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ENGINEERING PRACTICE
Engineering in society 	

Introduction
Welcome to a section on systematic investigation. Systematic investigation is a 
foundational component of engineering professional practice, providing a structured 
approach to problem-solving and decision-making. You will learn about the 
relevance of systematic investigation as a crucial aspect of engineering practice. 
You will also explore methods for systematically gathering and analysing data to 
help identify challenges, assess risks, and develop practical solutions grounded in 
evidence. Systematic investigation ensures precision and replicable results, fostering 
core principles like problem-solving, critical thinking, creativity, innovation, and 
collaboration across engineering domains. This fosters interdisciplinary collaboration 
and accelerates innovation to enhance the quality and reliability of engineering 
outcomes and continuous improvement. Systematic investigation ensures that practices 
remain rigorous, ethical, and aligned with industry standards. Ultimately, it empowers 
engineers to navigate complex projects and contribute meaningfully to technological 
advancements and societal needs.

Key Ideas 

•	 Processes for systematic investigation provide a methodical approach to ensure that 
nothing is left to chance and that data and evidence are returned at every step.

•	 Processes for systematic investigation provide a structured way to think through a 
problem, test solutions, and come up with reliable conclusions.

•	 Systematic investigation is like following a step-by-step plan to solve a problem, ensuring 
that projects are done safely, efficiently, and correctly.

•	 Systematic Investigation relies on data and thorough analysis to enable engineers 
to make informed decisions that minimise risks and enhance project outcomes.
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SYSTEMATIC INVESTIGATION AND ITS 
RELEVANCE IN ENGINEERING PROFESSIONAL 
PRACTICE
Engineers solve societal problems ranging from food and water supply, environmental 
challenges, infrastructural and transportation, health and medicine, manufacturing, 
and automation. 

Therefore, an essential component of engineering professional practice is systematic 
investigations which enable engineers to proffer a solution to a particular problem by 
using an organised and methodical approach to collecting, analysing, and interpreting 
data or information. This is relevant for the ensuing reasons.

Problem-solving: Engineers are problem solvers, so  engineering  fundamentally 
involves problem-solving. Engineers rely on a systematic investigation that provides a 
framework to methodically define, analyse, and identify problems, enabling them to 
develop practical solutions. 

It helps engineers to break down complex problems into manageable components and 
evaluate viable solutions rationally. Engineering problem-solving is systematic and 
iterative. 

Table 1.1: Steps involved

Step Description

1.	 Define the Problem and 
Requirements

Identify the problem to be solved and determine the key 
constraints and objectives.

2.	 Research and Generate 
Solutions

Collect relevant data, explore existing methods, and 
brainstorm practical solutions.

3.	 Evaluate & Select the Best 
Solution

Assess feasibility, cost, and performance, then choose the 
best options.

4.	 Develop and Test a 
Prototype

Build and test a prototype or model to verify it meets 
design specifications.

5.	 Implement and Refine the 
Solution

Deploy the solution, refine it if necessary, and ensure it 
performs optimally.

Problem-solving involves brainstorming and thought organisation. Brainstorming 
involves critically thinking about a problem and carefully generating a wide range 
of ideas and potential solutions to a problem. There are various tools and techniques to 
enhance this process. Some of these are;

1.	 Mind mapping: This involves the organisation and structuring of ideas around a 
central concept of a problem using visual tools. These visual tools include hand-
drawn mind maps, digital mind mapping software (e.g., MindMeister, Coggle, Miro, 
Xmind, Lucidchart), Sticky Notes, and Whiteboards. 
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Figure 1.1: An image of a Mind Map 

2.	 Flowchart:  A flowchart or process flow diagram is a visual diagram representing 
the steps or processes in a system or workflow using symbols, shapes, and arrows 
to show the sequence of actions. Each shape represents a specific type of action, 
decision, or process, and the arrows indicate the flow or direction from one step to 
the next. The various shapes and their descriptions are given below.

Table 1.2: Shapes and their descriptions

Symbol Name Description Example

Oval Start/
End

Represents the start or end of a 
process.

“Start” or “End” of a 
process.

Rectangle Process Indicates a process or action step to 
be carried out.

“Test component” or 
“Approve design.”

Diamond Decision Represents a decision point where a 
yes/no or true/false choice must be 
made.

“Is the design 
approved?”

Parallelogram Input/
Output

Shows data input (e.g., user input) or 
output (e.g., system result).

“Enter specification” 
or “Display result.”

