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Raw Material Requirements

Part 1 Overview of Nigerian industries

e 1.1.1 Classification of industries (manufacturing, processing, service-based)
e 1.1.2 Key sectors contributing to industrial growth
e 1.1.3 Regional distribution of industries in Nigeria

Part 2 Raw material requirements of Nigerian industries

e 1.2.1 Major raw materials for manufacturing industries
e 1.2.2 Agricultural raw materials and their industrial uses
e 1.2.3 Imported versus locally sourced raw materials

Part 3 Challenges and opportunities in raw material supply

e 1.3.1 Issues of availability and accessibility
e 1.3.2 Impact of supply chain and logistics
e 1.3.3 Opportunities forlocal substitution and industrial development

Introduction

Nigeria’s industrial landscape is diverse and dynamic, ranging from manufacturing and
processing to service-based enterprises. Each of these industries depends heavily on raw
materials, whether sourced locally or imported, to sustain production and growth. Understanding
the relationship between industries and their raw material requirements is crucial, as it provides
insight into economic development, resource management, and opportunities for industrial
expansion. This Series therefore sets the stage for appreciating how raw materials drive industrial
activities across the country.
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The aim of this Series is to introduce you to the structure of Nigerian industries and to equip you
with knowledge of their raw material needs, challenges, and opportunities. By the end of the
Series, you will be able to connect industrial sectors with their resource demands and evaluate
the implications for national development.

We shall commence this Series by providing an overview of Nigerian industries, including their
classification, key sectors, and regional distribution. Next, we will examine the raw material
requirements of these industries, focusing on manufacturing, agricultural inputs, and the balance
between imported and locally sourced materials. Finally, we will wrap up by considering the
challenges and opportunities in raw material supply, highlighting issues of availability, logistics,
and the potential for local substitution to strengthen industrial growth.

Series Learning Outcomes

Upon completing this Series, you should be able to:

e describe the classification of Nigerian industries, including manufacturing, processing,
and service-based sectors,

e explain the key sectors contributing to industrial growth in Nigeria,

o analyse the regional distribution of industries across Nigeria,

e identify the major raw materials required by manufacturing industries,

o explain the role of agricultural raw materials in industrial applications,

o differentiate between imported and locally sourced raw materials used in Nigerian
industries,

o cvaluate the challenges of availability and accessibility of raw materials in Nigeria,

o assess the impact of supply chain and logistics on raw material provision, and

e appraise opportunities for local substitution and industrial development through raw
material supply.

1.1 Overview of Nigerian Industries

141.1 Classification of industries

Industries in Nigeria can be broadly classified into manufacturing industries, processing
industries, and service-based industries. Manufacturing industries are those that transform
raw materials into finished goods, such as textiles, cement, and automobile assembly. Processing
industries focus on refining or altering raw materials into usable forms, for example, food
processing and petroleum refining. Service-based industries provide intangible products such as
banking, telecommunications, and education, which support the functioning of the economy.
o
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Fill in the blank: Industries that transform raw materials into finished goods are called

industries.

MAJOR INDUSTRIAL SECTORS

IN NIGERIA

S5

1. MANUFACTURING

Textiles & Garments

Cement & Building Material
* Food & Beverages
= Automotive Assembly

2. PROCESSING

e Crude Oil Refining

= Agro-processing (e.g.,
Cocoa, Palm Oil),

* Solid Mineral Processing

= Petrocherichals

; ((g)
3. SERVICE-BASED

» Financial Services

*» Teleeemumications & IT
= Retail, Wholesale Trade
* Logistics & Transport

ECONOMIC VISUALIZATION OF NIEERIAN INDUSTRIAL LANDSCAPE

Figure 1.1 Classification of Nigerian industries

1.1.2 Key sectors contributing to industrial growth

Nigeria’s industrial growth is driven by several key sectors, including oil and gas, agriculture,
construction, telecommunications, and manufacturing. The oil and gas sector remains the
backbone of the economy, providing revenue and foreign exchange. The agriculture sector
supports food security and supplies raw materials for agro-based industries. Construction
contributes to infrastructure development, while telecommunications has expanded rapidly,
connecting millions of Nigerians. Manufacturing, though still developing, plays a vital role in
diversifying the economy.

Fill in the blank: The backbone of Nigeria’s economy is the

-
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NIGERIAN KEY INDUSTRIES: PETIOLEUM, AGRICULTURE & CONSTRUCTION

Plate 1.1 Key sectors driving Nigerian industrial growth

1.1.3 Regional distribution ofiindustries in Nigeria

Industries in Nigeria are unevenly distributed across regions due to factors such as resource
availability, infrastructure, and government policies. The South-South region hosts oil and gas
industries, while the South-West is known for manufacturing, commerce, and services. The
North has strong agricultural and agro-processing industries, supported by vast land resources.
The South-East is recognised for trade and small-scale manufacturing. This regional distribution
reflects both natural resource endowment and socio-economic development patterns.

Fill in the blank: Oil and gas industries are concentrated in the region of Nigeria.
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NIGERIA: REGIONAL INDUSTRIAL DISTRIBUTION
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) REGIONAL SPECIAIZATION —> ECONOMIC DIVERISICATION —> NATIONAL DEVELOPMENT

Figure 1.2 Regional distribution of Nigerian industries

Pilot questionsi. 1

What are the three main classifications of Nigerian industries?
Which'industry transforms raw materials into finished goods?
Name two key sectors that contribute to Nigeria’s industrial growth.
Which sector is considered the backbone of Nigeria’s economy?

In which region of Nigeria are oil and gas industries concentrated?
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1.2 Raw Material Requirements of Nigerian Industries

1.2.1 Major raw materials for manufacturing industries

Manufacturing industries in Nigeria depend on a wide range of raw materials, which are basic
substances used in production processes to create finished goods. Examples include iron ore for
steel production, limestone for cement, cotton for textiles, and petrochemicals for plastics. The
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availability of these raw materials directly influences industrial productivity and
competitiveness. Where raw materials are scarce, industries may struggle to meet demand or rely
heavily on imports.

Fill in the blank: The basic substances used in production processes to create finished goods are
called

KEY RAW MATERIALS FOR
NIGERIAN INDUSTRIES

FROM NATURAL RESOURCES TO INDUSTRIAL INPUTS

B &
D
Ve === &P "o
1. IRON ORE 2. LIMESTONE COTTON 4. PETROCHIENICALS
- Found in Kogi, - Abundant in Ogun, - Grown in Kaduna, Kano - Derived from Crude Oil
Kaduna, Enogu Quarried & crushed Harvested & ginned Refinery processes
- Mined & processed
- Input for Steel Production - Crucial for Cement Mfg Raw material for Textiles Used for Plastics, Fertilsers
- Construction, - Concrete, Buildings, Fabrics, Garments, Yarn - Packaging, Agriculture,
Machinery, Auto Roads Chemicals
. .

ECONOMIC VISUALZATION OF NIGERIAN INDUSTRIAL INPUTS

Figure 1.3 Major raw materials for manufacturing industries

1.2.2 Agricultural raw materials and their industrial uses

Nigeria’s agricultural sector provides significant agricultural raw materials, which are
products from farming and livestock used in industrial applications. Examples include cocoa for
beverages and confectionery, palm oil for food and cosmetics, hides and skins for leather, and
rubber for tyres and footwear. These materials support agro-based industries and contribute to
export earnings. The linkage between agriculture and industry demonstrates how resource
availability can stimulate economic growth.

Fill in the blank: Cocoa, palm oil, hides and skins, and rubber are examples of raw
materials.

-
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Plate 1.2 Agricultural raw materials and their industrial uses

1.2.3 Imported versus loeally sourced raw materials

Industries in Nigeria rely on both imported raw materials, which are sourced from other
countries, and locally sourced raw materials, which are obtained within Nigeria. Imported raw
materials include specialised chemicals, machinery components, and advanced alloys, often
required for high-tech industries. Locally sourced raw materials include agricultural products,
minerals, and fossil fuels. While imports may provide quality and variety, they increase
production costs-and dependency on foreign exchange. Local sourcing, on the other hand,
promotes self-reliance and supports domestic industries.

Fill in the blank: Raw materials obtained within Nigeria are referred to as sourced
raw materials.

Comparison of imported and locally sourced raw materials in Nigerian industries

Imported: specialised chemicals, machinery components, advanced alloys.
Locally sourced: agricultural products, minerals, fossil fuels.

Imports increase costs and dependency.

Local sourcing promotes self-reliance and industrial growth.
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Pilot questions 1.2

What are raw materials in the context of manufacturing industries?

Give two examples of raw materials used in Nigerian manufacturing industries.
Name four agricultural raw materials and their industrial uses.

What are imported raw materials?

Why is local sourcing of raw materials important for Nigerian industries?

oprobd=

1.3 Challenges and Opportunities in Raw Material Supply

1.3.1 Issues of availability and accessibility

One of the major challenges in Nigeria’s industrial developmentis the availability and
accessibility of raw materials. Availability refers to whether raw materials exist in sufficient
quantity within the country, while accessibility refers to the ease with which industries can
obtain and use them. For example, Nigeria has abundant limestone and agricultural products, yet
poor infrastructure and inadequate mining technology often limit their accessibility. This
mismatch between resource presence and industrial use creates bottlenecks in production.

Fill in the blank: The ease with which industries can obtain and use raw materials is referred to
as

NIGERIA: RAW MATERIAL AVAILALITY & LACESSPAPE IN NIGERIA
Bridging the The Gap Between Abundance and industrial Use

o HIGH AVAILABLITY

Infrastructure: Poor transporation networks
o ) networks
~ Mineral
Rich South Inffeicient supply chains
Funding
=%, - Solid Minerals: Funding: Limited importExt extraction/
. = Limestoone, Iron Ore, Coal extrap/procesions
JFY - Agricullural Produce: Cassa ead Crops, = 5
(Cocoa, Cotton, Sdrigium, Millet Security Issues a key regions
EE® - crude Oil & Natural Gas

Infrastructure: Poor raporttiriing ;
i
I

Abundant natural resources across Hinders movement and processing for
diversse regions. industries

RESOURCE POTENTIAL —> SUPPLY CHAIN OPTIMIZATION — ECONOMIC GROWTH

Figure 1.4 Availability versus accessibility of raw materials
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1.3.2 Impact of supply chain and logistics

The supply chain is the network of processes involved in moving raw materials from source to
industry, while logistics refers to the planning and management of this movement. In Nigeria,
poor road networks, limited rail systems, and port congestion often disrupt supply chains. These
challenges increase costs, delay production, and reduce competitiveness. Efficient logistics
systems are therefore critical to ensuring that raw materials reach industries in good time and at

reasonable cost.

