS
(0il & Gas Traps)
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‘(CRUDE OIL)

SOURCE ROCK
SOURCE ROCK
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» Easy to extract (flows freely)
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2. UNCOINTIONAL SOURCES
(Shale 0il & Tar Sands)

SHALE OIL/GAS
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Dispersed in rock/sand
Difficult to extract (non-free flowing)
Requires specialized tech (fracking/mining
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CHEMICAL ENGINEERING VISUALIZATION OF HYDROCRBAN SOURCES

Figure 2.4 Conventional versus unconventional petroleum resources

2.4.2 Sweet versus sour crude oil

Crude oil is also classified based on its sulphur content. Sweet crude oil contains less than
0.5% sulphur and is easier to refine, producing cleaner fuels with lower environmental impact.
Sour crude oil, on the other hand, has higher sulphur content and requires more complex
refining processes to remove impurities. The classification of crude oil into sweet and sour
directly influences its market value, with sweet crude generally commanding higher prices.

Fill in the blank: Crude oil with less than 0.5% sulphur content is referred to as
crude oil.
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CRUDE OIL REFINING PROCESSES:
SWEET VS. SOUR
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Key Takeaway: Sour crude processing requires additional, costly desulfuization units

Plate 2.4 Refining sweet versus sour crude oil

2.4.3 Quality indicators and market value

The quality of petroleum is assessed using quality indicators such as API gravity and sulphur
content. API gravity measures the density of crude oil relative to water, with lighter oils being
more desirable. Sulphur content determines whether crude is sweet or sour, influencing refining
costs and environmental compliance. Together, these indicators determine the market value of
petroleum, as lighter, sweet crudes are more profitable and environmentally friendly compared to
heavier, sour crudes.

Fill in the blank: Crude oils with higher API gravity are lighter and generally more
in the market.

Petroleum quality indicators and market value

API gravity: higher values indicate lighter, more desirable crude.
Sulphur content: lower values indicate sweet crude, easier to refine.
Market value: influenced by both density and sulphur content.
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Pilot questions 2.4

What is the difference between conventional and unconventional petroleum resources?
Which type of crude oil contains less than 0.5% sulphur?

Why is sweet crude oil generally more valuable than sour crude oil?

What does API gravity measure in crude petroleum?

How do quality indicators influence the market value of petroleum?

Series Summary

This Series has focused on the fundamental aspects of crude petroleum and natural gas, helping
you to appreciate their nature, composition, properties, and classification. Its purpose was to
provide a clear understanding of what these resources are made of, how they behave, and how
they are categorised, which is essential for refining, utilisation, and energy planning.

We began by examining the origin, occurrence, and uses of crude petroleum and natural gas,
then moved on to their chemical composition, highlighting hydrocarbon classes and non-
hydrocarbon impurities. Following that, we explored physical properties such as density,
viscosity, boiling point ranges, and the calorific value of natural gas. Finally, we considered the
classification of petroleum resources, distinguishing between conventional and unconventional
types, as well as sweet and sour crude oils. In line with the Series Learning Outcomes, you
should now be able to define and explain the origin and occurrence of petroleum, classify its
chemical components, analyse how composition affects refining, describe its physical properties,
and evaluate quality indicators that determine market value.

Concept Check Questions [Series 2]

Objective Questions

Define crude petroleum. (Linked to SLO 2.1)

Identify the main component of natural gas. (Linked to SLO 2.8)

Which hydrocarbon class in crude petroleum has ring-shaped structures? (Linked to SLO 2.4)

What is the sulphur content threshold that distinguishes sweet crude oil from sour crude oil? (Linked
to SLO 2.9)

API gravity is used to measure what property of crude petroleum? (Linked to SLO 2.10)

Short-Answer Questions
Explain how petroleum and natural gas are formed geologically. (Linked to SLO 2.2)
Describe two primary uses of crude petroleum in industry. (Linked to SLO 2.3)

Compare paraffins and aromatics in terms of refining value. (Linked to SLO 2.6)
Analyse how viscosity affects the transport of crude petroleum. (Linked to SLO 2.7)
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Distinguish between conventional and unconventional petroleum resources. (Linked to SLO 2.9)

Long-Answer Questions

Evaluate the implications of non-hydrocarbon components such as sulphur and nitrogen for refining
processes. (Linked to SLO 2.5)

Basic response: Based on Series-only knowledge.
Value-added response: For outstanding learners who go beyond the basics.

Discuss the physical properties of crude petroleum and natural gas and their significance in utilisation.
(Linked to SLO 2.7, SLO 2.8)

Basic response: Based on Series-only knowledge.
Value-added response: For outstanding learners who go beyond the basics.

Appraise the role of petroleum quality indicators such as APl gravity.and sulphur content in determining
market value. (Linked to SLO 2.10)

Basic response: Based on Series-only knowledge.
Value-added response: For outstanding learners who go beyond the basics.

Answers to Concept Check Questions [Series 2]

Objective Questions

Crude petroleum is a naturally occurring liquid mixture of hydrocarbons formed from ancient
organic matter.

Methane.

Naphthenes (cycloalkanes).

Less than 0.5% sulphur content.

Density of ‘crude petroleum relative to water.

Short-Answer Questions

Petroleum and natural gas are formed from organic matter buried under sedimentary rocks,
transformed by heat and pressure over millions of years.

Fuels for transportation (petrol, diesel) and industrial feedstock (chemicals, plastics).

Paraffins are straight or branched hydrocarbons that refine easily into fuels, while aromatics contain
benzene rings and are associated with higher octane but more complex refining.

High viscosity makes crude petroleum harder to transport, requiring heating or dilution, while low
viscosity allows easy flow.

Conventional petroleum is extracted using traditional drilling methods, while unconventional petroleum
requires advanced technologies such as hydraulic fracturing or thermal extraction.

-
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Long-Answer Questions

Basic response: Non-hydrocarbon components such as sulphur and nitrogen cause corrosion,
pollution, and interfere with refining catalysts.

Value-added response: Beyond the Series, learners may note that sulphur removal increases
refining costs, nitrogen compounds reduce catalyst efficiency, and environmental regulations
make managing these impurities critical for competitiveness.

Basic response: Physical properties include density, viscosity, boiling point ranges, and calorific
value, which determine refining and utilisation.

Value-added response: Outstanding learners may add that these properties influence pipeline
design, refining complexity, energy efficiency, and environmental performance, shapingboth
technical and economic decisions.

Basic response: API gravity and sulphur content classify crude oils as light or heavy, sweet or
sour, influencing market value.

Value-added response: Learners may extend this by discussing how global demand favours
lighter, sweet crudes, how refining margins depend on these indicators,.and how environmental
policies increasingly reward cleaner fuels.

Answers to Pilot Questions [Series 2]

Answers to Pilot Questions 2.1

Crude petroleum is a naturally occurring liquid mixture of hydrocarbons formed from ancient
organic matter.

Methane.

Petroleum and natural gas occur in reservoirs within porous rocks beneath impermeable layers.

Reservoir rocks are porous formations that trap hydrocarbons and allow their accumulation.

Fertilisers.

Answers to Pilot Questions 2.2

Paraffins, naphthenes, and aromatics.

Sulphur.

Paraffins are straight or branched hydrocarbons that refine easily, while aromatics contain benzene
rings and are more complex to refine.

Light crude oil.

Sweet crude oil is more desirable because it has low sulphur content, making it easier to refine and
environmentally cleaner.
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Answers to Pilot Questions 2.3

API gravity measures the density of crude oil relative to water and helps classify oils as light or
heavy.

High viscosity makes crude petroleum harder to transport, while low viscosity allows easier flow:

Fractional distillation.

Methane.

The calorific value indicates the energy released when natural gas is burned, making it efficient for
energy utilisation.

Answers to Pilot Questions 2.4

Conventional petroleum is extracted using traditional drilling methods, while unconventional
petroleum requires advanced technologies such as hydraulic fracturing or thermal extraction.

Sweet crude oil.

Sweet crude oil is easier to refine, produces cleaner fuels, and has higher market value.

API gravity measures the density of crude petroleum relative to water.