Arrow Flow 
Arrow

Shows the flow direction between 
steps, guiding how the process moves 
forward.

“Move to the next 
step.
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Figure 1.2: An image illustrating the major components of a flow chart

3.	 Concept Mapping: This visual representation tool organises and displays the 
relationships between concepts or ideas. The main idea or theme is placed at the top 
or centre of the map. The various related ideas branch out from the central concept, 
often connected with lines or arrows to show relationships. The connections 
between concepts are often labelled with short phrases (e.g., “causes,” “leads to,” “is 
part of”) to clarify the type of relationship. Concepts are arranged from general to 
specific, often in a top-down structure. These show connections between different 
map areas, indicating relationships between different ideas.

Figure 1.3: An example of a concept map

4.	 Whiteboards: These are commonly used in workplaces, classrooms, and 
collaborative settings to organise and present ideas visually. They offer a surface for 
writing, drawing, and mapping concepts during brainstorming sessions, problem-
solving activities, project planning, and discussions. Whiteboards can be physical 
or digital, encouraging interaction, real-time idea sharing, and visual thinking. 
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Digital whiteboards allow for online collaboration and cooperation. Examples of 
online whiteboard tools are Miro, Microsoft Whiteboard, Google Jamboard, and 
Stormboard.

5.	 Data-driven decision-making: A crucial part of engineering decision-making 
is ensuring facts support decisions to minimise errors and generate practical and 
applicable engineering solutions. To achieve this, gathering the necessary data, 
analysing the data and utilising the findings in the decision-making is necessary. 
The data-gathering process can involve observations, simulations, or experiments. 

Some key steps involved in data-driven decision-making are: 

a.	 Define the Objective: Begin with a clearly defined objective for the data 
collection. This involves understanding the problem you are solving to help you 
focus your data collection.

b.	 Collect relevant data: take steps to gather all the relevant data for the decision-
making. Data gathering can take different forms, such as internal data 
(generated in the organisation), external data, experimental data, data from 
surveys, simulated or machine-generated data, and sensor/IoT data.

c.	 Organise and process data:  The data gathering is not foolproof process, so 
there might be some errors and inconsistencies. Therefore, the data must be 
organised, errors corrected, and unnecessary components removed to ensure 
accurate decision-making. 

d.	 Perform data visualisation and analysis: Sometimes, it is difficult to draw 
conclusions from data just by observing it. Visualisation involves representing the 
information embedded in data in a form that is easily visible and comprehensible. 
This visual representation will make patterns, trends, anomalies, and other 
insights more recognisable and accessible for decision-making.

e.	 Use findings to draw Conclusions:  The insights derived from the analysis can 
be used to answer some relevant questions and make data-driven decisions.

f.	 Implement and evaluate conclusions: The decisions are tested and validated to 
determine the outcome.

6.	 Risk management: Engineers must protect life and property by delivering 
innovative solutions. However, engineering decision-making usually comes with 
associated risks. Risk is the possibility of something bad happening that can cause 
harm or damage to life and property. Systematic research enables engineers to 
methodically discover and evaluate potential risks by comprehensively investigating 
elements that may affect the project’s outcome or safety and making decisions to 
minimise or eliminate the risk. Risk management identifies, assesses, and controls 
potential events or conditions that could negatively impact an organisation’s 
objectives, operations, or resources. It involves evaluating the likelihood and 
consequences of risks and implementing strategies to minimise or mitigate their 
effects. To effectively manage the risk associated with engineering decision-making, 
you must: 

a.	 Identify the Risks: Engineers must first determine what could go wrong in a 
project, such as design flaws, equipment failure, or safety hazards.
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b.	 Assess the Risks: Evaluate how likely the risks are to happen and how severe 
their effects could be on the project or people involved.

c.	 Control the Risks: Come up with solutions to reduce or eliminate the risks, like 
adding safety features, improving designs, or using better materials.

d.	 Monitor and Review: Continuously check for new risks or changes in existing 
ones and adjust the plans to keep the project safe and successful.

e.	 Risk Documentation and Reporting: Risk documentation involves recording 
all identified risks, assessments, and mitigation strategies in a structured and 
comprehensible format. Risk reporting involves communicating the current risk 
status to stakeholders, such as project teams, managers, or clients. This ensures 
everyone involved in a project knows the risks and how they are managed and 
creates a reference for future projects. 