Fill in the blank: The planning and management of the movement of raw materials is known as

LOGISTICS IN NIGERGIA: TRUCKS, RAILWAYS, & PORT FACILITIES

Plate 1.3 Logistics in raw material supply

1.3.3.Opportunities for local substitution and industrial development

Despite these challenges, there are significant opportunities for Nigeria to strengthen its
industrial base through local substitution. Local substitution means replacing imported raw
materials with locally available alternatives. For instance, cassava starch can substitute for
imported industrial starch, and locally mined kaolin can replace imported clay in ceramics. Such
substitution reduces dependency on foreign exchange, promotes self-reliance, and stimulates
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local industries. In addition, investment in research, innovation, and infrastructure can unlock
new opportunities for industrial development.

Fill in the blank: Replacing imported raw materials with locally available alternatives is called
local

Opportunities for local substitution in Nigerian industries

e Cassava starch as a substitute forimported industrial starch.
e Kaolin as a substitute for imported clay in ceramics.

e Localsourcing reduces dependency on foreign exchange.

e Research and innovation create new industrial opportunities.

Pilot questions 1.3

What is the difference between availability andaccessibility of raw materials?

Give one example of a raw material that is available in Nigeria but not easily accessible.
What is meant by logistics in the context of raw material supply?

Name two challenges affecting Nigeria’s supply chain.

What is local substitution, and why is t important for industrial development?

agprowOd=

Series Summary

This Series has highlighted the importance of examining Nigerian industries in relation to their
raw material needs. Its purpose was to provide you with a clear understanding of how industrial
growth is shaped by the availability, accessibility, and sourcing of raw materials, and why this
knowledge is essential for national development and resource management.

Webegan with an overview of Nigerian industries, looking at their classification, key sectors,
and regional distribution. We then explored the raw material requirements of these industries,
focusing on manufacturing inputs, agricultural resources, and the balance between imported and
locally sourced materials. Finally, we considered the challenges and opportunities in raw
material supply, including issues of availability, logistics, and the potential for local substitution.
In line with the Series Learning Outcomes, you should now be able to describe industry
classifications, explain sectoral contributions, analyse regional distribution, identify raw material
needs, differentiate between imported and local sources, and evaluate both challenges and
opportunities in supply for industrial development.
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Concept Check Questions [Series 1]

Objective Questions

Define manufacturing industries. (Linked to SLO 1.1)

State the sector regarded as the backbone of Nigeria’s economy. (Linked to SLO 1.2)

3. Identify the region of Nigeria where oil and gas industries are concentrated. (Linked to SLO
1.3)

4. Listtwo examples of raw materials used in Nigerian manufacturing industries. (Linked to
SLO 1.4)

5. Name one agricultural raw material used in the leather industry. (Linked to SLO 1.5)

N =

Short-Answer Questions

6. Explain the difference between imported and locally sourced raw materials. (Linked to SLO
1.6)

7. Describe one challenge related to the accessibility of raw. materials in Nigeria. (Linked to
SLO 1.7)

8. Analyse how poor logistics affect industrial productivity in Nigeria. (Linked to SLO 1.8)

9. Demonstrate with an example how local substitution can reduce dependency on imports.

(Linked to SLO 1.9)
10. Apply your knowledge to suggest one agricultural raw material that can be developed
further for industrial use. (Linked to SLO 1.5)

Long-Answer Questions

11. Discuss the classification of Nigerian industries and their contributions to national
development.(Linked to SLO 1.1, SLO 1.2)

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

12. Evaluate the importance of raw material sourcing in Nigerian industries, highlighting the
balance between imports and local resources. (Linked to SLO 1.4, SLO 1.5, SLO 1.6)

e Basic response: Based on Series-only knowledge.
¢ Value-added response: For outstanding learners who go beyond the basics.
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13. Appraise the challenges and opportunities in Nigeria’s raw material supply, focusing on
accessibility, logistics, and local substitution. (Linked to SLO 1.7, SLO 1.8, SLO 1.9)

o 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

Manufacturing industries are those that transform raw materials into finished goods.
The oil and gas sector.

The South-South region.

Iron ore and limestone.

Hides and skins.

aprowN=

Short-Answer Questions

6. Imported raw materials are sourced from other countries, while locally sourced raw
materials are obtained within Nigeria.

7. Poorinfrastructure limits access to raw materials even when they are available.

8. Poor logistics increase costs, delay production, and reduce competitiveness.

9. Cassava starch can substitute forimported industrial starch, reducing foreign dependency.

10. Rubber can be further developed for.use in tyre and footwear industries.

Long-Answer Questjons

11. Basic response: Nigerian industries are classified into manufacturing, processing, and
service-based sectors. Manufacturing transforms raw materials into finished goods,
processing refines them, and service industries provide intangible products. Together,
they contribute to national development by creating jobs and supporting economic
growth.

Value-added response: Outstanding learners may add that industrial classification also
reflects regional strengths, such as oil and gas in the South-South, manufacturing in the
South-West, and agriculture in the North. This distribution highlights the interplay
between resource endowment and industrial activity.

12. Basic response: Raw material sourcing is vital for Nigerian industries. Imports provide
specialised inputs, while local resources such as agricultural products and minerals
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support domestic production. Balancing both ensures steady industrial growth.
Value-added response: Outstanding learners may add that over-reliance on imports
increases costs and foreign exchange dependency, while local sourcing promotes self-
reliance. Policies encouraging local substitution and investment in research can
strengthen industrial resilience.

13. Basic response: Challenges include limited accessibility, poor logistics, and high
dependency on imports. Opportunities lie in local substitution and industrial innovation.
Value-added response: Outstanding learners may add that addressing these challenges
requires infrastructure investment, supply chain reforms, and research into-alternative raw
materials. Such measures can reduce costs, enhance competitiveness, and drive
sustainable industrial development.

Answers to Pilot Questions [Series 1]

Answers to Pilot Questions 1.1

Manufacturing, processing, and service-based industries.

Manufacturing industries.

Oil and gas, agriculture, construction, telecommunications, and manufacturing.
Oil and gas sector.

South-South region.

aoprpODd=

Answers to Pilot Questions 4.2

1. Raw materials are basic substances used in production processes to create finished
goods.

2. lron ore and limestone.

3. Cocoa for beverages, palm.oil for food and cosmetics, hides and skins for leather, rubber
for tyres.

4. Raw materials sourcedfrom other countries.

5. Local'sourcing promotes self-reliance, reduces costs, and supports domestic industries.

Answers to Pilot Questions 1.3

1. Availability refers to whether raw materials exist in sufficient quantity, while accessibility
refers to the ease of obtaining and using them.

Limestone, which is abundant but limited by poor mining technology.

Logistics is the planning and management of the movement of raw materials.

Poor road networks and port congestion.

Local substitution, because it reduces dependency on imports and strengthens domestic
industries.

AN
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Series 2: Mineral Chemistry, Fossils, and
Their Industrial Uses

Part 1 Mineral chemistry and industrial relevance

2.1.1 Definition and scope of mineral chemistry
2.1.2 Common minerals in Nigeria and their chemical properties
2.1.3 Industrial applications of minerals (cement, ceramics, metallurgy, etc.)

Part 2 Fossils and their uses

2.2.1 Definition and types of fossils
2.2.2 Fossil fuels and their chemistry
2.2.3 Industrial uses of fossils (energy, raw materials, manufacturing)

Part 3 Integration of minerals and fossils indndustry

2.3.1 Comparative importance of minerals and fossils
2.3.2 Case studies of Nigerian industries using minerals and fossils
2.3.3 Opportunities for sustainable utilisation

Introduction

Minerals and fossils form the backbone of many industrial processes, from the production of
cement and ceramics to the generation of energy through fossil fuels. Their chemistry and
applications are central to understanding how industries transform natural resources into valuable
products. By studying mineral chemistry and fossil utilisation, you will gain insight into the
scientific principles and practical uses that sustain industrial growth and resource management.

The aim of this Series is to introduce you to the chemistry of minerals and fossils, and to equip
you with the knowledge of how these resources are applied in industry. You will be guided to
appreciate their chemical properties, industrial relevance, and the opportunities they present for
sustainable utilisation.

We shall commence this Series by examining mineral chemistry and its industrial relevance,
focusing on definitions, common minerals in Nigeria, and their applications. Next, we will
explore fossils and their uses, considering fossil fuels, their chemistry, and industrial
applications. Finally, we will wrap up by integrating minerals and fossils in industry, comparing
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their importance, reviewing case studies, and highlighting opportunities for sustainable
utilisation.

Series Learning Outcomes

Upon completing this Series, you should be able to:

define mineral chemistry and explain its scope in relation to industrial applications,

describe common minerals found in Nigeria and outline their chemical properties,

analyse the industrial relevance of minerals in sectors such as cement, ceramics, and
metallurgy,

define fossils and distinguish between different types,

explain the chemistry of fossil fuels and their role in energy production,

evaluate the industrial uses of fossils in manufacturing and resource supply,

compare the importance of minerals and fossils in Nigerian industries,

appraise case studies of Nigerian industries that utilise minerals and fossils, and

assess opportunities for sustainable utilisation of minerals and fossils in industrial
development.

2.1 Mineral Chemistry and Industrial Relevance

2.1.1 Definition and scope of mineral chemistry

Mineral chemistry is the study of the chemical composition, structure, and properties of
minerals. Minerals-are naturally occurring inorganic substances with a definite chemical
composition and crystalline structure. This field of study helps us understand how minerals form,
how they interact with other substances, and how they can be applied in industry. The scope of
mineral chemistry includes identifying minerals, analysing their chemical behaviour, and
determining their suitability for industrial processes.

Fill in the blank: Minerals are naturally occurring substances with a definite
chemical composition and crystalline structure.
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CRYSTLALINE STRUCTURES OF
COMMON MINERALS
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MINERALOGY & MATERIALS SCIENCE VISULIZATION

Figure 2.1 Crystalline structure of minerals

2.1.2 Common minerals in Nigeria and their chemical properties

Nigeria is endowed with a wide range of minerals, each with distinct chemical properties that
determine their industrial applications. For example, limestone (calcium carbonate) is used in
cement production, kaelin (hydrated aluminium silicate) is applied in ceramics and paper
coating, and iren ore (iron oxides) is essential for steel manufacturing. The chemical properties,
such as hardness, solubility, and reactivity, influence how these minerals are processed and
utilised.