Quality indicators such as API gravity and sulphur content determine refining costs, environmental
compliance, and market value.

Series 3: Refinery Processes, Petroleum
Products, and Petrochemicals

Part 1 Refinery processes

3.1.1 Overview of refining operations

3.1.2 Primary processes: atmospheric and vacuum distillation
3.1.3 Secondary processes: cracking, reforming, coking

3.1.4 Treatment processes: desulphurisation, hydrotreating

Part 2 Petroleum products
3.2.1 Fuels: petrol, diesel, kerosene, jet fuel
3.2.2 Lubricants and waxes
3.2.3 Asphalt and bitumen
3.2.4 Petrochemical feedstocks

Part 3 Petrochemicals and industrial applications
3.3.1 Basic petrochemicals: olefins, aromatics

3.3.2 Derivatives: plastics, synthetic fibres, fertilisers
3.3.3 Role in modern industry and economy
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Introduction

In the last Series, we examined the nature, composition, and classification of crude petroleum
and natural gas, laying the foundation for understanding their properties and value. Building on
that knowledge, this Series turns to what happens after crude petroleum is extracted. Refining
processes transform raw petroleum into usable products, while petrochemicals derived from
these processes serve as the backbone of modern industry. This makes the Series highly relevant,
as it connects the science of petroleum chemistry to everyday applications and industrial
development.

The aim of this Series is to introduce you to the key refinery processes, familiarise you with the
range of petroleum products, and highlight the importance of petrochemicals in industrial and
economic contexts. By the end, you will be able to explain how erude petroleum is refined,
identify its major products, and evaluate the role of petrochemicals in modern society.

We shall commence this Series by exploring refinery processes, beginning with primary
operations such as distillation and continuing with secondary and treatment processes like
cracking, reforming, and desulphurisation. Next, we will examine petroleum products, including
fuels, lubricants, waxes, asphalt, and petrochemical feedstocks. Finally, we will wrap up by
studying petrochemicals and their industrial applications, focusing on basic petrochemicals such
as olefins and aromatics, their derivatives, and their role in shaping industries and economies
worldwide.

Series Learning Outcomes

Upon completing this Series, you should be able to:

describe the primary refinery processes including atmospheric and vacuum distillation,
explain secondary refinery processes such as cracking, reforming, and coking,

analyse treatment processes including desulphurisation and hydrotreating,

identify the major petroleum fuels such as petrol, diesel, kerosene, and jet fuel,

classify non-fuel petroleum products including lubricants, waxes, asphalt, and bitumen,
explain the role of petroleum as a feedstock for petrochemicals,

define basic petrochemicals such as olefins and aromatics,

describe derivatives of petrochemicals including plastics, synthetic fibres, and fertilisers,
evaluate the significance of petrochemicals in modern industry and the global economy.

3.1 Refinery Processes
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3.1.1 Overview of refining operations

Refining is the process of converting crude petroleum into useful products such as fuels,
lubricants, and petrochemical feedstocks. It involves a series of physical and chemical operations
designed to separate, transform, and purify hydrocarbons. The refining industry plays a critical
role in ensuring that crude oil, which is a complex mixture, is transformed into products that
meet industrial and consumer needs.

Fill in the blank: Refining is the process of converting into useful products such as
fuels and lubricants.

PETIOLEUM REFINERY OPERATIONS FLOW

FROM CRUDE OIL INPUT TO FINAL PRODUCTS

1. CRUDE OIL INPUT (Fuels & Petrochanicals)
(Tanker/Pipeline)

A. SEPARATION B. CONVERSTION C. TREATING

- &= Gasoline/Petrol

| | (=
ﬂmcg.f#av,f H HE NATURAL @ Diesel Jet Fuel

H1- (Hesnl Catalytic Cracking Desulfurzation B i Keresone/Fuel Oil
(Heat) (Remove Impurites)

— (Heat - 44 LPG (Propane/Butane)
Cracking, Reforming
(Break/Rresilsaring)
(Break/Reeaarrge
FURMNCE Molecules)

SOURCE ROCK

E Lubraclnicral Feedstocks
(Plastics, Chemicals)

CHEMICAL ENGINEERING VISUALIZATION OF HYDROCRBAN SOURCES

Figure 3.1 Overview of refinery operations

3.1.2 Primary processes: atmospheric and vacuum distillation
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Atmospheric distillation is the first step in refining, where crude oil is heated and separated into
fractions based on boiling point ranges. Lighter fractions such as petrol and kerosene rise to the
top of the distillation column, while heavier fractions remain at the bottom. Vacuum distillation
is used for heavier fractions that cannot be distilled at atmospheric pressure without
decomposing. By lowering the pressure, these fractions can be separated safely into products
such as lubricating oils and bitumen.

Fill in the blank: Heavy fractions that cannot be distilled at atmospheric pressure are separated
using distillation.

PETROLEUM REFINERY: ATMOSHERIC & VACUUM DISTILLATION
Separaing Crude Qil into Useful Products by Boiling Point

1. ATMOSPHERIC el
DISTILLATION TOWER il 2 VACUUM
Er DISTILLATION

Further Separation of
Heavy Components

7
&5 & REFINERY GASES

Oé NAPTHA i GRADIENT: Reduced Pressure (<50 mmHg)
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- ‘ Cold (357 top i;:
57 KEROONE / JET FUEL o 5 VACUM GAS OIL (VGO0)

/m\ DIESEL / GAS OIL N1 LUBE OIL BASE STOCKS

ATMOSHERIC RESIDUE i VACUM RESIDUE / ASPHALT

CRUDE OIL FEED
259

A Two-Stage Process to Maximiize Yield of Valuable
Hydrcoboan Fractions

Plate 3.1 Atmospheric and vacuum distillation towers
3.1.3 Secondary processes: cracking, reforming, coking

Cracking is a process that breaks down heavy hydrocarbons into lighter, more valuable products
such as petrol and diesel. It can be thermal (using heat) or catalytic (using catalysts). Reforming
rearranges hydrocarbon molecules to improve fuel quality, often increasing the octane number of
petrol. Coking converts heavy residues into lighter products and solid petroleum coke, which
can be used as a fuel or industrial material. These secondary processes enhance the yield and
quality of refinery products.
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Fill in the blank: The process that increases the octane number of petrol by rearranging
hydrocarbon molecules is called

CRUDE OIL REFINERY UPGRADING PROCESSES:
Converting Heavy Hydrocrbbons

1. CRACKING
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Figure 3.2 Secondary refinery processes

Breaks large molecules into
smalller, more valuable
hydrocbbons using heat,
catalst, and pressure.

3.1.4 Treatment processes: desulphurisation and hydrotreating

Desulphurisation is the removal of sulphur compounds from petroleum fractions to reduce
corrosion and environmental pollution. Hydrotreating is a catalytic process that removes
impurities such as sulphur, nitrogen, and metals by reacting them with hydrogen. These
treatment processes are essential for producing cleaner fuels that comply with environmental
regulations and improve engine performance.

Fill in the blank: The catalytic process that removes impurities such as sulphur and nitrogen by
reacting them with hydrogen is called

Treatment processes in petroleum refining
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Desulphurisation: removes sulphur compounds to reduce pollution.
Hydrotreating: removes sulphur, nitrogen, and metals using hydrogen.
Purpose: ensures cleaner fuels and compliance with environmental standards.

Pilot questions 3.1

What is refining and why is it important?

What is the difference between atmospheric and vacuum distillation?
Which process breaks down heavy hydrocarbons into lighter products?
What process increases the octane number of petrol?

What is the purpose of hydrotreating in petroleum refining?

3.2 Petroleum Products

3.2.1 Fuels: petrol, diesel, kerosene, jet fuel

Fuels are the most important products ‘of petroleum refining, providing energy for transportation,
heating, and industry. Petrol (gasoline) 1s a light fraction used mainly in spark-ignition engines.
Diesel is a heavier fraction used in compression-ignition engines, valued for its efficiency in
transport and machinery. Kerosene is'a middle distillate used for heating, lighting, and as jet
fuel. Jet fuel, derived from kerosene fractions, is specially treated to meet aviation standards.