7.	 Quality assurance:  Engineering quality assurance (QA) ensures that engineering 
projects, products, or designs meet specific quality standards. This means ensuring 
everything is built correctly, works safely, and performs as expected. Systematic 
research is crucial in quality assurance, allowing engineers to assess processes, 
materials, and products methodically. It helps ensure that the result is reliable and 
safe for people to use. Engineers can utilise statistical analysis and quality control 
measures to detect faults or deviations from norms and subsequently conduct 
remedial activities to uphold or enhance quality. Some key aspects of engineering 
quality assurance are:

a.	 Standards Compliance: QA ensures that products and processes adhere to 
industry standards (e.g., International Organisation for Standardisation (ISO), 
Institute of Electrical and Electronics Engineers (IEEE)). This compliance is 
vital for safety, reliability, and performance.

b.	 Process Control: Using structured processes helps maintain consistency and 
minimise errors. This includes establishing protocols for design, development, 
testing, and maintenance.

c.	 Continuous Improvement: QA involves ongoing evaluation and refinement of 
processes. Using techniques such as root cause analysis and process audits, you 
can identify areas for improvement and work on them.

d.	 Documentation and Traceability: QA will help to maintain detailed records 
of processes, decisions, and outcomes. This is essential for accountability and 
allows you to conduct systematic investigations when issues arise.

8.	 Innovation and optimisation:  Systematic investigation helps fuel innovation 
and optimisation by allowing you to study problems carefully, test innovative ideas, 
and improve how things work. It also builds capacity to stimulate originality and 
enhance the efficiency, effectiveness, and sustainability of designs, processes, and 
systems. Systematic investigation also enables you to break down issues, collect 
relevant data, and experiment step-by-step so that you can discover better ways 
to design, build, or solve problems. This process helps to find fresh solutions, 
make things more efficient, and continuously improve, leading to innovative ideas 
and optimised results that are smarter and more effective. In general, systematic 
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investigation encourages a positive mindset and creative thinking, enhanced 
collaboration, focus on solutions, and adaptation to the latest information.

9.	 Compliance and regulation:  Compliance and regulation refer to following 
the rules and laws set by governments or organisations to ensure things are done 
safely and fairly. Compliance means obeying these rules, while regulations are the 
specific rules or guidelines you must follow. Following these rules contributes to 
maintaining safety, fairness, and responsibility in society. Systematic investigation 
helps with compliance and regulation by ensuring that every part of a process, 
product, or system follows established laws, rules, and standards. Through careful 
analysis and step-by-step checks, organisations can identify areas where they might 
not meet legal or safety requirements. This thorough approach helps detect and fix 
problems early, ensures accuracy in following regulations, and minimises the risk 
of legal penalties. It provides a structured way to stay compliant and maintain safety 
and quality standards. Some strategies for ensuring compliance include training 
and awareness, documentation, audits and reviews, using compliance experts, and 
effective feedback mechanisms.

Activity 1.1 Experience sharing, Problem investigation and Solution

Objective: To encourage you and your classmates to share your individual 
experiences, collaboratively investigate problems, and brainstorm creative 
solutions, fostering teamwork, critical thinking, and problem-solving skills.

Prompt: In this activity, you are supposed to form a small group with your 
classmates. You should think of a time when you faced a challenge or problem 
in your everyday life, whether at school, at home or with friends. Share with 
your group members how you dealt with it.  Remember to discuss what made it 
difficult and what you did differently to solve it. 

Steps

1.	 Allow each member of the group to share their own experience.
2.	 Identify the root cause of the problem shared and discuss it collaboratively.
3.	 Select one shared problem that stands out and investigate the problem by 

asking questions such as:
a.	 What contributed to the problem?
b.	 Could the problem have been prevented?
c.	 Was a systematic investigation utilised in the solution? If yes, what 

role did it play? If not, how could a systematic investigation have 
facilitated the solution?

4.	 Break down the problem and suggest feasible alternative solutions for the 
problem.

5.	 Prepare a PowerPoint presentation of your work and share it with your class.
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Activity 1.2 Systematic Investigation for Problem-Solving Research

Objective: To help students understand and apply the steps of systematic 
investigation to solve a real-world problem, highlighting each step’s importance 
and using concept maps to organise information.

Prompt: Imagine you are part of a team of engineers tasked with solving a 
real-world issue, such as reducing water wastage, improving transportation, or 
creating a safer community space. You aim to use systematic investigation to 
research the problem, design a potential solution, and present your findings. 
In your presentation, explain how systematic investigation helped you in each 
part of the design process, and use concept maps to identify and connect key 
components of the problem.