Fill in the blank: Limestone, kaolin, and iron ore are examples of found in Nigeria.

Plate 2.1 Common minerals in Nigeria

2.1.3 Industrial applications of minerals

Minerals play a vital role in industrial development. Limestone is used in cement and glass
production, kaolin in ceramics and pharmaceuticals, iron ore in steel manufacturing, and
gypsum in plaster and fertilisers. These applications demonstrate how mineral chemistry
supports industries by providing essential raw materials. The ability to match mineral properties
with industrial needs ensures efficiency and sustainability.
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Fill in the blank: The mineral used in cement and glass production is

Selected industrial applications of Nigerian minerals

Limestone: cement, glass.

Kaolin: ceramics, pharmaceuticals, paper coating.
Iron ore: steel manufacturing.

Gypsum: plaster, fertilisers.

Pilot questions 2.1

What is mineral chemistry?

State the chemical composition of limestone.

Name two common minerals found in Nigeria and their uses.
Which mineral is essential for steel manufacturing?

Give one industrial application of gypsum.

2.2 Fossils and Their Uses
2.2.1 Definition and types of fossils

Fossils are the preserved remains, impressions, or traces of plants, animals, and other organisms
from the past, typically found in sedimentary rocks. They provide evidence of ancient life and
are classified into different types such as body fossils (actual remains like bones or shells) and
trace fossils (footprints, burrows, or imprints). Fossils are important not only for understanding
Earth’s history but also for their industrial relevance, particularly when they occur as fossil fuels.

Fill in the blank: The preserved remains, impressions, or traces of ancient organisms are called
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TYPES & FOSSILS

BODY FOSSILES & TRACE FOSILS

1. BODY FOSSILS 2. TRACE FOSILS
= Actual remains of organisms - Evidence
= Hard parts: Bones, Teeth, Shell organism activity

= Hard parts: Teeth, Shell : . : = Ichnofisols: Footprints, Burrows
= Preserved through perminenlization, e Indicates behavior & environment

molds/casts

=

PALEONTOLOGY & GEOLOGY VISUALIZATION OF FOSSIL EVIDENCE

Figure 2.2 Types of fossils

2.2.2 Fossil fuels and their chemistry

Fossil fuels are energy-rich substances formed from the remains of ancient plants and animals,
subjected to heat and pressure over millions of years. The main fossil fuels are coal, petroleum,
and natural gas. Chemically, they are composed primarily of hydrocarbons, which are
compounds of carbon and hydrogen. Their combustion releases energy that powers industries,
transportation, and households. However, fossil fuels also produce carbon dioxide, contributing
to environmental challenges such as climate change.

Fill in the blank: Coal, petroleum, and natural gas are examples of fuels.
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FOSSIL FUELS: COAL, CRUDE OIL, & NATURAL GAS
Plate 2.2 Fossil fuels in industry

2.2.3 Industrial uses of fossils

Fossils, particularly fossil fuels, have wide-ranging industrial uses. Coal is used in electricity
generation and steel production, petroleum is refined into fuels and petrochemicals, and natural
gas is applied in power generation, fertiliser production, and as a household energy source.
Beyond fuels, fossils such as limestone fossils are used in cement production, while fossilised
organic matter contributes to industrial raw materials. These applications demonstrate how
fossils serve as both energy sources and feedstock for manufacturing.

Fill in the blank: The fossil fuel commonly used in fertiliser production is

Selected industrial uses of fossils

Coal: electricity generation, steel production.

Petroleum: fuels, petrochemicals.

Natural gas: power generation, fertiliser production, household energy.
Fossilised limestone: cement production.
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Pilot questions 2.2

What are fossils?

Distinguish between body fossils and trace fossils.

Name the three main fossil fuels.

What chemical compounds primarily make up fossil fuels?
Give two industrial uses of coal.

2.3 Integration of Minerals and Fossils in Industry

2.3.1 Comparative importance of minerals and fossils

Both minerals and fossils are indispensable to industrial development, though they serve
different functions. Minerals provide essential raw materials for construction, manufacturing,
and chemical industries, while fossils, particularly fossil fuels, supply energy and additional
feedstock for petrochemical industries. Their comparative importance lies in the fact that
minerals sustain material production, whereas fossils drive energy generation. Together, they
form the foundation of industrial growth and economic stability.

Fill in the blank: Minerals sustain matetial production, while fossils primarily supply
for industries.

ECONOMIC USES: MINERALS vs. FOSSILS

INDUSTRIAL MATERIALS & ENERGY RESOURCES
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Figure 2.3 Comparative importance of minerals and fossils




2.3.2 Case studies of Nigerian industries using minerals and fossils

Several Nigerian industries demonstrate the integration of minerals and fossils. The cement
industry relies heavily on limestone, gypsum, and fossil fuels for kiln operations. The steel
industry depends on iron ore and coal for smelting. The ceramics industry uses kaolin and
feldspar, while petroleum refineries process crude oil into fuels and petrochemicals. These case
studies highlight how industries combine mineral resources with fossil fuels to achieve
production efficiency.

Fill in the blank: The cement industry in Nigeria relies on limestone, gypsum, and
fuels for kiln operations.

INDUSTRIAL PROCESSES IN NIGERIA

Key Heavy Industries & Manufacturing

1. CEMENT PRODUCTION

2. STEEL SMELTING

NIGERIAN HEAVY INDUSTRIES: CEMENT, STEEL & PETROLEUM

Plate 2.3 Nigerianindustries integrating minerals and fossils

2.3.3 Opportunities for sustainable utilisation

The integration of minerals and fossils presents opportunities for sustainable utilisation, which
means using resources in ways that meet present needs without compromising future
generations. Sustainable utilisation involves promoting local substitution, investing in renewable
energy to. complement fossil fuels, and adopting efficient mining and refining technologies. By
balancing mineral extraction with fossil fuel use, Nigeria can reduce environmental impacts and
enhance industrial resilience.

Fill in' the blank: Using resources in ways that meet present needs without compromising future
generations is called utilisation.

Opportunities for sustainable utilisation of minerals and fossils

Promote local substitution of imported raw materials.
Invest in renewable energy alongside fossil fuels.
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Adopt efficient mining and refining technologies.
Balance resource extraction with environmental protection.

Pilot questions 2.3

What is the comparative importance of minerals and fossils in industry?

Give one example of a Nigerian industry that integrates minerals and fossils.
Which mineral is essential for steel production in Nigeria?

What does sustainable utilisation mean in the context of minerals and fossils?
Suggest one strategy for achieving sustainable utilisation of resources in Nigeria.

Series Summary

This Series has focused on the chemistry of mineralsand fossils, highlighting their significance
as industrial resources. Its purpose was to help yowappreciate how these natural materials
underpin industrial growth, both as raw materials and as energy sources. By examining their
properties and uses, you have gained insight into how industries transform these resources into
products that sustain economic development.

We began by exploring mineral chemistry; considering definitions, common Nigerian minerals,
and their industrial relevance. Then, we moved on to fossils, looking at their types, the chemistry
of fossil fuels, and their wide-ranging industrial applications. Finally, we integrated minerals and
fossils, comparing their importance, reviewing Nigerian case studies, and identifying
opportunities for sustainable utilisation. In line with the Series Learning Outcomes, you should
now be able to define mineral chemistry and fossils, describe their properties, analyse their
industrial relevance, evaluate their uses, and assess strategies for sustainable utilisation in
Nigerian industries.

Concept Check Questions [Series 2]

Objective Questions

Define mineral chemistry. (Linked to SLO 2.1)

State the chemical composition of limestone. (Linked to SLO 2.2)

Identify the mineral essential for steel manufacturing. (Linked to SLO 2.3)
Define fossils. (Linked to SLO 2.4)

Name the three main fossil fuels. (Linked to SLO 2.5)

Short-Answer Questions
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Explain one industrial application of kaolin. (Linked to SLO 2.3)

Describe the difference between body fossils and trace fossils. (Linked to SLO 2.4)
Analyse the role of hydrocarbons in fossil fuels. (Linked to SLO 2.5)

Evaluate one industrial use of coal. (Linked to SLO 2.6)

Compare the importance of minerals and fossils in Nigerian industries. (Linked to SLO 2.7)

Long-Answer Questions
Discuss common minerals found in Nigeria and their industrial relevance. (Linked to SLO 2.2, SLO 2.3)

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

Evaluate the chemistry and industrial uses of fossil fuels. (Linked to SLO 2.5, SLO 2.6)

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

Appraise opportunities for sustainable utilisation of minerals and fossils in Nigerian industries. (Linked to
SLO 2.9)

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

Answers to Concept Check Questions [Series 2]

Objective Questions

Mineral chemistry is the study of the chemical composition, structure, and properties of minerals.
Limestone is composed of calcium carbonate (CaCOs).

Iron ore.

Fossils are preserved remains, impressions, or traces of ancient organisms.

Coal, petroleum, and natural gas.

Short-Answer Questions

Kaolin is used in ceramics and paper coating.

Body fossils are actual remains such as bones or shells, while trace fossils are imprints like footprints or
burrows.

Hydrocarbons are compounds of carbon and hydrogen that release energy when combusted.

Coal is used in electricity generation and steel production.

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



Minerals provide raw materials for manufacturing, while fossils supply energy and petrochemical
feedstock.

Long-Answer Questions

Basic response: Common Nigerian minerals include limestone, kaolin, iron ore, and gypsum.
They are used in cement, ceramics, steel, and fertilisers respectively.

Value-added response: Outstanding learners may add that Nigeria’s mineral wealth supports
diverse industries, but accessibility challenges limit full utilisation. They may also highlight
regional distribution, such as limestone in the South-West and iron ore in the Middle Belt.

Basic response: Fossil fuels such as coal, petroleum, and natural gas are composed of
hydrocarbons and are used in electricity generation, transportation, fertiliser production, and
petrochemicals.

Value-added response: Outstanding learners may add that while fossil fuels drive
industrialisation, they also contribute to environmental issues like carbon emissions. They may
suggest renewable energy integration as a complementary strategy.

Basic response: Sustainable utilisation involves promoting local substitution, investing in
renewable energy, and adopting efficient mining and refining technologies.

Value-added response: Outstanding learners may-add that sustainability requires balancing
industrial growth with environmental protection, encouraging research into alternative raw
materials, and implementing policies that reduce dependency on imports while fostering
innovation.

Answers to Pilot Questions [Series 2]

Answers to Pilot Questions 2.1

Mineral chemistry is the study of the chemical composition, structure, and properties of minerals.
Calcium carbonate (CaCOs).