Fill in the blank: The fuel used in spark-ignition engines is called
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PETOLEUM FRACTIONAL DISTILLATION: FUEL PRODUCTION
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CHEMICAL ENGINEERING VISUALIZATION OF REFINERY PRODUCTS

Figure 3.2 Petroleum fuel fractions from crude oil
3.2.2 Lubricants and waxes

Lubricants are petroleum products designed to reduce friction between moving parts in engines
and machinery. They are produced from heavier fractions and blended with additives to improve
performance. Waxes are.solid hydrocarbons obtained from petroleum residues, used in candles,
polishes, and packaging. Both lubricants and waxes are essential in industrial and domestic
applications.

Fill in the blank: Petroleum products that reduce friction between moving parts are called

R
o) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



1. LUBIRCATING OIL
(ENGINE LUBRCIANTS)
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2. WAX PRODUCTS
(PARAFFIN WAX)
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Visualizing diverse end-uses of petroleum-derrived products

Plate 3.2 Lubricants and waxes from petroleum

3.2.3 Asphalt and bitumen

Asphalt and bitumen are heavy petroleum residues used primarily in road construction and
roofing. Bitumen 1s a viscous material that binds aggregates in road surfaces, while asphalt refers
to mixtures of bitumen with sand and gravel. These products are vital for infrastructure
development and are valued for their durability and water resistance.

Fill in the blank: The viscous petroleum residue used to bind aggregates in road construction is

called
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BITIMEN APPLICATIONS:
Building Infrastucture & Protection
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Figure 3.3 Applications of asphalt and bitumen
3.2.4 Petrochemical feedstocks

Petrochemical feedstocks are petroleum fractions used as raw materials for producing
chemicals and industrial products. Light hydrocarbons such as ethane, propane, and naphtha
serve as feedstocks for petrochemicals. These are processed to produce olefins (ethylene,
propylene) and arematics (benzene, toluene, xylene), which are then converted into plastics,
fibres, fertilisers, and other industrial materials.

Fill‘in the blank: Light hydrocarbons such as ethane and propane are used as for
petrochemicals.

Petrochemical feedstocks from petroleum

Ethane and propane: used to produce olefins.
Naphtha: used to produce aromatics.
Feedstocks form the basis of plastics, fibres, and fertilisers.

Pilot questions 3.2
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Which fuel is used in spark-ignition engines?

What petroleum product reduces friction between moving parts?
What is bitumen primarily used for?

Name two light hydrocarbons that serve as petrochemical feedstocks.
What are olefins and aromatics used to produce?

3.3 Petrochemicals and Industrial Applications

3.3.1 Basic petrochemicals: olefins and aromatics

Petrochemicals are chemical products derived from petroleum fractions such as naphtha, ethane,
and propane. The two main categories are olefins, which are hydrocarbons containing double
bonds (e.g., ethylene, propylene, butadiene), and aromatics, which are hydrocarbons with
benzene rings (e.g., benzene, toluene, xylene). Olefins are widely used to produce plastics and
synthetic fibres, while aromatics serve as precursors for detergents, dyes, and pharmaceuticals.

Fill in the blank: Hydrocarbons containing double bonds, such as ethylene and propylene, are
classified as

HYDROCARBON MOLECULAR STRUCTURES:
OLEFINS & AROMATICS

1. OLEFINS 2. AROMATICS
(Alkenes) OH
OH
HO OH
OH
ETHEYLINE BENZENE
PROPYELINE (CH,) (CeHe)
= Unsutrated, chain-like = Unsutirated, cyclic
= Contains C-C double bonds = Delocasized electrons
= High reativity - Stable but reative
Industrial Uses: Common Uses:
= Plastics (Polyothenine, Propophayine) = Solvents (Xyelne)
= Rubbers, Solvents = Pharmaceuticals, Dyes
* Rubbers, Solvents - Plastics (Styrene, (Smog)

Y

CHEMICAL ENGINEERING VISUALIZATION OF HTECYABON COMPOUNDS
Figure 3.4 Basic petrochemicals: olefins and aromatics

3.3.2 Derivatives: plastics, synthetic fibres, fertilisers

-
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Petrochemicals are transformed into a wide range of derivatives that underpin modern life.
Plastics such as polyethylene and polypropylene are produced from olefins and are used in
packaging, construction, and consumer goods. Synthetic fibres such as nylon and polyester are
derived from petrochemical intermediates and are essential in textiles. Fertilisers are produced
from ammonia, which is synthesised using natural gas as a feedstock, supporting global
agriculture.

Fill in the blank: Polyethylene and polypropylene, widely used in packaging, are examples of
derived from olefins.

= =

1. PLASTICS 2. SYNTHETIC 3. FERTILLIERS
(POLYMERS) FIBRES (TEXTILES) (AGRICULTURE)

L |

- Packaging, containers
- Electronics, toys
« Automotive parts

+ Crop yield enhancnent
= Soil nutrient enricthent
- Global food supply

- Clothing, fabrics
- Ropes, carpets
= Industrial uses

PETROCHEMICAL DERIVATIVES: ESSENTIALS OF MODERN LIFE

Plate 3.3 Petrochemical derivatives in everyday life
3.3.3 Role in. modern industry and economy

Petrochemicals play a central role in modern industry, providing raw materials for countless
products. They are essential in manufacturing, healthcare, agriculture, and technology.
Economically, petrochemicals contribute significantly to global trade and industrial growth, with
countries investing heavily in petrochemical complexes to diversify energy resources and create
value-added products. Their importance lies not only in everyday consumer goods but also in
strategic industries such as pharmaceuticals, electronics, and renewable energy technologies.

Fill in the blank: Petrochemicals contribute significantly to global and industrial
growth.
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Industrial significance of petrochemicals

Provide raw materials for plastics, fibres, fertilisers, and pharmaceuticals.
Support agriculture, healthcare, and technology sectors.
Contribute to global trade and industrial growth.

Pilot questions 3.3

What are olefins and aromatics, and why are they important?

Give two examples of petrochemical derivatives and their uses.

What petrochemical derivative is essential in global agriculture?

How do petrochemicals contribute to modern industry?

Why are petrochemicals significant to global trade and economic growth?

Series Summary

This Series has focused on how crude petroleum is transformed into usable products and
industrial materials, highlighting the importance of refining processes, petroleum products, and
petrochemicals. Its purpose was to connect the science of petroleum chemistry with practical
applications that drive energy supply, industry, and global trade.

We began with refinery processes, examining primary operations such as atmospheric and
vacuum distillation, followed by secondary processes including cracking, reforming, and coking,
and concluded with treatment processes like desulphurisation and hydrotreating. We then
explored petroleum products, ranging from fuels such as petrol, diesel, kerosene, and jet fuel to
lubricants, waxes, asphalt, and bitumen, as well as petrochemical feedstocks. Finally, we studied
petrochemicals and their industrial applications, considering basic petrochemicals such as olefins
and aromatics, their derivatives including plastics, fibres, and fertilisers, and their role in modern
industry and the global economy. In line with the Series Learning Outcomes, you should now be
able to describe and explain refinery processes, identify and classify petroleum products, define
and describe petrochemicals and their derivatives, and evaluate their industrial and economic
significance.

Concept Check Questions [Series 3]

Objective Questions
Define refining in the context of petroleum chemistry. (Linked to SLO 3.1)

Identify the process used to separate heavy fractions at reduced pressure. (Linked to SLO 3.1)
Which secondary process increases the octane number of petrol? (Linked to SLO 3.2)
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Name the petroleum product used to reduce friction in engines. (Linked to SLO 3.5)
Which hydrocarbons containing double bonds are classified as olefins? (Linked to SLO 3.7)

Short-Answer Questions

Explain the difference between atmospheric and vacuum distillation. (Linked to SLO 3.1)

Describe the role of cracking in refining. (Linked to SLO 3.2)

List two non-fuel petroleum products and their uses. (Linked to SLO 3.5)

Analyse why desulphurisation is important in refining. (Linked to SLO 3.3)

Distinguish between olefins and aromatics in terms of structure and applications. (Linked to SLO 3.7)

Long-Answer Questions

Evaluate the importance of treatment processes such as desulphurisation and hydrotreating in
producing cleaner fuels. (Linked to SLO 3.3)

Basic response: Based on Series-only knowledge.
Value-added response: For outstanding learners who go beyond the basics.