Steps

1.	 Choose a real-world problem that interests your team, such as 
environmental issues, transportation, or community health and safety.

2.	 Use systematic investigation methods to research the problem. Gather 
data from reliable sources to understand the causes, impacts, and possible 
solutions.

3.	 Develop a concept map or webbing to organise your information. Identify 
and connect key components, such as the main problem, its causes, effects, 
and possible solutions. 

4.	 Based on your research, brainstorm potential solutions and select the most 
feasible one. Break down your solution into steps or phases. 

5.	 In your concept map and presentation, explain how each step of systematic 
investigation helped your research, problem analysis, and solution design.

6.	 Create a presentation that includes:

a.	 A brief introduction to your chosen problem.
b.	 An overview of your research and findings.
c.	 Your concept map shows connections between key components.
d.	 Your proposed solution and explain how systematic investigation 

supported your design.
Deliverables

1.	 A concept map or web diagram showing the main problem, key components, 
and solution path.

2.	 A 5-minute presentation with visual aids (such as slides or posters) 
explaining the problem, your research, concept map, and proposed solution.

3.	 A brief reflection explaining how systematic investigation guided your work.
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PROCESSES OF SYSTEMATIC INVESTIGATION
Processes for Systematic Investigation
Systematic investigation involves following a clear and organised approach to solving 
problems or finding answers.  It starts by identifying the problem or question and then 
gathering related information or data. After that, you analyse the information carefully 
to understand patterns or causes. Finally, you come up with solutions or conclusions 
based on the evidence. This step-by-step process helps ensure that decisions are made 
using facts, making it easier to solve complex problems accurately and efficiently. The 
following are the key aspects of the process:

1. Problem Definition
This is the first step in systematic investigation. Here, you define the issue you want 
to solve or understand. It involves figuring out the problem, why it matters, and who 
or what it affects. This step is important because it eliminates ambiguity, creates focus, 
and helps you find the right solution for your problem. Your understanding of the 
problem sets a strong foundation for the rest of the investigation process, ensuring that 
your efforts are focused and effective.  The key areas of problem definition are:

a.	 Identify the Problem: You must clearly define the issue or challenge you must 
address. 

b.	 Set Objectives: You then determine the goals  and  what you aim to achieve 
through the investigation and break the goals into smaller achievable objectives. 
Remember to ensure your objectives are specific, measurable, achievable, 
relevant, and time-bound (SMART). 

c.	 Constraints and Requirements: Your problem definition and the subsequent 
solution must be guided by the constraints and requirements set out by your 
organisation or institution. You, therefore, need to establish the limitations and 
requirements for the solution, such as budget, time, materials, and regulatory 
constraints. 

2. Literature Review and Background Research
Literature review and background research involve gathering and studying existing 
information from reliable sources to understand the current knowledge on a topic. 
This step helps identify gaps, guide your investigation, and build on previous findings. 
It helps you understand what is already known about a topic by gathering information 
from books, articles, studies, and other credible sources to learn about past findings, 
theories, and solutions related to your problem. By so doing, you build the foundation 
of knowledge, avoid repeating mistakes, and identify gaps where more investigations 
are needed. By reviewing existing literature, you can make informed decisions about 
approaching your investigation and developing new insights or solutions. The key 
aspects of literature reviews are:

a.	 Gather Information: This involves collecting relevant information from 
existing sources such as books, academic papers, technical reports, patents, and 
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industry standards. It is crucial to use materials from only credible publishers/
sources. An easy way to do this is to use online digital repositories and resources, 
some of which are: 

i.	 IEEE Xplore: A vast library of technical papers, articles, and conference 
proceedings in engineering, computing, and technology. The website is 
https://ieeexplore.ieee.org/ 

ii.	 ScienceDirect: A database of scientific and technical research articles 
in engineering, materials science, and more. The website is https://www.
sciencedirect.com/ 

iii.	DOAJ (Directory of Open Access Journals): A platform offering free access 
to peer-reviewed engineering and scientific journals.  The website is https://
www.doaj.org/ 

iv.	 PubMed Central (PMC): While primarily focused on biomedical research, 
PMC also contains engineering papers related to medical technology. The 
website is https://www.ncbi.nlm.nih.gov/pmc/

b.	 Analyse Previous Work: This will help you to identify trends, strengths, and 
limitations in existing studies. It also reviews any gaps or unresolved issues 
your investigation could address, ensuring that your research builds on the 
foundation of past knowledge rather than repeating it. 