Limestone, kaolin, and iron ore.

Iron ore.

Gypsumiis used in plaster and fertilisers.

Answers to Pilot Questions 2.2

Fossils are preserved remains, impressions, or traces of ancient organisms.

Body fossils are actual remains such as bones or shells, while trace fossils are imprints like footprints
or burrows.

Coal, petroleum, and natural gas.
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Hydrocarbons (compounds of carbon and hydrogen).
Electricity generation and steel production.

Answers to Pilot Questions 2.3

Minerals provide raw materials for construction and manufacturing, while fossils supply energy and
petrochemical feedstock.

The cement industry integrates limestone, gypsum, and fossil fuels.

Iron ore.

Sustainable utilisation means using resources in ways that meet present needs without
compromising future generations.

Promoting local substitution of imported raw materials.

Series 3: Plant and Animal Products in
Industrial Applications

Part 1 Plant products and their industrial uses
3.1.1 Agricultural crops as raw materials (cotton, cocoa, palm oil, rubber)
3.1.2 Forestry products and their applications (timber, cellulose, resins)
3.1.3 Case studies of Nigeriandndustries using plant products
Part 2 Animal products and their industrial uses
3.2.1 Livestock-derived raw materials (hides and skins, wool, bones)
3.2.2 Marine-derived raw materials (fish oils, shells, chitin)
3.2.3 Case studies of Nigerian industries using animal products
Part 3 Integration and sustainability of plant and animal products in industry
3.3.1 Comparative importance of plant versus animal products

3.3.2 Opportunities for value addition and substitution
3.3.3 Sustainable utilisation strategies

Introduction

Across the world, industries rely heavily on natural resources, and Nigeria is no exception.
Beyond minerals and fossil fuels, plant and animal products provide essential raw materials that
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sustain diverse sectors such as textiles, food processing, pharmaceuticals, and construction. From
cotton and palm oil to hides, wool, and marine derivatives, these resources demonstrate how
agriculture and animal husbandry are deeply connected to industrial growth. This Series will help
you appreciate the chemistry, applications, and sustainability of plant and animal products in
industry.

The aim of this Series is to introduce you to the industrial relevance of plant and animal products
and to equip you with the knowledge of how these resources are integrated into Nigerian
industries. You will be guided to recognise their applications, compare their importance, and
evaluate strategies for sustainable utilisation.

We shall commence this Series by exploring plant products and their industrial uses, focusing on
agricultural crops, forestry products, and case studies of Nigerian industries. Next, we will move
on to animal products, examining livestock-derived and marine-derived raw materials, supported
by relevant case studies. Finally, we will wrap up by integrating plant and animal products in
industry, comparing their importance, identifying opportunities for value addition, and
highlighting strategies for sustainable utilisation.

Series Learning Outcomes

Upon completing this Series, you should be able to:

define plant products and explain their role as raw materials in industry,

describe the industrial applications of agricultural crops such as cotton, cocoa, palm oil, and
rubber,

analyse the uses of forestry products including timber, cellulose, and resins in Nigerian
industries,

explain animal products derived from livestock such as hides, skins, wool, and bones,

describe marine-derived raw materials such as fish oils, shells, and chitin and their industrial
relevance,

evaluate case studies of Nigerian industries that utilise plant and animal products,

compare the importance of plant and animal products in industrial applications,

identify opportunities for value addition and substitution using plant and animal resources,
and

assess strategies for sustainable utilisation of plant and animal products in industry.

3.1 Plant Products and Their Industrial Uses

3.1.1 Agricultural crops as raw materials

Agricultural crops provide some of the most important plant products, which are natural
substances derived from farming activities and used as raw materials in industry. Examples
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include cotton, which is used in textiles, cocoa, which supports the food and beverage industry,
palm oil, which is applied in food processing and cosmetics, and rubber, which is essential for
tyre and footwear production. These crops demonstrate how agriculture directly feeds into
industrial growth by supplying renewable raw materials.

Fill in the blank: Cotton, cocoa, palm oil, and rubber are examples of products used
in industry.

NIGERIAN AGRICULTURAL PRODUCTS: COTTON, COCOA, PALM OIL, RUBBER
VISUALIZATION OF RAW MATERIALS AND HARVESTING PROCESSES

Plate 3.1 Agricultural crops as industrial raw materials

3.1.2 Forestry products and their applications

Forests provide valuableforestry products, which are materials obtained from trees and other
forest resources for industrial use. Examples include timber, used in construction and furniture
making, cellulose, extracted for paper production, and resins, which are applied in varnishes,
adhesives, and paints. These products highlight the importance of forestry in supporting
industries that rely on durable and versatile plant-based materials.

Fill in the blank: Timber, cellulose, and resins are examples of products obtained
from forests.
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FORESTRY PRODUCTS & INDUSTRIAL USES

From Trees to Essential Materials
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1. TIMBER 2. CELLUMOSE 3. RESINS
(LUMBER) (POY MERS) (NATURAL GUMS)

= Construction - Textiles (Rayon, Viscoe) - Adhesives/Paints
(frames, beams) : f
. - Biplastics/Films = Varnishes/Coatings
= Furniture

C Phner/Biilp (oneradt) = Thickening agent - Fragrances/Food Additives

TRANSFORMING RENEWABLE FOREST RESOURCES INTO DIVERSE PRODUCTS

Figure 3.1 Forestry products and their industrial applications

3.1.3 Case studies of Nigerian industries using plant products

Several Nigerian industries rely heavily on plant products. The textile industry depends on
cotton, the food and beverage industry uses cocoa and palm oil, and the tyre industry relies on
rubber. The paper industry is supported by cellulose from forestry, while the furniture industry
thrives on timber. These case studies show how plant products are integrated into industrial
processes, creating employment opportunities and contributing to economic development.

Fill in the blank: The Nigerian textile industry depends largely on as its primary raw
material.

Case studies of Nigerian industries using plant products

Textile industry: cotton.

Food and beverage industry: cocoa, palm oil.
Tyre industry: rubber.

Paper industry: cellulose.

Furniture industry: timber.

3
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Pilot questions 3.1

What are plant products in the context of industry?

Name four agricultural crops that serve as industrial raw materials.
Give two examples of forestry products and their uses.

Which plant product is essential for the Nigerian textile industry?
Mention one Nigerian industry that relies on rubber.

3.2 Animal Products and Their Industrial Uses

3.2.1 Livestock-derived raw materials

Animal products are substances obtained from animals that serve as raw materials in industry.
Livestock provides several important products such as hides and skins, which are processed into
leather for footwear, bags, and upholstery. Wool, obtained from sheep, is used in textiles for
clothing and carpets. Bones are processed into bone meal for fertilisers and animal feed, while
also serving as raw materials in certain chemical industries. These examples show how livestock
contributes significantly to industrial development.

Fill in the blank: Hides and skins are processed-into , which is widely used in
footwear and upholstery.

INDUSTRIAL MATERIAL PROCESSING:
Transforming Raw Resources
Visualizing Production of Everyday Goods

1. LEATHER
PROCESSING

) % Animal Bones

LS —
Py | . -
Liming/Unhairing - Boiling/

E Sterilization
—_—
Spinning E v . o)
Drying/Finishing | one eal

« Converts animal hides - Transforms raw wool fibers Grinds sterliized bones
into durable leather. into yarn. powder.
= Used for textiles, clothing. Fertiizer (Phosprous, Calcium).

= Multi-step chemical & Animal Feed Supplement
mechanical process.

RAW MATERIALS — INDUSTRIAL CONVERSION — VALUABLE PRODUCTS

Plate 3.2 Livestock-derived raw materials for industry

3.2.2 Marine-derived raw materials
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Marine resources also provide valuable marine-derived raw materials, which are substances
obtained from aquatic animals and plants for industrial use. Examples include fish oils, used in
pharmaceuticals, cosmetics, and nutritional supplements; shells, which are processed into lime
for cement and fertilisers; and chitin, a natural polymer from crustacean shells, applied in
bioplastics, water treatment, and medical products. These resources highlight the diverse
contributions of marine life to industrial applications.

Fill in the blank: The natural polymer obtained from crustacean shells and used in bioplastics is
called

- -

NIGERIAN AGRICULTURAL PRODUCTS: COTTON, COCOA, PALM OIL, RUBBER
VISUALIZATION OF RAW MATERIALS AND HARVESTING PROCESSES

Figure 3.2 Marine-derived raw materials and their industrial applications

3.2.3 Case studies of Nigerian industries using animal products

Several Nigerian industries rely on animal products for their operations. The leather industry in
Kano is renowned for processing hides and skins into high-quality leather goods. The textile
industry uses wool for clothing and carpets. Fertiliser companies utilise bone meal and shell-
derived lime, while pharmaceutical industries incorporate fish oils into nutritional supplements.
These case studies demonstrate how animal products are integrated into industrial processes,
supporting both local and international markets.

Fill in the blank: The Nigerian city renowned for its leather industry is

Case studies of Nigerian industries using animal products
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Leather industry (Kano): hides and skins.

Textile industry: wool.

Fertiliser industry: bone meal, shell-derived lime.
Pharmaceutical industry: fish oils.

Pilot questions 3.2

What are animal products in the context of industry?

Name three livestock-derived raw materials and their uses.

Give two examples of marine-derived raw materials and their applications.
Which Nigerian city is famous for its leather industry?

Mention one industrial use of fish oils.

3.3 Integration and Sustainability of Plant and Animal Products in Industry

3.3.1 Comparative importance of plant versus-animal products

Both plant products (materials derived from crops and forests) and animal products (materials
obtained from livestock and marine sources) are vital to industrial development. Plant products
such as cotton, timber, and palm oil provide renewable raw materials for textiles, construction,
and food processing. Animal products such as hides, wool, and fish oils supply industries with
leather, textiles, and pharmaceuticals. Their comparative importance lies in the fact that plants
often provide bulk raw materials, while animals contribute specialised products with unique
properties.

Fill in the blank: Plant products provide bulk raw materials, while animal products contribute
products with unique properties.
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GLOBAL COMMODITIES: PLANT VS. ANIMAL PRODUCTS

Sources, Properties & Uses
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Figure 3.3 Comparative importance of plant and animal products

3.3.2 Opportunities for value addition and substitution

Value addition refers to processes that increase the economic worth of raw materials by
transforming them into finished or semi-finished goods. For example, cotton can be processed
into textiles, palm oil into cosmetics, and hides into leather goods. Substitution involves
replacing imported raw materials with locally available alternatives, thereby reducing
dependency on foreign resources. These opportunities strengthen local industries, create jobs,
and promote economic independence.