Discuss the range of petroleum products and their significance in everyday life and industry. (Linked to
SLO 3.4, SLO 3.5, SLO 3.6)

Basic response: Based on Series-only knowledge.
Value-added response: For outstanding learners who go beyond the basics.

Appraise the role of petrochemicals in modern industry and the global economy. (Linked to SLO 3.9)

Basic response: Based on Series-only knowledge.
Value-added response: For outstanding learners who go beyond the basics.

Answers to Concept Check Questions [Series 3]

Objective Questions

Refining is the process of converting crude petroleum into useful products such as fuels and
petrochemicals.

Vacuum distillation.

Reforming.

Lubricants.

Ethylene, propylene, and butadiene.

Short-Answer Questions
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Atmospheric distillation separates lighter fractions at normal pressure, while vacuum distillation
separates heavier fractions at reduced pressure to prevent decomposition.

Cracking breaks down heavy hydrocarbons into lighter, more valuable products such as petrol and
diesel.

Lubricants (reduce friction in engines) and waxes (used in candles and polishes).

Desulphurisation removes sulphur compounds, reducing corrosion and pollution, and ensuring
compliance with environmental standards.

Olefins contain double bonds and are used to produce plastics and fibres, while aromatics contain
benzene rings and are used in detergents, dyes, and pharmaceuticals.

Long-Answer Questions

Basic response: Treatment processes such as desulphurisation and hydrotreating remove
impurities like sulphur and nitrogen, producing cleaner fuels.

Value-added response: Beyond the Series, learners may note that these processes reduce
environmental impact, improve engine performance, and meet international fuel quality
standards, which are critical for global competitiveness.

Basic response: Petroleum products include fuels (petrol, diesel, kerosene, jet fuel), lubricants,
waxes, asphalt, bitumen, and petrochemical feedstocks.

Value-added response: Outstanding learners may add that these products underpin transport,
infrastructure, agriculture, and consumer industries, and their availability influences economic
growth and energy security.

Basic response: Petrochemicals proyide raw materials for plastics, fibres, fertilisers, and
pharmaceuticals, supporting modetn industry.

Value-added response: Learners may extend this by discussing how petrochemicals drive
industrialisation, global trade, and innovation in sectors such as healthcare, electronics, and
renewable energy technologies.

Answers to Pilot Questions [Series 3]

Answers to Pilot Questions 3.1

Refining is.the process of converting crude petroleum into useful products such as fuels and
lubricants.

Atmospheric distillation separates lighter fractions at normal pressure, while vacuum distillation
separates heavier fractions at reduced pressure to prevent decomposition.

Cracking.

Reforming.

Hydrotreating removes impurities such as sulphur and nitrogen by reacting them with hydrogen.

Answers to Pilot Questions 3.2

Petrol.
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Lubricants.

Bitumen is primarily used in road construction and roofing.

Ethane and propane.

Olefins and aromatics are used to produce plastics, fibres, fertilisers, and other industrial materials.

Answers to Pilot Questions 3.3

Olefins are hydrocarbons with double bonds, while aromatics are hydrocarbons with-benzene rings;
both are important as feedstocks for plastics, fibres, detergents, and pharmaceuticals.

Plastics (used in packaging and construction) and synthetic fibres (used in textiles).

Fertilisers produced from ammonia.

Petrochemicals provide raw materials for countless products in manufacturing, healthcare,
agriculture, and technology.

They contribute to global trade, industrial growth, and economic diversification:

Series 4: Aviation Fuels, Lubricants, and
Hydraulics in Pump-Pipeline Systems

Part 1 Aviation fuels

4.1.1 Characteristics and specifications of aviation fuels
4.1.2 Types of aviation fuels (aviation gasoline, jet fuels)
4.1.3 Performance requireéments and environmental considerations

Part 2 Lubricants in aviation and industry
4.2.1 Properties and functions of lubricants
4.2.2 Types of lubricants (mineral oils, synthetic lubricants)
4.2.3 Applications in aviation engines and machinery
Part 3 Hydraulics in pump-pipeline systems
4.3:1 Principles of fluid flow in pipelines
4.3.2 Pump types and performance characteristics

4.3.3 Hydraulic losses and efficiency in pipeline systems
4.3.4 Safety and maintenance considerations
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Introduction

In the last Series, we explored refinery processes, petroleum products, and petrochemicals,
seeing how crude petroleum is transformed into fuels and industrial materials. Building on that
foundation, this Series turns to specialised applications that are critical in aviation and pipeline
transport. Aviation fuels must meet stringent performance and safety standards, lubricants ensure
the smooth functioning of engines and machinery, while hydraulics in pump-pipeline systems
govern the efficient movement of petroleum products. These areas are highly relevant because
they connect petroleum chemistry directly to engineering practice and industrial operations.

The aim of this Series is to equip you with knowledge of aviation fuels, lubricants, and hydraulic
principles in pipeline systems, enabling you to explain their properties, applications, and
importance in both aviation and petroleum transport.

We shall commence this Series by examining aviation fuels, focusing on their characteristics,
types, and performance requirements. Next, we will move on to lubricants, considering their
properties, types, and applications in aviation engines and industrial machinery. Finally, we will
wrap up by studying hydraulics in pump-pipeline systems, where we will look at fluid flow
principles, pump performance, hydraulic losses, and safety considerations.

Series Learning QOutcomes

Upon completing this Series, you should be able to:

define the key characteristics and specifications of aviation fuels,

explain the different types of aviation fuels including aviation gasoline and jet fuels,
evaluate the performance requirements and environmental considerations of aviation fuels,
describe the properties and functions of lubricants used in aviation and industry,

classify types of lubricants such as mineral oils and synthetic lubricants,

demonstrate how lubticants are applied in aviation engines and machinery,

analyse the principles of fluid flow in pump-pipeline systems,

identify the main types of pumps and their performance characteristics,

calculate hydraulic losses and assess efficiency in pipeline systems,

evaluate safety and maintenance considerations in pump-pipeline hydraulics.

4.1 Aviation Fuels

4.1.1 Characteristics and specifications of aviation fuels

Aviation fuels are specialised petroleum products designed to power aircraft engines. They must
meet strict specifications to ensure safety, reliability, and performance at high altitudes and

R
o) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



varying temperatures. Key characteristics include volatility, energy content, freezing point, and
cleanliness. Volatility ensures proper combustion, while energy content determines efficiency.
The freezing point must be low enough to prevent fuel solidification at high altitudes.
Cleanliness is critical because impurities can damage sensitive engine components.

Fill in the blank: The property of aviation fuel that prevents solidification at high altitudes is its
point.

KEY PROPERTIES OF AVIATION FUELS

O wmgs kL 17 &~

1. VOLATLITY 2. ENERGY 3. FREEZING 4. CLEANLINESS
CONTENT POINT & microbes
= Evapuates easily - High energy per - Low freezing point - Free from water,
(wide boiling range unit mast Prevents fuel linem freezing & solittr clogging
engine start mass (MJ/kg) at high altitude & engine damage
& altitude relight
= - Maximize aicraft range - Ensurs continwous « Ensurs reliable
= Avoids vapor lock & palyaad flow to engine operation
fuel efficiency to engines

CHEMICAL ENGINEERING VISUALIZATION OF JET FUEL SPECIFICATIONS &

Figure 4.1 Key characteristics of aviation fuels

4.1.2 Types of aviation fuels

There are two main types of aviation fuels. Aviation gasoline (avgas) is a high-octane fuel used
in piston-engine aircraft. It is formulated to resist knocking and ensure smooth engine
performance. Jet fuels, derived from kerosene fractions, are used in turbine engines. The most
common type is Jet A-1, which has a low freezing point and is suitable for international aviation.
Jet fuels must also meet strict standards for combustion quality, stability, and safety.