3. Hypothesis Formulation
A hypothesis is a proposed explanation, theory or prediction about how something 
works or what might happen in a particular situation. You must formulate a testable, 
specific hypothesis based on feasible and straightforward knowledge. Your problem 
definition and background research stage will feed directly into the proposal of potential 
solutions or explanations that can be tested. 

4. Experimental Design
After the hypothesis, you must create a structured plan to test the hypothesis or 
investigate the problem. This involves deciding how to experiment/test, the steps, 
and  the materials needed. A superior design will ensure that your investigation is 
systematic, the data collected is valid, and conclusions are based on solid evidence. 
Experiment design involves: 

a.	 Design Experiments: Plan experiments to test the hypotheses. This includes 
selecting the variables to be measured, controlling variables, and determining 
the methods and equipment to be used. 

b.	 Develop Procedures: Create detailed experiment procedures to ensure 
consistency and repeatability. 

5. Data Collection
This involves gathering relevant information or evidence to test a hypothesis or answer 
a research question. You may use specific methods, such as experiments, surveys, 
observations, or measurements, to collect accurate and relevant data. 

https://ieeexplore.ieee.org/
https://www.sciencedirect.com/
https://www.sciencedirect.com/
https://www.doaj.org/
https://www.doaj.org/
https://www.ncbi.nlm.nih.gov/pmc/
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a.	 Conduct Experiments: You conduct the experiments or survey using the 
designed procedures to collect the data carefully. 

b.	 Use Appropriate Tools: Utilise proper tools and instruments to ensure accurate 
data collection. 

6. Data Analysis
After collecting the data, you proceed to examine the data using various data visualisation 
tools (e.g., Tableau, Excel, Microsoft Power BI, Google Data Studio) to identify patterns, 
relationships, or trends. This step also involves using statistical tools (such as MATLAB, 
R, Stata, and Python) to organise and interpret your data to determine what the data 
reveals about the hypothesis or research question. This will help you to decide whether 
they support or refute the hypotheses by observing patterns, trends, and anomalies 
embedded in the data. 

7. Validation and Verification
This step is necessary to ensure that your design was carefully followed and that your 
results are reproducible by repeating the experiments and comparing the results. Besides, 
the results can be compared with existing standards, benchmarks, or simulations.

8. Conclusion and Recommendations
a.	 Draw Conclusions: Finally, there is the need to summarise the key insights 

and outcomes of the investigation and how they support the initial hypothesis 
or research question. The conclusion reflects the significance of the findings, 
explaining their implications and how they contribute to the understanding of 
the problem or topic.

b.	 Provide Recommendations: this step offers actionable advice or next steps. 
Recommendations suggest how the findings can be applied, improved, or 
extended. They may include ideas for refining methods, addressing gaps, 
or exploring future research opportunities. Based on the conclusions, make 
recommendations for practical applications, further research, or improvements. 

9. Documentation and Reporting 
a.	 Prepare Reports: Document the investigation process, including the problem 

definition, methodology, data, analysis, and conclusions. 
b.	 Publish Findings: Share the results with the engineering fraternity.

10. Review and Feedback 
a.	 Peer Review: Submit the work for peer review to get feedback and validation 

from other experts in the field. 
b.	 Incorporate Feedback: Refine the investigation and its conclusions based on the 

feedback received. 
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Best Practices in Systematic Investigation 
1.	 Maintain Objectivity: Avoid bias and ensure the investigation is conducted 

objectively. 
2.	 Ensure Accuracy: Use precise measurement tools and techniques to ensure data 

accuracy. 
3.	 Ethical Considerations: Follow ethical guidelines, ensuring the integrity of the 

research and the safety of all participants and environments. 
4.	 Continuous Improvement: Regularly review and improve the processes and 

methodologies used in the investigation.

Activity 1.3 Building a systematic investigation process into a flowchart

Join a small group of 4-5 of your classmates.  In your group, build the systematic 
investigation process into a flowchart and present this flowchart to the class for 
feedback.

Activity 1.4 Systematic Investigation Research Project

Objective: To undertake a structured research process and systematically 
investigate a chosen topic, develop critical thinking, and present findings with 
evidence-based conclusions.

Prompt: You must choose a real-world problem or scientific question that 
interests you. The internet and any other resources are available to you.  
Concerning your chosen topic, follow the steps of systematic investigation: 
research the topic, collect data, analyse your findings, and present a clear 
conclusion and recommendations based on your research.