Fill in the blank: Transforming raw materials into finished or semi-finished goods to increase
their worth is called
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VALUE ADDITION IN NIGERIAN INDUSTRIES

Transforming Local Resources into High-Value Products
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Plate 3.3 Value addition of plant and animal products

3.3.3 Sustainable utilisation strategies

Sustainable utilisation means using resources in ways that meet present needs without
compromising the ability of future generations to meet theirs. For plant and animal products, this
involves responsible farming, controlled harvesting, efficient processing, and waste reduction.
Strategies include promoting agro-industrial integration, encouraging renewable alternatives, and
enforcing environmental regulations. By adopting these measures, industries can balance
resource use with ecological preservation.

Fill in the blank: Using resources responsibly to meet present needs without harming future
generations.is called utilisation.

Strategies for sustainable utilisation of plant and animal products

Promote agro-industrial integration.

Encourage renewable alternatives.

Enforce environmental regulations.

Adopt efficient processing and waste reduction methods.

-
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Pilot questions 3.3

What is the comparative importance of plant and animal products in industry?

Define value addition and give one example.

What does substitution mean in the context of industrial raw materials?

Explain the concept of sustainable utilisation.

Suggest one strategy for achieving sustainable utilisation of plant and animal products.

Series Summary

This Series has examined the role of plant and animal products as vital raw materials for
industrial development. Its purpose was to highlight how agriculture, forestry, livestock, and
marine resources contribute to Nigeria’s industries, providing renewable and specialised
materials that sustain economic growth. By studying their chemistry, applications, and
sustainability, you have gained an appreciation of how these resources are integrated into
industrial processes.

We began by exploring plant products, focusing on agricultural crops such as cotton, cocoa,
palm oil, and rubber, as well as forestry products like timber, cellulose, and resins. Then, we
moved on to animal products, considering livestock-derived materials such as hides, wool, and
bones, alongside marine-derived resources including fish oils, shells, and chitin. Finally, we
integrated both categories, comparing their importance, identifying opportunities for value
addition and substitution, and highlighting strategies for sustainable utilisation. In line with the
Series Learning Outcomes, you should now be able to define plant and animal products, describe
their applications, analyse their industrial relevance, evaluate case studies, and assess strategies
for sustainable use in Nigerian industries.

Concept Check Questions [Series 3]

Objective Questions

Define plant products/in the context of industry. (Linked to SLO 3.1)

Identify two agricultural crops that serve as industrial raw materials. (Linked to SLO 3.2)
State one forestry product used in paper production. (Linked to SLO 3.3)

Define animal products in the context of industry. (Linked to SLO 3.4)

Name the natural polymer obtained from crustacean shells. (Linked to SLO 3.5)

Short-Answer Questions

Explain one industrial use of palm oil. (Linked to SLO 3.2)

Describe the difference between hides and wool as industrial raw materials. (Linked to SLO 3.4)
Analyse the role of fish oils in pharmaceutical industries. (Linked to SLO 3.5)

Evaluate one Nigerian industry that relies on plant products. (Linked to SLO 3.6)

Compare the importance of plant and animal products in Nigerian industries. (Linked to SLO 3.7)
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Long-Answer Questions

Discuss agricultural and forestry products in Nigeria and their industrial relevance. (Linked to SLO 3.2,
SLO 3.3)

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

Evaluate livestock-derived and marine-derived animal products and their industrial applications. (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 opportunities for value addition, substitution, and sustainable utilisation of plant and animal
products in Nigerian industries. (Linked to SLO 3.8, 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

Plant products are natural substances derived from crops and forests used as raw materials in
industry.

Cotton and cocoa.

Cellulose.

Animal products are substances obtained from livestock and marine sources used as raw materials
inindustry.

Chitin.

Short-Answer Questions

Palm oil is used in food processing and cosmetics.

Hides are processed into leather for footwear and upholstery, while wool is spun into textiles for
clothing and carpets.

Fish oils are used in pharmaceuticals and nutritional supplements due to their omega-3 fatty acids.
The textile industry relies on cotton for producing fabrics.

Plant products provide bulk raw materials such as timber and cotton, while animal products contribute
specialised materials such as leather and fish oils.

-

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



Long-Answer Questions

Basic response: Agricultural crops such as cotton, cocoa, palm oil, and rubber, alongside
forestry products like timber, cellulose, and resins, are widely used in Nigerian industries. Cotton
supports textiles, cocoa and palm oil support food and beverages, rubber supports tyre
production, timber supports furniture, and cellulose supports paper manufacturing.

Value-added response: Outstanding learners may add that Nigeria’s agricultural and forestry
resources are renewable and can reduce reliance on imports. They may also highlight regional
distribution, such as cocoa in the South-West and timber in the Middle Belt, and discuss
challenges such as deforestation and poor processing infrastructure.

Basic response: Livestock-derived products include hides and skins for leather, wool for
textiles, and bones for fertilisers. Marine-derived products include fish oils for pharmaceuticals,
shells for lime, and chitin for bioplastics. These products are integrated into industries such as
leather, textiles, fertilisers, and pharmaceuticals.

Value-added response: Outstanding learners may add that Nigeria’s leather industry in Kano is
internationally recognised, and marine resources offer untapped potential for biotechnological
applications. They may also discuss environmental concerns such as oyverfishing and the need for
improved processing technologies.

Basic response: Value addition involves transforming raw materials into finished goods,
substitution replaces imports with local alternatives, and sustainable utilisation ensures
responsible resource use. Strategies include agro-industrial integration, renewable alternatives,
and environmental regulation.

Value-added response: Outstanding learners may add that Nigeria can achieve greater
economic independence by investing in processing industries, promoting exports of finished
goods, and encouraging innovation in renewable bioproducts. They may also highlight the
importance of balancing industrial growth with ecological preservation.

Answers to Pilot Questions [Series 3]

Answers to Pilot Questions 3.1

Plant products are natural substances derived from crops and forests used as raw materials in
industry.

Cotton, cocoa, palm oil, and rubber.

Timber and cellulose; timber is used in construction and furniture, while cellulose is used in paper
production.

Cotton.

The tyre industry.

Answers to Pilot Questions 3.2
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Animal products are substances obtained from livestock and marine sources used as raw materials
in industry.

Hides and skins for leather, wool for textiles, and bones for fertilisers or animal feed.

Fish oils for pharmaceuticals and nutrition; shells for lime in cement and fertilisers.

Kano.

Pharmaceuticals and nutritional supplements.

Answers to Pilot Questions 3.3

Plant products provide bulk raw materials such as cotton and timber, while animal products
contribute specialised materials such as leather and fish oils.

Value addition; for example, cotton processed into textiles.

Substitution means replacing imported raw materials with locally available alternatives.

Sustainable utilisation means using resources responsibly to meet present needs without harming
future generations.

Promoting agro-industrial integration.

Series 4: Nuclear, Solar, Aerodynamic, Wind,
and Hydrodynamic Sources of Energy

Part 1 Nuclear and solar energy sources

4.1.1 Nuclear energy: principles and industrial applications

4.1.2 Solar energy: conversion methods and uses

4.1.3 Case studies of nuclear and solar energy in Nigeria and globally
Part 2 Wind and hydrodynamic energy sources

4.2.1 Wind energy: turbines and industrial relevance

4.2.2 Hydrodynamic energy: hydroelectricity and tidal power

4.2.3 Case studies of wind and hydrodynamic energy in Nigeria and globally
Part 3 Integration and sustainability of energy sources

4.3.1 Comparative importance of nuclear, solar, wind, and hydrodynamic energy

4.3.2 Opportunities for renewable energy adoption in Nigeria
4.3.3 Strategies for sustainable utilisation of energy sources
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Introduction

Energy is central to industrial growth and everyday life, yet the sources from which it is derived
vary widely in their nature, availability, and sustainability. Beyond traditional fossil fuels,
alternative sources such as nuclear, solar, wind, and hydrodynamic energy are increasingly
important in meeting global energy demands. This Series will help you understand how these
sources work, their industrial applications, and their potential for supporting Nigeria’s‘energy
future.

The aim of this Series is to introduce you to the principles and uses of nuclear, solar, wind, and
hydrodynamic energy, and to equip you with the knowledge to evaluate their.comparative
importance and sustainability in industrial contexts.

We shall commence this Series by examining nuclear and solar energy sources, focusing on their
principles, conversion methods, and applications. Next, we will move on to wind and
hydrodynamic energy, considering turbines, hydroelectricity, and tidal power, supported by
relevant case studies. Finally, we will wrap up by integrating all these energy sources, comparing
their importance, identifying opportunities for renewable energy adoption, and highlighting
strategies for sustainable utilisation.

Series Learning Outcomes

Upon completing this Series, you should be able to:

define nuclear energy and explain its principles in relation to industrial applications,

describe methods of solar energy conversion and identify their uses in industry,

analyse case studies of nuclear and solar energy utilisation in Nigeria and globally,

explain the principles of wind energy and demonstrate how turbines generate power,

describe hydrodynamic energy sources such as hydroelectricity and tidal power and their
industrial relevance,

evaluate case studies'of wind and hydrodynamic energy adoption in Nigeria and globally,

compare the importance of nuclear, solar, wind, and hydrodynamic energy sources in
industrial contexts,

identify opportunities for renewable energy adoption in Nigeria, and

assess strategies for sustainable utilisation of nuclear, solar, wind, and hydrodynamic energy
sources.

4.1 Nuclear and Solar Energy Sources

4.1.1 Nuclear energy: principles and industrial applications
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Nuclear energy is the energy released during nuclear reactions, particularly nuclear fission,
where the nucleus of a heavy atom such as uranium splits into smaller nuclei, releasing large
amounts of energy. This energy is harnessed in nuclear power plants to generate electricity.
Nuclear energy is valued for its high output and reliability, making it suitable for industries that
require stable and large-scale power supply. However, it also raises concerns about radioactive
waste management and safety.