Fill in the blank: The most common jet fuel used internationally, with a low freezing point, is
called Jet
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AIRCRAFT FUEL TYPES:
PISTON VS. TURBINE ENGINES

Powering Different Aviation Technologies

1. PISTON-ENGINE AIRCRAFT 2. TURBINE-ENGINE AIRCRAFT

AVGAS (Aviation Gasoline) JET FUEL (Keresone-Based)
* Used in smaller, properler planes e Used in jets, turbbrops, helicopters)
= High octne, leaded fuel « Similar to diesel fuul

= Recruplitating engines ﬁn * Gas turbine engines Eﬂ

Plate 4.1 Aircraft types and their fuels

4.1.3 Performance requirements and environmental considerations

Aviation fuels must meet stringent performance requirements to ensure safe and efficient
flight. These include high energy density, stability under extreme conditions, and compatibility
with engine materials. In addition, environmental considerations are increasingly important.
Aviation fuels contribute to greenhouse gas emissions, and international regulations encourage
the development of cleaner alternatives such as biofuels and synthetic fuels. The industry is
moving towards sustainable aviation fuel (SAF), which reduces carbon emissions while
maintaining performance standards.

Fill in the blank: Sustainable aviation fuel (SAF) is being developed to reduce
emissions while maintaining performance.

Performance and environmental considerations of aviation fuels

High energy density ensures efficient flight.
Stability under extreme conditions guarantees safety.
Compatibility with engine materials prevents damage.

-
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Environmental regulations encourage cleaner alternatives such as biofuels and SAF.

Pilot questions 4.1

What are the key characteristics of aviation fuels?

Which property of aviation fuel prevents solidification at high altitudes?
What type of fuel is used in piston-engine aircraft?

Name the most common jet fuel used internationally.

Why is sustainable aviation fuel (SAF) important?

4.2 Lubricants in Aviation and Industry

4.2.1 Properties and functions of lubricants

Lubricants are substances applied between moving surfaces to reduce friction, wear, and
overheating. In aviation and industry, lubricants are essential for ensuring smooth operation of
engines, turbines, and machinery. Their key propetties include viscosity (resistance to flow),
thermal stability (ability to withstand high temperatures), and oxidation resistance (ability to
resist chemical breakdown). Lubricants also serve secondary functions such as cleaning, cooling,
and protecting surfaces from corrosion.

Fill in the blank: The property.of a lubricant that describes its resistance to flow is called
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LUBRCNANT PROPERTIES & FUNCTIONS:

Enhancing Machine Performance & Longetoty

1. KEY PROPERTIES

High Viscicity
-

VISCOSITY REDUCE FRICTION & WEAR
Additives

Operating Conditions

THERMAL STABLITY Smooth

less material loss
Resits brsakdown at high temps

OXIDATION RESISTANCE =—=_ HEAT REMOVAL

Prevents degreadion from oxygefl I@ Carries heat away fron

com components

Additives
$$S (Detergents, Anti-wear)
OXIDATION RESISNTION CORROSION
E;er;/\egsgiignatlon / Shiklds surfaces

from rust/acids Operating Temp/Pressure

FORMULATION + APPLICATION —> RELIABLE OPERATION — EQUIPMENT LIFESSAN @}\

Figure 4.2 Properties and functions of lubricants

4.2.2 Types of lubricants (mineral oils, synthetic lubricants)

Lubricants can be classified into two broad categories. Mineral oils are derived from petroleum
and are widely used due to their availability and cost-effectiveness. They are suitable for general
applications but may degrade under extreme conditions. Synthetic lubricants are chemically
engineered to provide superior performance, offering better stability, lower volatility, and
enhanced protection at high temperatures. In aviation, synthetic lubricants are preferred because
they maintain performance under demanding conditions such as high altitude and rapid
temperature changes.

Fill in the blank: Lubricants that are chemically engineered to provide superior performance
under extreme conditions are called lubricants.
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AVIATION ENGINE LUBRCANTS:
MINERAL VS. SYNTETIC

1. MINERAL OIL LUBRCANTS 2. SYNTHETIC LUBRCANTS
{06

= Derived from crude petoreleum » Chemically engineered compounds
technology = Modern high-performance

« Good natural lubricity = Excellent thermal stability

« Limited temperature range - Wide ormperature range

« Limited a oxidation & deposits - Resists oxidation & coking

= Used in some older piston engines - Used in most modern jet engines

CHEMICAL ENGINEERING VISUALIZATION OF JET FUEL SPECIFICATIONS

Plate 4.2 Mineral and synthetic lubricants

4.2.3 Applications in aviation engines and machinery

Lubricants are critical in aviation engines and industrial machinery. In aircraft engines, they
reduce friction between moving parts, dissipate heat, and prevent wear. They also ensure
reliability during long flights and under extreme operating conditions. In industrial machinery,
lubricants extend equipment life, reduce maintenance costs, and improve efficiency. The choice
of lubricant depends on operating conditions, engine design, and environmental factors.

Fill in the blank: In aviation engines, lubricants help to reduce friction, dissipate heat, and
prevent

Applications of lubricants in aviation and industry
Aviation engines: reduce friction, dissipate heat, prevent wear.

Industrial machinery: extend equipment life, reduce maintenance costs, improve efficiency.
Choice of lubricant depends on operating conditions and engine design.
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Pilot questions 4.2

What are the key properties of lubricants?

Which property of a lubricant describes its resistance to flow?
What are mineral oils and how are they used?

What type of lubricants are preferred in aviation and why?
What functions do lubricants perform in aviation engines?

4.3 Hydraulics in Pump-Pipeline Systems
4.3.1 Principles of fluid flow in pipelines

Hydraulics refers to the study of liquids in motion and under pressure. In pump-pipeline
systems, hydraulics explains how petroleum products and other fluids move through pipes. Two
important flow regimes are laminar flow, where fluid moves in smooth parallel layers, and
turbulent flow, where fluid movement is irregular and mixed. The flow rate depends on pipe
diameter, fluid viscosity, and pressure difference. Understanding these principles is essential for
designing efficient transport systems and avoiding energy losses.

Fill in the blank: Fluid movement in smooth parallel layers within a pipeline is referred to as
flow.

FLUID FLOW REGIMES: LAMINAR VS. TURBLENT

Visualizing Fluid Movement in Pipelines

1. LAMINAR FLOW (ORDERLY) 2. TURBLENT FLOW (CHAOTIOC)
T t = T ’/—. ==
— (L =N
L e—— = ’.%ﬁ‘%. . ;&u:\h‘é_‘ TEST

Chaotic, inter-mixing layers
Unprexictable pathlines

High velocity, low visocity fluids
Enhanced mixing, higher loss
Example: Smoke from a campfire

Smooth, parallel layers
Predictable pathlines

Low velocity, high visocity fluids
Less mixing, lower energy loss
Example: Water in a garden hose

Understanding how fluid properties & velocity affect flow behavior

Figure 4.3 Fluid flow regimes in pipelines

4.3.2 Pump types and performance characteristics
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Pumps are mechanical devices that move fluids through pipelines by creating pressure
differences. The two main types are centrifugal pumps, which use rotating impellers to impart
energy to fluids, and positive displacement pumps, which trap and push fixed volumes of fluid.
Performance characteristics include flow rate (volume of fluid moved per unit time), head
(pressure generated), and efficiency (ratio of useful output to energy input). Choosing the right
pump depends on the type of fluid, required pressure, and operating conditions.

Fill in the blank: Pumps that use rotating impellers to impart energy to fluids are called
pumps.

PETOLEUM PIPELINE PUMPS:

Comparing & Driving Fluid Flow Technologies

1. CENTICLRUAL PUMPS

Low Vissiocity Crude/Moderzed
Refined products

High flow, low-to-moderate pressure.
Ideal for continious transfer of large
volumes.

High flow, low-to-pressure. Ideal for
for continous transfer tranter fuids oon ruste
volumes.