Steps

1.	 Select a real-world problem or scientific question you are curious about
2.	 Research and outline how each systematic investigation step will be applied 

to your chosen topic.
3.	 Prepare a presentation (poster, slideshow, or report) to communicate your 

research process, findings, conclusion, and recommendations to the class.
4.	 Deliver your presentation to your colleagues and solicit feedback from them.
5.	 Use their feedback to improve your work and submit the improved work for 

assessment.
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Activity 1.5 Systematic Investigation - Problem-Solving Task

Objective: To solve a real-world problem through systematic investigation, 
enabling you to apply critical thinking, data collection, and analysis skills to 
develop evidence-based solutions.

Prompt: Identify a practical problem in your school or community. Use the 
systematic investigation process to explore the issue, gather data, analyse 
potential causes, and propose a well-supported solution to address the problem.

Steps
1.	 Join a small group of 4-5 with your classmates.
2.	 Your group should select a practical problem in your school or community. 

The problem should be solvable within a reasonable timeframe.
3.	 Design an experiment to gather relevant data to solve the problem.
4.	 Use a data visualisation and analytical tool to visualise and analyse your 

data.
5.	 Conclude and make recommendations based on your findings.
6.	 Prepare and present your methodology, findings, and recommendations to 

your class.

Activity 1.6 Group Project on Systematic Investigation 

Topic: Applying Systematic Investigation to Solve Real-World Problems

Objective: To use systematic investigation in designing and presenting a 
solution to a practical problem, highlighting each aspect of the investigation 
process.

Prompt: In this project, your group will choose a real-world problem, such as 
reducing plastic waste, improving road safety, or saving energy at school. You 
will apply systematic investigation to research, analyse and design solutions. 
Then, present your findings and highlight each step of your investigation 
process.

Steps
1.	 Select a practical issue your group wants to address.
2.	 Gather information on the problem’s causes, impacts, and potential 

solutions through systematic investigation.
3.	 Use your research findings to design a realistic solution, considering 

feasibility and effectiveness.
4.	 Outline and explain how each step of the systematic investigation guided 

your solution.
5.	 Create a brief presentation summarising the problem, research, investigation 

process, and solution.
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6.	 Deliverables
7.	 Presentation (5-10 minutes) with visuals explaining the problem, 

investigation steps, and solution.
8.	 A short outline summarising each step of the investigation process and how 

it contributed to your solution.

Activity 1.7 Contributions of systematic investigations

In your group, brainstorm how systematic investigation contributes to the 
reliability and validity of engineering solutions.

Use these headings to structure your discussion:

1.	 The problem 
2.	 Decisions
3.	 Assumptions
4.	 Testing hypotheses
5.	 Risks
6.	 Application across different conditions
7.	 Documentation
8.	 Communication
9.	 Compliance
10.	Any other topics

Extended Reading 
1.	 “Introduction to Engineering for African Students” by Godwin A. Osei and Kwame 

Asiedu-Addo
2.	 “Basic Engineering Science for Senior High Schools” by Ghana Association of 

Science Teachers (GAST)
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Review Questions 

1.	 Explain systematic investigation in engineering

2.	 Why is systematic investigation important in scientific research?

3.	 How does systematic investigation contribute to problem-solving in 
engineering?

4.	 Give an example of a real-world application of systematic investigation.

5.	 What role does data analysis play in a systematic investigation?

6.	 How can systematic investigation be applied in daily decision-making?

7.	 What is the relevance of systematic investigation in addressing societal 
issues?

8.	 Explain the purpose of a systematic investigation.

9.	 List the key steps in a systematic investigation.

10.Why is formulating a clear research question in an investigation important?

11.How can you ensure that data collected in a systematic investigation is 
reliable?

12.Explain the role of a hypothesis in a systematic investigation.

13.Describe the difference between qualitative and quantitative data.

14.Why is data analysis a key step in systematic investigation?

15.What is the significance of peer review in systematic investigation?
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ENGINEERING PRACTICE
Health and Safety in Engineering Practice

Introduction
In this section, you will learn about risk assessment in engineering, a method used 
to identify, evaluate, and manage potential risks in engineering projects. You will 
discover how engineers and project managers use this process to make smart decisions 
and reduce risks. You will also learn about different risk assessment methods and why 
using control mechanisms to manage risks is important. A key tool you will explore is 
the risk assessment matrix, which helps assess and prioritise hazards based on their 
likelihood and impact. Safety is always a top priority, so follow the specific instructions 
from tool manufacturers and local safety rules. 