Fill in the blank: The splitting of a heavy atomic nucleus to release energy is called nuclear

NUCLEAR FISSION IN A REACTOR: ENERGY RELEASE FROM URANIUM ATOMS

a 1. NEUTRON IMPACT ([ 2. FISSION EVENT RN 3. CHAIN REACTION E

ENERGY PELEAS]
(Heat) N2 N
= ~—
~ = y ——

Fission Product 1

Uranium-235 Uranium-235 T (e al, Kryptum)
(Fissile Isopste) Fission Product 1
(e-sl, Krypton)
* Nucleus splits Reactor Core
« Neutron hits Uraium-235 atom * Releases 2-3 new neutrons * New neutrons hit other U-23 atoms
« Atom becomes unsable * Massive energy is released (heat) * Process repeat, sustaning reaction
* Control rods absorb excess neutrons
) Generates heat for power
\ \_ NG J

PHYSICS & ENGINEERING VISUALIZATION OF NUCLEAR POWER 0

Figure 4.1 Nuclear fission process in energy generation

4.1.2'Solar energy: conversion methods and uses

Solar energy is the energy harnessed from sunlight using technologies such as photovoltaic
cells, which convert light directly into electricity, and solar thermal systems, which use mirrors
or collectors to concentrate sunlight for heating or power generation. Solar energy is renewable,
abundant, and environmentally friendly, making it increasingly important in industries such as

3
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agriculture (for irrigation pumps), manufacturing (for powering equipment), and domestic energy
supply.

Fill in the blank: Devices that convert sunlight directly into electricity are called
cells.

SOLAR ENERGY TECHNOLOGIES: PV VS. THERMAL

Harvesting Sunlight for Electricity & Heat

1. SOLAR PHOTOPTYACTIC 2. SOLAR THERMAL (HEAT
E£Z\ (ELECTRICITY) - (HEAT)

e Converts sunlight to electricity e Heats water/fluid
« Rootop/utlity-scale - Residential hot water
 Rooltop e Industrial process heat

Powers homes & grids

Key Takeaway: Different technologies for different energy needs

Plate 4.1 Solar energy conversion methods

4.1.3 Case studies of nuclear and solar energy in Nigeria and globally

Globally, countries such as France and Japan rely heavily on nuclear energy for electricity
generation, while Germany and China have invested significantly in solar energy infrastructure.
In Nigeria, solar energy is increasingly adopted in rural electrification projects, providing power
to communities not connected to the national grid. Although Nigeria does not currently operate
nuclear power plants, discussions on nuclear energy development highlight its potential to
diversify the country’s energy mix.

Fill in the blank: Nigeria has adopted energy in rural electrification projects to
provide power to off-grid communities.

o
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Case studies of nuclear and solar energy

France and Japan: nuclear power generation.
Germany and China: solar energy infrastructure.
Nigeria: solar energy for rural electrification.
Nigeria (potential): nuclear energy development.

Pilot questions 4.1

What is nuclear energy and how is it produced?

Define nuclear fission.

What are photovoltaic cells used for?

Mention two industrial applications of solar energy.

Give one example of how Nigeria is currently using solarenergy.

4.2 Wind and Hydrodynamic Energy Sources

4.2.1 Wind energy: turbines and industrial relevance

Wind energy is the process of harnessing kinetic energy from moving air masses and converting
it into electricity using wind turbines, which are machines with blades that rotate when wind
passes through them. The rotation‘drives a generator that produces electricity. Wind energy is
renewable, clean, and increasingly important in reducing reliance on fossil fuels. Industries
benefit from wind energy by using it to power manufacturing plants, reduce operational costs,
and contribute to sustainable energy supply.

Fill in the blank: Machines with blades that rotate to convert wind into electricity are called wind
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WIND TURBINE POWER:

Harnssing Renewable Energy

Visualizing to Structure & Electricity Generation
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Figure 4.2 Wind turbine structure and electricity generation

4.2.2 Hydrodynamic energy: hydroelectricity and tidal power

Hydrodynamic energy refers to energy derived from the movement of water, including rivers,
tides, and waves. The most common form is hydroelectricity, where flowing water drives
turbines to generate electricity. Another form is tidal power, which harnesses the rise and fall of
ocean tides. Hydrodynamic energy is renewable and reliable, particularly in regions with
abundant water resources. Industries use hydroelectricity to power large-scale operations, while
tidal power is increasingly explored for coastal energy supply.

Fill in the blank: The rise and fall of ocean tides can be harnessed to produce power.
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RENEWABLE ENERGY SYSTEMS: HYDROELETERIC & TIDAL POWER

VISUALIZATION OF CLAN ENERGY INFRASTUCTURE

Plate 4.2 Hydrodynamic energy sources: hydroelectricity and tidal power

4.2.3 Case studies of wind and hydrodynamic energy in Nigeria and globally

Globally, countriesisuch as Denmark and Germany have successfully integrated wind energy
into their national.grids, while Brazil and Canada rely heavily on hydroelectricity. In Nigeria,
small-scale wind projects have been introduced in northern regions, and hydroelectric dams such
as Kainji and ‘Shiroro provide significant portions of the country’s electricity. These case studies
highlight the potential of wind and hydrodynamic energy to diversify Nigeria’s energy mix and
support industrial growth.

Fill in the blank: Two major hydroelectric dams in Nigeria are and Shiroro.
Case studies of wind and hydrodynamic energy

Denmark and Germany: wind energy integration.

Brazil and Canada: hydroelectricity reliance.

Nigeria (North): small-scale wind projects.
Nigeria: Kainji and Shiroro hydroelectric dams.
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Pilot questions 4.2

What is wind energy and how is it generated?

Define hydrodynamic energy.

What is the most common form of hydrodynamic energy?
Name two countries that rely heavily on hydroelectricity.
Mention two hydroelectric dams in Nigeria.

4.3 Integration and Sustainability of Energy Sources

4.3.1 Comparative importance of nuclear, solar, wind, and hydrodynamic energy

Each energy source contributes uniquely to industrial development. Nuclear energy provides
high output and reliability, making it suitable for large-scale industries.‘Solar energy is abundant
and environmentally friendly, ideal for decentralised power supply. Wind energy offers clean
electricity through turbines, while hydrodynamicenergy ensures reliable power from
hydroelectric dams and tidal systems. Comparing these sources helps us understand their
strengths and limitations, and how they complement one another in building a balanced energy
mix.

Fill in the blank: Nuclear energy is valued for its output and reliability in large-scale
industries.
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GLOBAL ENERGY SOURCES: STRENGTHS & LIMITATIONS

Comparing Key Characteristics of Major Power Generation Technologies
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Key Takeway: Each source has trade-offs in cost, environmental impact, and reliability

Figure 4.3 Comparative importance of nuclear, solar, wind, and hydrodynamic energy

4.3.2 Opportunities for renewable energy adoption in Nigeria

Renewable energy adoption refers to the increased use of energy sources that are naturally
replenished, such as solar, wind, and hydrodynamic power. Nigeria has vast potential for
renewable energy due to its abundant sunlight, rivers, and coastal areas. Opportunities include
rural electrification projects using solar panels, wind farms in northern regions, and expansion of
hydroelectric dams. These initiatives can reduce dependence on fossil fuels, create jobs, and
support sustainable industrial growth.

Fill in the blank: Nigeria’s abundant sunlight provides great potential for energy
adoption.
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RENEWABLE ENERGY IN NIGERIA

Harnesing Diverse Natural Resources
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y
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1. SOLAR POWER
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RESOURCE POTENTIAL — SUSTAINABLE DEVELOPMENT — ENERGY SECURITY

Plate 4.3 Opportunities for renewable energy adoption in Nigeria

4.3.3 Strategies for sustainable utilisation of energy sources

Sustainable utilisation means using energy resources in ways that meet present needs without
compromising future generations. Strategies include diversifying the energy mix, investing in
renewable technologies, enforcing environmental regulations, and promoting efficient energy
use. For Nigeria, this inyvolves integrating nuclear, solar, wind, and hydrodynamic sources into
national planning while ensuring ecological preservation. Sustainable utilisation ensures long-
term energy security and industrial resilience.

Fill in the blank: Using energy resources responsibly to meet present needs without harming
future generations is called utilisation.

Strategies for sustainable utilisation of energy sources
Diversify the energy mix.

Invest in renewable technologies.
Enforce environmental regulations.
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Promote efficient energy use.

Pilot questions 4.3

What is the comparative importance of nuclear, solar, wind, and hydrodynamic energy
sources?

Define renewable energy adoption and give one example in Nigeria.

What does sustainable utilisation mean in the context of energy sources?

Suggest one opportunity for renewable energy adoption in Nigeria.

Mention one strategy for achieving sustainable utilisation of energy sources.

Series Summary

This Series has explored alternative sources of energy that are vital for industrial growth and
sustainable development. Its purpose was to highlight the principles, applications, and relevance
of nuclear, solar, wind, and hydrodynamic energy, while also considering their potential for
Nigeria’s energy future. By examining these sources, youhave gained insight into how they
complement one another and contribute to a diversified energy mix.

We began with nuclear and solar energy, focusing on their principles, conversion methods, and
case studies. Then, we moved on to wind and hydrodynamic energy, examining turbines,
hydroelectricity, and tidal power, supported by examples from Nigeria and globally. Finally, we
integrated these sources by comparing their importance, identifying opportunities for renewable
energy adoption, and discussing strategies for sustainable utilisation. In line with the Series
Learning Outcomes, you should now be able to define and explain each energy source, describe
their applications, analyse case studies, compare their importance, and evaluate strategies for
sustainable adoption in industrial contexts.

Concept Check Questions [Series 4]

Objective Questions
Define nuclear energy. (Linked to SLO 4.1)
Identify the process in which a heavy atomic nucleus splits to release energy. (Linked to SLO 4.1)
State the name of devices that convert sunlight directly into electricity. (Linked to SLO 4.2)

Mention one country that relies heavily on nuclear energy. (Linked to SLO 4.3)
Name two hydroelectric dams in Nigeria. (Linked to SLO 4.6)

Short-Answer Questions

Explain one industrial application of solar energy. (Linked to SLO 4.2)
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Describe how wind turbines generate electricity. (Linked to SLO 4.4)

Analyse the role of tidal power in energy generation. (Linked to SLO 4.5)

Evaluate one Nigerian case study of renewable energy adoption. (Linked to SLO 4.6, SLO 4.8)
Compare the importance of nuclear and solar energy in industrial contexts. (Linked to SLO 4.7)

Long-Answer Questions

Discuss nuclear and solar energy sources, highlighting their principles and industrial applications. (Linked
toSLO4.1,5L04.2,SL0O 4.3)

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

Evaluate wind and hydrodynamic energy sources, explaining their relevance to Nigeria and global case
studies. (Linked to SLO 4.4, SLO 4.5, SLO 4.6)

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

Appraise opportunities for renewable energy adoption.and strategies for sustainable utilisation in
Nigeria. (Linked to 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

Nuclear energy is the energy released during nuclear reactions, especially nuclear fission.
Nuclear fission.