FLUID PROPERTIES & FLOW REQUIREMENTS
PUMP SELECTION
EFFICIENT TRANSPORT <> RELIABLE OPERATION

Plate 4.3 Pump types in pipeline systems

4.3.3 Hydraulic losses and efficiency in pipeline systems

As fluids move through pipelines, energy is lost due to hydraulic losses. These occur from
friction between fluid and pipe walls, bends, fittings, and sudden changes in pipe diameter.
Hydraulic losses reduce efficiency and increase pumping costs. Engineers use equations such as
the Darcy-Weisbach formula to calculate losses and design systems that minimise inefficiencies.
Improving efficiency involves selecting smooth pipes, reducing unnecessary bends, and
maintaining pumps properly.

Fill in the blank: Energy lost due to friction and fittings in pipelines is referred to as
losses.
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HYDARUIC LOSSES IN PIPELINES

CAUSES & EFFECTS ON FLUID FLOW

1. FRICTION LOSSES 2. BEND LOSSES 3. FITTING LOSSES
—> A -y ¢ _
~ >3]
— 1)) > =5::‘:.-:K_
= Due Due fluid viscedty & - Caused by change to « Due Due valve valves,
techniglness flow direction tees, reduces, etrc.?.
- Eiahs natural flow direction « Abrupt changes &
Good naijated as heat velool area/path
- Energy tiemperature range = Fluid separation & swirilng « High turbraence &

- Major loss in straight sections (eddies) _ . veloccity profiles
diameter = Dependent in bend radius = Quantified by “K’ loss

= Depends in flow velocity & & angle Quantified by “K" loss
engines - Additional pressure drop ceffisicient

CHEMICAL ENGINEERING VISUALIZATION OF JET FUEL SPECIICATICS

Figure 4.4 Hydraulic losses in pipelines

4.3.4 Safety and maintenance considerations

Safety in pump-pipeline systems is critical because leaks, ruptures, or pump failures can cause
environmental damage and operational hazards. Regular maintenance ensures pumps and
pipelines operate efficiently and safely. This includes monitoring pressure levels, inspecting for
corrosion, and replacing worn-out components. Preventive maintenance reduces downtime and
prolongs equipment life. Safety protocols also involve emergency shut-off systems and
adherence to industry standards.

Fill in the blank: Regular monitoring and replacement of worn-out components in pipelines is
part of maintenance.

Safety and maintenance in pump-pipeline systems

Monitor pressure levels to prevent ruptures.
Inspect pipelines for corrosion and leaks.
Replace worn-out components regularly.
Use emergency shut-off systems for safety.

-

S | A-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Pilot questions 4.3

What is hydraulics in the context of pump-pipeline systems?
What is the difference between laminar and turbulent flow?
Which type of pump uses rotating impellers?

What are hydraulic losses and how do they occur?

Why is preventive maintenance important in pipeline systems?

Series Summary

This Series has focused on the specialised petroleum products and engineering principles that
support aviation and pipeline transport. Its purpose was to highlight the importance of aviation
fuels, lubricants, and hydraulics in ensuring safety, efficiency, and reliability in critical industrial
applications. By connecting petroleum chemistry with practical engineering systems, the Series
has shown how these elements sustain both modern aviation and the movement of petroleum
products across long distances.

We began with aviation fuels, examining their characteristics, types, and performance
requirements alongside environmental considerations. We then moved on to lubricants, exploring
their properties, classifications, and applications in aviation engines and industrial machinery.
Finally, we studied hydraulics in pump-pipeline systems, focusing on fluid flow principles, pump
types, hydraulic losses, and safety and maintenance practices. In line with the Series Learning
Outcomes, you should now be able to define and explain aviation fuels, classify and apply
lubricants, analyse fluid flow and pump performance, calculate hydraulic losses, and evaluate
safety measures in pipeline systems.

Concept Check Questions [Series 4]

Objective Questions

Define aviation fuels in the context of petroleum chemistry. (Linked to SLO 4.1)

Identify the most.common jet fuel used internationally. (Linked to SLO 4.2)

Which property of aviation fuel prevents solidification at high altitudes? (Linked to SLO 4.1)

Classify lubricants into two main categories. (Linked to SLO 4.5)

Pumps that use rotating impellers to impart energy to fluids are called pumps. (Linked
to SLO 4.8)

Short-Answer Questions
Explain the difference between aviation gasoline (avgas) and jet fuels. (Linked to SLO 4.2)

Describe the key properties of lubricants that make them suitable for aviation engines. (Linked to SLO
4.4)
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Demonstrate how lubricants are applied in aviation engines to ensure reliability. (Linked to SLO 4.6)
Analyse the causes of hydraulic losses in pipeline systems. (Linked to SLO 4.9)
Evaluate why preventive maintenance is critical in pump-pipeline systems. (Linked to SLO 4.10)

Long-Answer Questions

Discuss the performance requirements and environmental considerations of aviation fuels. (Linked to
SL04.3)

Basic response: Based on Series-only knowledge.
Value-added response: For outstanding learners who go beyond the basics.

Appraise the role of lubricants in aviation and industrial machinery. (Linked to SLO 4.4, SLO 4.6)

Basic response: Based on Series-only knowledge.
Value-added response: For outstanding learners who go beyond the basics!

Evaluate the principles of fluid flow, pump performance, and hydraulic losses in pipeline systems.
(Linked to SLO 4.7, SLO 4.8, SLO 4.9)

Basic response: Based on Series-only knowledge.
Value-added response: For outstanding learners who go beyond the basics.

Answers to Concept Check Questions [Series 4]

Objective Questions

Aviation fuels are specialised petroleum products designed to power aircraft engines under strict
specifications.

Jet A-1.

Freezing point.

Mineral oils andsynthetic lubricants.

Centrifugal pumps.

Short-Answer Questions

Aviation gasoline (avgas) is a high-octane fuel used in piston-engine aircraft, while jet fuels are kerosene-
based fuels used in turbine engines.

Key properties include viscosity, thermal stability, and oxidation resistance, which ensure smooth
operation and protection against wear.

Lubricants reduce friction, dissipate heat, and prevent wear in aviation engines, ensuring reliability
during long flights.

Hydraulic losses occur due to friction between fluid and pipe walls, bends, fittings, and changes in pipe
diameter.

-
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Preventive maintenance reduces downtime, prolongs equipment life, and prevents leaks or ruptures
that could cause hazards.

Long-Answer Questions

Basic response: Aviation fuels must have high energy density, stability under extreme
conditions, and compatibility with engine materials. Environmental considerations include
reducing emissions through alternatives such as biofuels and sustainable aviation fuel (SAF).
Value-added response: Outstanding learners may add that aviation fuels are subject to
international standards (e.g., ASTM, ICAO), and SAF development is part of global strategies to
decarbonise aviation and meet climate targets.

Basic response: Lubricants reduce friction, dissipate heat, and prevent wear in aviation engines
and industrial machinery.

Value-added response: Learners may extend this by noting that synthetic lubricants are critical
in high-performance aviation applications, and advanced formulations improve efficiency,
reduce maintenance costs, and support sustainability goals.

Basic response: Fluid flow in pipelines can be laminar or turbulent, pumps provide pressure to
move fluids, and hydraulic losses reduce efficiency.

Value-added response: Outstanding learners may-add that engineers use equations such as
Darcy-Weisbach to calculate losses, optimise pump selection, and design systems that balance
efficiency, cost, and safety in petroleum transport.

Answers to Pilot Questions [Series 4]

Answers to Pilot Questions 4.1

Volatility, energy content, freezing point, and cleanliness.

Freezing point.

Aviation gasoline (avgas).

Jet A-1.

It reduces carbon emissions-while maintaining performance standards.

Answers to Pilot Questions 4.2

Viscosity, thermal stability, and oxidation resistance.

Viscosity.

Mineral oils, derived from petroleum and used for general applications.

Synthetic lubricants, because they provide superior stability and performance under extreme
conditions.

They reduce friction, dissipate heat, and prevent wear.
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Answers to Pilot Questions 4.3

Hydraulics is the study of fluid movement under pressure in pump-pipeline systems.

Laminar flow is smooth and layered, while turbulent flow is irregular and mixed.