Key Ideas 

•	 Risk assessment is doing a thorough safety check which involves spotting potential 
dangers, estimating how serious they could be, and then figuring out ways to prevent or 
manage them.

•	 Risk assessment helps to ensure safety, prevent accidents, and save money by avoiding 
costly errors.

•	 The procedure for risk assessment is to identify hazards, assess risks, decide and 
implement control measures, and review them regularly.

•	 Control measures for various hazards is implementing safety practices to eliminate or 
reduce the impact of identified hazards.

•	 To apply the risk assessment matrix to a given risk scenario, use the matrix to rate the 
severity and likelihood of the risk, then prioritise actions based on the combined score.

•	 To perform risk assessment using case studies, real-life examples are used to identify 
hazards, assess their impact, and implement controls, learning from practical experiences.
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RISK ASSESSMENT AND ITS RELEVANCE
Risk assessment in engineering is a structured way of identifying, analysing, and 
evaluating potential hazards associated with engineering projects’ design, construction, 
operation, or maintenance. This method helps engineers and project managers to 
understand possible hazards and uncertainties related to their projects and take the 
necessary remedial actions. It enables them to make informed decisions to handle 
and reduce these risks effectively. Thus, risk assessment is effectively employed by 
organisations and individuals to enable them to take steps to prevent accidents, lower 
hazards, and create safer, healthier environments.

Hazard 
A hazard is anything that has the potential to cause harm or danger to people, property, 
or the environment. Hazards, like sharp tools, chemicals, electricity, or slippery floors, 
can come in many forms. Some hazards are obvious, while others may be hidden, like 
gases you cannot see or equipment that looks safe but could malfunction. Understanding 
and recognising hazards is the first step in keeping yourself and others safe.

Types of Hazards
a.	 Physical Hazards – Conditions that can cause harm through physical impact or 

environmental factors (e.g., machinery, noise, extreme temperatures, slippery 
floors).

b.	 Chemical Hazards – Harmful chemicals that pose a risk if inhaled, ingested, or 
absorbed by the skin (e.g., acids, cleaning agents, pesticides).

c.	 Biological Hazards – Living organisms or by-products that may cause illness or 
infection (e.g., bacteria, viruses, mould, animal droppings).

d.	 Ergonomic Hazards – Workplace factors that pose a risk due to body strain, 
repetitive movements, or poor posture (e.g., improper workstation setup, lifting 
heavy items).

e.	 Psychosocial Hazards – Risks related to stress, harassment, or other mental and 
social well-being factors (e.g., work pressure, bullying, job insecurity).

f.	 Radiological Hazards – Risks associated with exposure to radioactive materials or 
radiation-producing equipment (e.g., X-ray machines, radioactive substances).

g.	 Electrical Hazards – Risks of electric shock or fire from electrical sources (e.g., 
faulty wiring, overloaded circuits).

Importance of Hazard Identification
Identifying hazards is crucial for preventing accidents and minimising risks. By 
understanding the hazards present in a particular environment, measures can be taken 
to reduce or eliminate them, such as through engineering controls, personal protective 
equipment, or improved work practices.
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Risk
Risk refers to the likelihood or probability that a particular hazard will cause harm or 
an undesired event, along with the potential severity of that harm. Risks are evaluated 
based on factors like the hazard’s nature, exposure level, and vulnerability of those 
affected. Risk considers how likely the harmful event will occur (likelihood) and how 
serious the consequences might be if it does (impact). Understanding risk helps us take 
steps to prevent accidents and make informed decisions to stay safe in everyday life, 
work, or projects.

In practical terms, risk assessment can be broken down into:
a.	 Hazard Identification – This involves carefully examining a project, workplace, 

or system to identify anything that could cause harm. This involves looking at 
materials, equipment, processes, and even environmental factors that might 
lead to accidents or health issues. By recognising these hazards early on, teams 
can plan effective safety measures to prevent incidents and protect everyone 
involved.

b.	 Risk Analysis – This involves closely examining each identified hazard to 
understand the likelihood of causing harm and the severity of the effects it 
will cause. This includes looking at past incidents, current safety measures, 
and other factors that could increase or decrease the chances of an accident. 
By assessing each risk’s probability and potential impact, teams can prioritise 
which hazards need the most attention to keep everyone safe. 

c.	 Risk Control – The necessary actions are taken to reduce or remove the identified 
and analysed risks. Measures include putting new safety equipment in place, 
creating guidelines for safe behaviour, or training people to handle dangerous 
situations. Risk control creates an environment that prevents accidents, protects 
health, and creates a safer environment for everyone involved, making it much 
less likely that harm will occur.

d.	 Monitoring and Review – This is a continuous process to check how well the 
safety measures are working and to adjust if needed. This involves regularly 
observing the workplace, gathering feedback, and analysing any incidents to 
see if risk control measures are being implemented. If new hazards arise or 
existing measures are ineffective, changes can be made to keep everyone safe 
and ensure risks stay low.