Photovoltaic cells.

France.

Kainji and Shiroro.

Short-Answer Questions

Solar energy is used in agriculture to power irrigation pumps and in manufacturing to run equipment.
Wind turbines convert kinetic energy from moving air into mechanical rotation, which drives a generator
to produce electricity.

Tidal power harnesses the rise and fall of ocean tides to generate electricity, providing reliable coastal
energy.

Nigeria has adopted solar energy in rural electrification projects to provide power to off-grid
communities.
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Nuclear energy provides high output and reliability for large-scale industries, while solar energy is
abundant, renewable, and suitable for decentralised applications.

Long-Answer Questions

Basic response: Nuclear energy is produced through nuclear fission, releasing large amounts of
energy for electricity generation. Solar energy is harnessed through photovoltaic cells and solar
thermal systems, used in agriculture, manufacturing, and domestic supply.

Value-added response: Outstanding learners may add that nuclear energy is widely used in
countries like France and Japan, while Germany and China lead in solar adoption. They may also
discuss Nigeria’s current reliance on solar for rural electrification and the potential for nuclear
energy development.

Basic response: Wind energy is generated through turbines that convert Kinetic energy into
electricity, while hydrodynamic energy includes hydroelectricity and tidal power. Nigeria uses
hydroelectric dams such as Kainji and Shiroro, and small-scale wind projects in the north.
Value-added response: Outstanding learners may add that Denmark and Germany have
successfully integrated wind energy, while Brazil and Canada rely heavily on hydroelectricity.
They may also highlight Nigeria’s potential for expanding renewable energy infrastructure to
diversify its energy mix.

Basic response: Opportunities for renewable energy adoption in Nigeria include solar panels for
rural electrification, wind farms in northern regions, and hydroelectric dams. Strategies for
sustainable utilisation include diversifying the energy mix, investing in renewable technologies,
and enforcing environmental regulations.

Value-added response: Outstanding learners may add that Nigeria can achieve energy
independence by promoting innovation in renewable technologies, exporting finished energy
products, and balancing industrial growth with ecological preservation.

Answers to Pilot Questions [Series 4]

Answers to Pilot Questions 4.1

Nuclear energy is the energy released during nuclear reactions, especially nuclear fission.

Nuclear fission.

Photovoltaic cells.

Solar energy can be used in agriculture for irrigation pumps and in manufacturing for powering
equipment.

Nigeria is currently using solar energy in rural electrification projects.

Answers to Pilot Questions 4.2
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Wind energy is generated by harnessing kinetic energy from moving air using wind turbines.

Hydrodynamic energy is energy derived from the movement of water, including rivers, tides, and
waves.

Hydroelectricity.

Brazil and Canada.

Kainji and Shiroro.

Answers to Pilot Questions 4.3

Nuclear energy provides high output and reliability, solar energy is abundant and renewable, wind
energy is clean and turbine-based, while hydrodynamic energy is reliable through hydroelectric
dams and tidal systems.

Renewable energy adoption refers to increased use of naturally replenished sources/such as solar,
wind, and hydrodynamic power; an example in Nigeria is rural electrification.using solar panels.

Sustainable utilisation means using energy resources responsiblyto meet present needs without
compromising future generations.

Nigeria’s abundant sunlight provides opportunities for solar energy adoption.

Diversifying the energy mix.

Series 5: Potentials and Applications of Locally
Available Raw Materials as Industrial Feedstock

Part 1 Potentials of locally available raw materials
5.1.1 Definition and scope of locally available raw materials
5.1.2 Categories of raw materials in Nigeria (agricultural, mineral, marine, forestry)
5.1.3 Assessment of industrial potential

Part 2 Applications of locally available raw materials as feedstock
5.2.1-Agricultural raw materials in food, textile, and pharmaceutical industries
5.2.2 Mineral raw materials in construction and chemical industries
5.2.3 Marine and forestry raw materials in specialised industries

Part 3 Integration and sustainability of local raw materials in industry
5.3.1 Comparative advantages of local versus imported feedstock

5.3.2 Opportunities for value addition and industrial innovation
5.3.3 Strategies for sustainable utilisation and policy support
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Introduction

Across Nigeria and many other developing economies, industries often depend heavily on
imported raw materials, even though a wide range of valuable resources are locally available.
These local resources, drawn from agriculture, minerals, marine life, and forestry, hold immense
potential as industrial feedstock. By exploring their applications, we can better appreciaté how
they contribute to industrial growth, reduce reliance on imports, and promote sustainable
development. This Series will help you recognise the opportunities and challenges associated
with using locally available raw materials in industry.

The aim of this Series is to examine the potentials and applications of locally available raw
materials as industrial feedstock, and to equip you with the knowledge to evaluate their
comparative advantages, practical uses, and strategies for sustainable integration into Nigeria’s
industrial framework.

We shall commence this Series by considering the potentials of locally available raw materials,
beginning with their definition, scope, and categories, and assessing their industrial relevance.
Next, we will move on to their applications, looking at how agricultural, mineral, marine, and
forestry resources are utilised across different industries. Finally, we will wrap up by integrating
these insights, comparing local and imported feedstock, identifying opportunities for value
addition, and highlighting strategies for sustainable utilisation supported by policy measures.

Series Learning Outcomes

Upon completing this Series, you should be able to:

define locally available raw materials and explain their scope in industrial contexts,

classify locally available raw materials in Nigeria into agricultural, mineral, marine, and
forestry categories,

analyse the industrial potential of selected locally available raw materials,

describe applications of agricultural raw materials in food, textile, and pharmaceutical
industries,

explain how mineral raw materials are applied in construction and chemical industries,

describe the uses of marine and forestry raw materials in specialised industries,

compate the advantages of locally available raw materials with imported feedstock,

identify opportunities for value addition and industrial innovation using local raw materials,
and

evaluate strategies for sustainable utilisation of locally available raw materials supported by
policy measures.

5.1 Potentials of Locally Available Raw Materials
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5.1.1 Definition and scope of locally available raw materials

Locally available raw materials are natural resources that can be sourced within a country or
region and used as inputs for industrial processes. They include agricultural products, minerals,
marine resources, and forestry products. Their scope covers both renewable resources, such as
crops and timber, and non-renewable resources, such as minerals. By focusing on local
resources, industries can reduce dependence on imports, lower production costs, and promote
national economic growth.

Fill in the blank: Raw materials that can be sourced within a country or region are called
available raw materials.

LOCALLY AVAILABLE RAW MATERIALS IN NIGERIA

CATEGORIES FROM NATURAL RESOURCES TO INDUSTRIAL INPUTS

1. AGRICULTURAL 2. MINERAL 3. MARINE 4. FORESTRY
Cotton (Textiles) Fish (Food/Feed) Timber
= Cocoa (Food/Beverages) = Iron Ore (Steel) = Shrimp (Food/Feed) = Construction
= Palm Oilod/Beverages) + Limestone (Cement « Shrimp, (Food) = Pulpwood/Paper
« Palm Oil. (Food/Soap + Tin/Columbite (Mining) « Salt (Chemicals/Food) + Resin (Paints)
= Rubber (Tires/Plastics) = (Mining) * Seaweed (Fertilizer) = Energy)

= Bittimen (Roads)

ECONOMIC VISUALIZATION OF NIGERIAN RESOURCE UTILIZATION ©

Figure 5.1 Categories of locally available raw materials

5.1.2 Categories of raw materials in Nigeria

Nigeria is endowed with diverse raw materials that can serve as industrial feedstock.
Agricultural raw materials include crops such as cotton, cocoa, palm oil, and cassava. Mineral
raw materials include limestone, coal, and iron ore. Marine raw materials include fish, shells,
and seaweed, while forestry raw materials include timber, resins, and bamboo. Each category
has unique properties that make it suitable for specific industrial applications.

Fill in the blank: Cotton, cocoa, palm oil, and cassava are examples of raw materials
in Nigeria.
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NATURAL RESOURCES OF NIGERIA:
Key Commodities & Industries
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DIVERSE RESOURCES FUELING NIGERIA’'S ECONOMY

Plate 5.1 Categories of raw materials in Nigeria

5.1.3 Assessment of industrial potential

The industrial potential of locally available raw materials refers to their capacity to be
transformed intovaluable products that support industries. For example, cassava can be
processed into starch for food and pharmaceutical industries, limestone can be used in cement
production, and timber can be used in construction and furniture making. Assessing potential
involves considering availability, quality, ease of processing, and market demand. This helps
industries identify which resources can be most effectively utilised.

Fill in the blank: The capacity of raw materials to be transformed into valuable products for
industry is called industrial

Examples of industrial potential of locally available raw materials
Cassava —» starch for food and pharmaceuticals.

Limestone - cement production.
Timber - construction and furniture.

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



Palm oil = cosmetics and food processing.

Pilot questions 5.1

What are locally available raw materials?

Name four categories of raw materials found in Nigeria.
Give two examples of agricultural raw materials in Nigeria.
What does industrial potential mean?

Mention one example of industrial potential of cassava.

5.2 Applications of Locally Available Raw Materials as Feedstock
5.2.1 Agricultural raw materials in food, textile, and pharmaceutical industries

Agricultural raw materials are crops and plant-derived products used as inputs for industrial
processes. Examples include cotton, cocoa, cassava, and palm oil. Cotton serves as feedstock for
the textile industry, cocoa is processed into chocolate and pharmaceutical products, cassava
provides starch for food and drug formulations; while palm oil'is widely used in food processing
and cosmetics. These applications demonstrate how agriculture supports multiple industries and
adds value to local resources.

Fill in the blank: Cotton is an agricultural raw material used as feedstock in the
industry.
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NIGERIAN CASH CROPS:

Fueling Local Industries

TEXTILE
INDUSTRY

Plate 5.2 Agricultural raw materials and their industrial applications

5.2.2 Mineral raw materials in construction and chemical industries

Mineral raw materials are naturally occurring inorganic substances such as limestone, coal, and
iron ore. Limestone is a key feedstock in cement production, coal is used as an energy source and
in chemical industries, while iron ore is processed into steel for construction and manufacturing.
These minerals are essential for infrastructure development and industrialisation, making them
highly valuable to Nigeria’s economy.