Centrifugal pumps.

Hydraulic losses are energy losses caused by friction, bends, fittings, and changes in pipe diameter.

Preventive maintenance reduces downtime, prolongs equipment life, and prevents leaks or
ruptures.

Series 5: Fundamentals of Electricity, Safety
in Petroleum, and Lubrication Chemistry

Part 1 Fundamentals of electricity in petroleum operations

5.1.1 Basic electrical concepts (current, voltage, résistance, power)
5.1.2 Electrical equipment in petroleum facilities
5.1.3 Hazards of electricity in petroleum environments

Part 2 Safety in petroleum operations

5.2.1 Common hazards in petroleum handling and processing
5.2.2 Safety standards and protective measures
5.2.3 Emergency response-and risk management

Part 3 Lubrication chemistry

5.3.1 Chemical composition and properties of lubricants
5.3.2 Types-of lubricants and additives
5.3.3 Applications of lubrication chemistry in petroleum machinery

Introduction

In petroleum operations, electricity, safety, and lubrication are inseparable elements that ensure
efficiency and reliability. Electrical systems power equipment and facilities, safety practices
protect workers and the environment, while lubrication chemistry keeps machinery functioning
smoothly. Without these foundations, petroleum processes would face frequent breakdowns,
hazards, and inefficiencies. This Series therefore highlights the essential knowledge and
practices that connect petroleum chemistry with safe and effective industrial operations.
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The aim of this Series is to provide you with a clear understanding of basic electrical principles,
safety measures in petroleum environments, and the chemistry of lubricants, enabling you to
apply these concepts in practical situations.

We shall commence this Series by exploring the fundamentals of electricity in petroleum
operations, focusing on basic electrical concepts, equipment, and hazards. Next, we will move on
to safety in petroleum operations, examining common hazards, protective measures, and
emergency response strategies. Finally, we will wrap up by studying lubrication chemistry,
where we will consider the composition, properties, types, and applications of lubricants in
petroleum machinery.

Series Learning Outcomes

Upon completing this Series, you should be able to:

define basic electrical concepts including current, voltage, resistance, and power,
explain the role of electrical equipment in petroleum facilities,

analyse the hazards associated with electricity. in petroleum environments,

identify common hazards in petroleum handling and processing,

demonstrate safety standards and protective measures in petroleum operations,
evaluate emergency response strategies and risk management practices,

describe the chemical composition and properties of lubricants,

classify types of lubricants and additives used in petroleum machinery,

apply lubrication chemistry principles to practical situations in petroleum operations.

5.1 Fundamentals of Electricity in Petroleum Operations

5.1.1 Basic electrical concepts (current, voltage, resistance, power)

Electricity is central to petroleum operations, powering pumps, compressors, and control
systems. To grasp its role, we must first understand some basic concepts. Current is the flow of
electric charge through a conductor, measured in amperes. Voltage is the electrical potential
difference that drives current, measured in volts. Resistance is the opposition to current flow,
measured in ohms. Power is the rate at which electrical energy is consumed or produced,
measured in watts. These concepts are linked by Ohm’s Law, which states that voltage equals
current multiplied by resistance.

Fill in the blank: The relationship between voltage, current, and resistance is expressed by
Law.
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ELECTRICAL FUNDAMENTALS
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VISUALIZATION OF BASIC ELECTRICAL ENGINEERING PRINCIPLES

Figure 5.1 Basic electrical concepts in petroleum operations

5.1.2 Electrical equipment in petroleum facilities

Petroleum facilities rely on a wide range of electrical equipment to ensure smooth operations.
Motors drive pumps and compressors, generators provide backup power, and transformers
regulate voltage levels. Control panels and circuit breakers protect systems from overloads and
faults. Each piece of equipment must be carefully selected and maintained to match the
operational demands of petroleum processing.

Fillan the blank: Devices that regulate voltage levels in petroleum facilities are called

-

S | A-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



bd

——;:l T

e

ELECTRICAL TRANSFOMERS

PETROLEUM PROCESSING FACILITY : POWER & CONTROL SYSTEMS

Plate 5.1 Electrical equipment in petroleum facilities

5.1.3 Hazards of electricity in petroleum environments

Electricity in petroleum environments poses unique risks because of the presence of flammable
vapours and liquids. Electrical hazards include sparks, short circuits, and equipment failures
that can ignite fires or explosions. To mitigate these risks, facilities use explosion-proof
equipment, grounding systems, and strict safety protocols. Workers must be trained to handle
electrical systems safely, and regular inspections are essential to prevent accidents.

Filldin the blank: Equipment designed to prevent ignition in flammable environments is called
-proof equipment.

Electrical hazards and safety measures in petroleum operations
Sparks and short circuits can ignite flammable vapours.
Explosion-proof equipment reduces ignition risks.

Grounding systems prevent dangerous electrical build-up.
Regular inspections and training ensure safety.

-
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Pilot questions 5.1

What is current and how is it measured?

Which law expresses the relationship between voltage, current, and resistance?
Name three types of electrical equipment used in petroleum facilities.

What devices regulate voltage levels in petroleum operations?

Why is explosion-proof equipment necessary in petroleum environments?

5.2 Safety in Petroleum Operations

5.2.1 Common hazards in petroleum handling and processing

Petroleum operations involve several hazards, which are potential sources of harm to people,
equipment, and the environment. These hazards include fire and explosion risks due to
flammable vapours, chemical exposure from toxic substances, mechanical-hazards from moving
machinery, and environmental hazards such as oil spills. Recognising these hazards is the first
step in developing effective safety measures.

Fill in the blank: The presence of flammable vapours in petroleum facilities increases the risk of
and explosions.

PETROLEUM OPERATIONS HAZARDS:
Identifing Risks in the Oil & Gas Industry

Protecting People, Assets, & the Planet

FIRE & EXPLOSION CHEMICAL EXPOSURE

- Crude Oil & Gas H.S (Hydrogen Sulfide)
- Flammale Vapors 2 g::::rr::

- Static Electricity G e Sivarits

- Causes severe burns & facility damage.

Toxic, corrosive, and cariciongric
risks.

- Heavy Machinery =% Oil Spills
- High Pressure Lines Gas Flaring
« Confined Spaces Waste Discharge

- Leading to crush injuries, Pollution of ecovstems & wildlife harm
falls, & fatalities

» RISK IDENTIFICATION — MITIGIATION STRATEGIES — SAFER OPERATIONS

Figure 5.2 Common hazards in petroleum operations

5.2.2 Safety standards and protective measures
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To minimise risks, petroleum facilities adopt safety standards, which are formal guidelines and
regulations designed to protect workers and equipment. Protective measures include the use of
personal protective equipment (PPE) such as helmets, gloves, and flame-resistant clothing.
Engineering controls such as ventilation systems and gas detectors reduce exposure to harmful
substances. Administrative controls, including safety training and clear operating procedures,
further strengthen workplace safety.

Fill in the blank: Helmets, gloves, and flame-resistant clothing are examples of
protective equipment.

M

Plate 5.2 Use of PPE in petroleum operations

5.2.3 Emergency response and risk management

Even with preventive measures, emergencies can occur. Emergency response refers to the
organised actions taken to control and mitigate incidents such as fires, spills, or equipment
failures. This includes evacuation plans, fire-fighting systems, and first-aid procedures. Risk
management involves identifying potential hazards, assessing their likelihood and impact, and
implementing strategies to reduce them. Together, emergency response and risk management
ensure that petroleum operations remain resilient and safe.

Fill in the blank: The organised actions taken to control and mitigate incidents in petroleum
facilities are called response.

Emergency response and risk management in petroleum operations

3
o) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Evacuation plans protect workers during emergencies.
Fire-fighting systems control and extinguish fires.

First-aid procedures provide immediate medical assistance.
Risk management identifies hazards and reduces their impact.

Pilot questions 5.2

What are the common hazards in petroleum operations?

Which hazard is increased by the presence of flammable vapours?

What are examples of personal protective equipment used in petroleum facilities?
What is the role of engineering and administrative controls in safety?

Define emergency response in petroleum operations.