Fill in the blank: Limestone is a mineral raw material used in the production of
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TRANSFORMATION OF RAW MATERIALS

INDUSTRIAL PROCESSING EXAMPLES

1. LIMESTOME 2. COAL IN 3. IRON ORE TO
TO CEMENT CHEMICALS TO STEEL

Limsstome (CaCOs)
Quarried & Crushed

Heated in Kiln with Clay
Forms Clinker

Ground into Cement Powder
Ground into Cement Powder
Used for Concrete, Buildings

Irom Ore (Fe203)

Mined & Sintered

Melted Blast Furncace

Carbon Added (Reduces Impuritis)
Refined into Steel

Used for Infrastucture, Vehicles

Coal (Carbon)
Carbonization/Gasifcation
Source of Aromatic Compounds
Feedftack for Syngas

Feedftock for Syngas (CO+H2)
Produces Fertilizers, Plastics, Dyes
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MATERIAL SCIENCE & ENGINEERING VISUALIZATION OF INDUSTRIAL PROCESSES

Figure 5.2 Mineral raw materials and their industrial applications

5.2.3 Marine and forestry raw materials in specialised industries

Marine raw materials include fish, shells, and seaweed, which are used in food,
pharmaceuticals, and fertiliser production. Fish oils are processed into nutritional supplements,
shells provide lime for cement and fertilisers, and seaweed is used in cosmetics and food
additives. Forestry raw materials include timber, bamboo, and resins. Timber is used in
construction and furniture, bamboo in crafts and textiles, and resins in varnishes and adhesives.
These resources highlight the diversity of locally available feedstock beyond agriculture and
minerals.

Fill in the blank: Fish oils are marine raw materials processed into supplements.

Applications of marine and forestry raw materials

Fish oils = nutritional supplements.
Shells = lime for cement and fertilisers.
Seaweed - cosmetics and food additives.
Timber = construction and furniture.
Bamboo - crafts and textiles.

Resins - varnishes and adhesives.
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Pilot questions 5.2

Give two examples of agricultural raw materials and their industrial applications.
What is limestone used for in industry?

Mention one mineral raw material applied in steel production.

Name two marine raw materials and their uses.

State one forestry raw material and its industrial application.

5.3 Integration and Sustainability of Local Raw Materials in
Industry

5.3.1 Comparative advantages of local versus imported feedstock

Feedstock refers to raw materials that are processed and transformed into industrial products.
Locally available feedstock often has the advantage of reducing import costs, ensuring steady
supply, and supporting local economies. Imported feedstock, however, may sometimes offer
higher quality or specialised properties not readily available locally. A'comparative analysis
helps industries decide when to prioritise local resources and when to complement them with
imports.

Fill in the blank: Raw materials that are processed and transformed into industrial products are
called

FEEDSTOCK SOURCING STRATEGIES: LOCAL VS. IMPORITED

Comparing Advantages for Industrial Production

1. LOCAL FEEDSTOCK 2. IMPORTED FEEDSTOCK
ADVANTAGES ADVANTAGES

= - COST SAVINGS: @ - SPECIALIZED PROPERTIES:
Ef)%} Reduced transportation, Unique materials,
no import duites specific grades

N - AVAIIALBLITY & RELIABILTY: i& - CONSISTENT QUALITY
Z2(C>) Shorter supply chains, (¥ Higher standards, certifications
quicker delivery
@ - ECONOMIC SUPPORT - DIVERIIZATION
D Job creation. local Reduced risk from local
industry growth local disruptions

KEY CONSIDERATION: Balancing cost, quality, and supply chain resilience

Figure 5.3 Comparative advantages of local versus imported feedstock

5.3.2 Opportunities for value addition and industrial innovation
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Value addition means enhancing the worth of raw materials by processing them into higher-
value products. For example, cassava can be processed into starch, flour, or ethanol, while timber
can be converted into furniture or paper. Industrial innovation involves adopting new
technologies or processes to improve efficiency and create novel products. Nigeria has
significant opportunities to add value to its raw materials, thereby boosting exports, creating
jobs, and strengthening industrial competitiveness.

Fill in the blank: Enhancing the worth of raw materials by processing them into higher-value
products is called

INDUSTRIAL VALUE ADIITION IN NIGERIA:
Transforming Raw Materials
From Local Procursces to Finished Goods

Raw Cassava

1. CASSAVA
PROCESSING

Cassava Ethanol Furniture
Food & Snacks, Biofuel, Industrial Solvent Homes, Offices, Packaging, Print,
Adhesives Offices, Export Education

RESOURCE TRANSFORMATION — LOCAL MANUFACTURING —> ECONOMIC DSICATION

Plate 5.3 Examples of value addition to local raw materials

5.3.3 Strategies for sustainable utilisation and policy support

Sustainable utilisation refers to using resources responsibly to meet present needs without
compromising future generations. Strategies include diversifying industrial use of raw materials,
promoting renewable alternatives, enforcing environmental regulations, and encouraging
efficient production methods. Policy support is equally important, as government policies can
incentivise industries to use local resources, invest in processing facilities, and protect
ecosystems. Together, sustainability and policy frameworks ensure long-term benefits from local
raw materials.

Fill in the blank: Using resources responsibly to meet present needs without compromising
future generations is called utilisation.

Strategies for sustainable utilisation and policy support
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Diversify industrial use of raw materials.

Promote renewable alternatives.

Enforce environmental regulations.

Encourage efficient production methods.

Provide government incentives and policy support.

Pilot questions 5.3

What is feedstock?

State one advantage of local feedstock over imported feedstock.

Define value addition and give one example.

What does sustainable utilisation mean?

Mention one strategy for achieving sustainable utilisation of local raw materials.

Series Summary

This Series has focused on the potentials and applications of locally available raw materials as
industrial feedstock, highlighting their importance in reducing dependence on imports,
supporting local industries, and promoting sustainable development. Its purpose was to help you
recognise the scope of Nigeria’s agricultural, mineral, marine, and forestry resources, and to
appreciate how they can be transformed into valuable products for industrial growth.

We began by examining the definition; scope, and categories of locally available raw materials,
followed by their diverse applications actoss food, textile, pharmaceutical, construction,
chemical, and specialised industries. Finally, we explored integration and sustainability,
comparing local and imported feedstock, identifying opportunities for value addition, and
outlining strategies supported by policy measures. In line with the Series Learning Outcomes,
you should now be able to define and classify local raw materials, analyse their industrial
potential, describe their applications, compare them with imported alternatives, and evaluate
strategies for sustainable utilisation in Nigeria’s industrial context.

Concept Check Questions [Series 5]

Objective Questions

Define locally available raw materials. (Linked to SLO 5.1)

Identify the four categories of locally available raw materials in Nigeria. (Linked to SLO 5.2)
State one example of agricultural raw material used in the textile industry. (Linked to SLO 5.4)
Mention one mineral raw material used in cement production. (Linked to SLO 5.5)

Name one forestry raw material used in furniture making. (Linked to SLO 5.6)

Short-Answer Questions
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Explain the industrial potential of cassava. (Linked to SLO 5.3)

Describe one application of marine raw materials in pharmaceuticals. (Linked to SLO 5.6)

Analyse one advantage of locally available feedstock compared to imported feedstock. (Linked to SLO
5.7)

Identify one opportunity for value addition in Nigeria’s agricultural sector. (Linked to SLO 5.8)
Suggest one strategy for sustainable utilisation of local raw materials. (Linked to SLO 5.9)

Long-Answer Questions

Discuss the categories of locally available raw materials in Nigeria and their industrial/potential. (Linked
to SLO 5.2, 5L0O 5.3)

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

Evaluate the applications of agricultural, mineral, marine, and forestry raw materials as industrial
feedstock. (Linked to SLO 5.4, SLO 5.5, SLO 5.6)

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

Appraise the comparative advantages of local versus imported feedstock and propose strategies for
sustainable utilisation supported by policy measures. (Linked to SLO 5.7, 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

Locally available raw materials are natural resources sourced within a country or region for
industrial use.

Agricultural, mineral, marine, and forestry.

Cotton.

Limestone.

Timber.

Short-Answer Questions

Cassava can be processed into starch, flour, or ethanol, supporting food, pharmaceutical, and energy
industries.

Fish oils are marine raw materials processed into nutritional and pharmaceutical supplements.

Local feedstock reduces import costs and ensures steady supply, supporting national economic growth.
Processing cassava into ethanol for biofuel production.

Diversifying industrial use of raw materials.
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Long-Answer Questions

Basic response: Nigeria’s raw materials include agricultural crops such as cotton and cassava,
minerals such as limestone and iron ore, marine resources such as fish and shells, and forestry
products such as timber and resins. Each has industrial potential, for example cassava for starch,
limestone for cement, and timber for construction.

Value-added response: Outstanding learners may add that Nigeria’s diverse ecology supports
regional specialisation, such as cocoa in the south-west and timber in the middle belt. They may
also discuss challenges such as poor processing infrastructure and opportunities for export
diversification.

Basic response: Agricultural raw materials are used in food, textiles, and pharmaceuticals;
mineral raw materials in construction and chemicals; marine raw materials in supplements and
fertilisers; and forestry raw materials in furniture, crafts, and adhesives.

Value-added response: Outstanding learners may add that Nigeria’s industries can expand
exports by processing raw materials into finished goods, such as exporting textiles instead of raw
cotton. They may also highlight global case studies where value addition transformed economies.

Basic response: Local feedstock offers cost savings and supports local.economies, while
imported feedstock may provide specialised properties. Strategies for sustainable utilisation
include promoting renewable alternatives, enforcing environmental regulations, and encouraging
efficient production methods.

Value-added response: Outstanding learners may add that policy support is critical, including
government incentives for industries to use local resources, investment in processing facilities,
and protection of ecosystems. They may also highlight how sustainable utilisation can reduce
Nigeria’s reliance on imports and strengthen industrial resilience.

Answers to Pilot Questions [Series 5]

Answers to Pilot Questions 5.1

Locally available raw materials are natural resources sourced within a country or region for
industrial use.

Agricultural, mineral, marine, and forestry.

Cotton and cassava.

Industrial potential means the capacity of raw materials to be transformed into valuable products
for industry.

Cassava can be processed into starch for food and pharmaceutical industries.

Answers to Pilot Questions 5.2

Cotton is used in textiles, cocoa in pharmaceuticals and food.
Limestone is used in cement production.

Iron ore.

Fish oils are used in supplements, shells provide lime for fertilisers.
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Timber is used in construction and furniture.

Answers to Pilot Questions 5.3

Feedstock is raw materials that are processed and transformed into industrial products.

Local feedstock reduces import costs and supports local economies.

Value addition means enhancing the worth of raw materials by processing them into higher-value
products; for example, cassava processed into ethanol.

Sustainable utilisation means using resources responsibly to meet present needs without
compromising future generations.

Enforcing environmental regulations.
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