5.3 Lubrication Chemistry

5.3.1 Chemical composition and properties of lubricants

Lubrication chemistry deals with the study of the chemical makeup and behaviour of
lubricants. Lubricants are substances applied between moving surfaces to reduce friction, wear,
and overheating. Their chemical composition typically includes a base oil, which forms the bulk
of the lubricant, and additives, which enhance performance. Important properties include
viscosity (resistance to flow), thermal stability (ability to withstand high temperatures), and
oxidation resistance (ability to resist chemical breakdown). These properties determine how
effectively a lubricant performs under different operating conditions.

Fill in the blank: The bulk of a lubricant is made up of oil.
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LUBURCANT COMPOSITION & PROPERTIES

Base Oil + Enhanced Performance
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Key Takeaway: Addtives tailor the base oil for specific applications

Figure 5.3 Composition and properties of lubricants

5.3.2 Types of lubricants and additives

Lubricants can be classified into mineral oils, derived from petroleum, and synthetic
lubricants, which are chemically engineered for superior performance. Mineral oils are widely
used due to their availability and cost-effectiveness, but they may degrade under extreme
conditions. Synthetic lubricants offer better stability, lower volatility, and enhanced protection at
high temperatures, making them ideal for aviation and heavy industrial use.

Additives are chemical compounds added to lubricants to improve their performance. Examples
include anti-wear agents, detergents, dispersants, and antioxidants. These additives extend
lubricant life, protect machinery, and improve efficiency.

Fill in the blank: Chemical compounds added to lubricants to improve their performance are
called
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Plate 5.3 Types of lubricants and additives

5.3.3 Applications of lubrication chemistry in petroleum machinery

Lubrication chemistry is vital in petroleum machinery, where moving parts are exposed to high
loads, temperatures, and pressures. Lubricants reduce friction, dissipate heat, and prevent wear in
engings, compressors; and pumps. They also protect against corrosion and extend equipment life.
The choice of lubricant depends on operating conditions, machinery design, and environmental
factors. In aviation and petroleum industries, synthetic lubricants are often preferred due to their
ability to perform reliably under extreme conditions.

Fill in the blank: Lubricants help to reduce friction, dissipate heat, and prevent in
petroleum machinery.

Applications of lubrication chemistry in petroleum machinery

Engines: reduce friction and prevent wear.
Compressors: dissipate heat and improve efficiency.
Pumps: protect against corrosion and extend life.
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Aviation machinery: synthetic lubricants ensure performance under extreme conditions.

Pilot questions 5.3

What are the main components of a lubricant?

Which property of a lubricant describes its resistance to flow?

What are the two main types of lubricants?

What are chemical compounds added to lubricants to improve performance called?
Why are synthetic lubricants preferred in aviation and petroleum industries?

Series Summary

This Series has emphasised the essential role of electricity, safety,and lubrication chemistry in
petroleum operations. Its purpose was to show how these elements underpin efficiency,
reliability, and protection in environments where both technical performance and risk
management are critical. By linking fundamental scientific principles with practical applications,
the Series has highlighted how petroleum chemistry supports safe and effective industrial
practice.

We began with the fundamentals of electricity, exploring basic concepts, equipment, and hazards
in petroleum facilities. We then moved on to safety in petroleum operations, considering
common hazards, protective measures, and emergency response strategies. Finally, we examined
lubrication chemistry, focusing on the composition, types, and applications of lubricants in
machinery. In line with the Series Learning Outcomes, you should now be able to define and
explain electrical concepts, analyse hazards, demonstrate safety measures, evaluate emergency
response practices; deseribe lubricant chemistry, classify types of lubricants, and apply
lubrication principles to petroleum operations.

Concept Check Questions [Series 5]

Objective Questions

Define current in the context of electricity. (Linked to SLO 5.1)

State the law that expresses the relationship between voltage, current, and resistance. (Linked to
SLO5.1)

Identify the device used to regulate voltage levels in petroleum facilities. (Linked to SLO 5.2)

List two common hazards in petroleum operations. (Linked to SLO 5.4)

Chemical compounds added to lubricants to improve performance are called . (Linked to
SLO 5.8)

Short-Answer Questions
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Explain the difference between mineral oils and synthetic lubricants. (Linked to SLO 5.8)

Describe three types of electrical equipment commonly used in petroleum facilities. (Linked to SLO 5.2)
Analyse why explosion-proof equipment is necessary in petroleum environments. (Linked to SLO 5.3)
Demonstrate how personal protective equipment (PPE) contributes to safety in petroleum operations.
(Linked to SLO 5.5)

Apply lubrication chemistry principles to explain how lubricants extend the life of petroleum machinery.
(Linked to SLO 5.9)

Long-Answer Questions

Discuss the hazards associated with electricity in petroleum environments and how they can be
mitigated. (Linked to SLO 5.3)

Basic response: Based on Series-only knowledge.
Value-added response: For outstanding learners who go beyond the basics.

Evaluate the importance of safety standards and emergency response in petroleum operations. (Linked
to SLO 5.5, 5L0O 5.6)

Basic response: Based on Series-only knowledge.
Value-added response: For outstanding learners who go beyond the basics.

Appraise the role of lubrication chemistry in petroleum machinery, highlighting composition, properties,
and applications. (Linked to SLO 5.7, SLO 5.8, SLO 5.9)

Basic response: Based on Series-only knowledge.
Value-added response: For outstanding learners who go beyond the basics.

Answers to Concept Check Questions [Series 5]

Objective Questions

Current is the flow of electric charge through a conductor, measured in amperes.
Ohm’s.Law.

Transformers.

Fire and explosion risks; chemical exposure.

Additives.

Short-Answer Questions

Mineral oils are derived from petroleum and are cost-effective but degrade under extreme conditions,
while synthetic lubricants are chemically engineered to provide superior stability and performance.
Motors, transformers, and control panels.

Explosion-proof equipment prevents sparks or electrical faults from igniting flammable vapours,
reducing fire and explosion risks.

R
o) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



PPE such as helmets, gloves, and flame-resistant clothing protect workers from mechanical, chemical,
and fire hazards.

Lubricants reduce friction, dissipate heat, prevent wear, and protect against corrosion, thereby
extending machinery life.

Long-Answer Questions

Basic response: Hazards include sparks, short circuits, and equipment failures that can ignite
flammable vapours. Mitigation involves explosion-proof equipment, grounding systems, and
regular inspections.

Value-added response: Outstanding learners may add that international standards (e.g., IECEX,
ATEX) govern equipment design, and advanced monitoring systems detect-faults early to
prevent accidents.

Basic response: Safety standards provide guidelines for protective measures, while emergency
response ensures organised action during incidents.

Value-added response: Outstanding learners may add that risk management frameworks
integrate hazard identification, probability assessment, and mitigation strategies, aligning with
global best practices such as ISO 45001.

Basic response: Lubrication chemistry invelves base oils and additives, with properties such as
viscosity and stability ensuring effective performance. Applications include reducing friction,
dissipating heat, and preventing wear in petroleum machinery.

Value-added response: Outstanding learners may add that synthetic lubricants are critical in
aviation and high-performance machinery, and advanced additive packages improve
sustainability by reducing emissions and extending lubricant life.

Answers to Pilot Questions [Series 5]

Answers to Pilot Questions 5.1

Current is the flow of electric charge through a conductor, measured in amperes.
Ohm’s Law.

Motors, generators, and transformers.

Transformers.

Explosion-proof equipment is necessary to prevent ignition in flammable environments.

Answers to Pilot Questions 5.2

Fire and explosion risks, chemical exposure, mechanical hazards, and environmental hazards.

Fire.

Helmets, gloves, and flame-resistant clothing.

Engineering controls reduce exposure to harmful substances, while administrative controls provide
training and clear procedures.

R
o) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Emergency response is the organised action taken to control and mitigate incidents in petroleum

facilities.

Answers to Pilot Questions 5.3

Base oil and additives.
Viscosity.
Mineral oils and synthetic lubricants.

Additives.
Because they provide superior stability, lower volatility, and reliable performance under extreme

conditions.
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