Relationship between Hazard and Risk
1.	 Hazard Identification: The first step in risk assessment is identifying the hazard. 

Where there is no hazard, there is no risk. 

2.	 Risk Assessment: After identifying the hazard, the next step is to evaluate the type 
and nature of the associated risk. This involves estimating how likely the hazard 
will cause harm and how severe that harm could be. 

3.	 Risk Management: Based on the assessment, steps are taken to manage or mitigate 
the risk. This can involve removing the hazard, reducing the likelihood of the 
hazard causing harm, or minimising the severity of the potential harm. 
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The relevance of risk assessment in engineering is significant, and here are some key 
aspects

a.	 Safety: Ensuring the safety of staff, the public, and the environment is a top 
priority in engineering projects. Risk assessment helps identify and minimise 
potential hazards that could lead to accidents, injuries, or environmental harm 
by evaluating the risks associated with those hazards. 

b.	 Compliance: Engineering projects must adhere to multiple norms and 
requirements. Risk assessment is a process that helps guarantee project 
compliance with legal obligations by identifying and resolving potential hazards 
that may occur. 

c.	 Cost Management: Risk assessment helps find problems that could make a 
project go over budget. By spotting these risks early, engineers can create plans 
to manage and reduce them, helping to keep the project costs under control.

d.	 Schedule Management: Risk assessment identifies some risks that can affect 
the project timelines.  These risks can be addressed to eliminate unnecessary 
delays and ensure the project is completed on time.

e.	 Quality Assurance: Risk assessment helps identify possible dangers that could 
affect the quality of a product or service. Engineers can reduce these risks to 
ensure projects meet the required quality standards. 

f.	 Resource Optimisation: Risk assessment helps ensure resources are used 
efficiently by finding risks that could cause waste. By reducing these risks, 
engineers can ensure resources are used wisely by eliminating potential wastage.

g.	 Reputation Management: Engineering projects can have a big positive or negative 
impact on an organisation’s reputation. Engineers can protect the organisation’s 
reputation and build stakeholder trust by identifying and managing risks.

h.	 Innovation: Risk assessment helps encourage new ideas by spotting possible 
dangers with new technology or methods. Engineers can help people accept 
these new ideas by managing these risks properly.

Activity 2.1 General Risk Assessment 

1.	 Your teacher will allocate you to a group to brainstorm the difference 
between qualitative and quantitative risk assessment methods. Use these 
headings to structure your brainstorming:

a.	 Defining Qualitative Risk Assessment
b.	 Defining Quantitative Risk Assessment
c.	 Key Differences Between Qualitative and Quantitative Risk 

Assessment
d.	 Tools and Techniques for Qualitative Assessment
e.	 Tools and Techniques for Quantitative Assessment
f.	 Advantages of Qualitative Risk Assessment
g.	 Advantages of Quantitative Risk Assessment
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h.	 Limitations of Qualitative Risk Assessment
i.	 Limitations of Quantitative Risk Assessment
j.	 When to Use Qualitative Risk Assessment
k.	 When to Use Quantitative Risk Assessment
l.	 Combining Qualitative and Quantitative Approaches
m.	Examples of Real-World Applications

2.	 Join a class discussion facilitated by your teacher to discuss a scenario where 
risk assessment could have prevented a major engineering disaster.

3.	 By working with one of your classmates, share your views on how risk 
assessment contributes to the overall safety of engineering projects. Use 
these headings to guide your discussion:

a.	 Identifying Potential Hazards and Risks
b.	 Evaluating and Analysing Risks
c.	 Prioritising Risks for Mitigation
d.	 Developing Risk Mitigation Strategies
e.	 Continuous Monitoring and Risk Management
f.	 Risk Assessment in Project Planning and Design
g.	 Regulatory Compliance and Standards
h.	 Improving Decision-Making and Safety Culture
i.	 Lessons Learned from Risk Assessment in Past Projects

4.	 In a class discussion, review the importance of considering both probability 
and severity in risk assessment.

a.	 Comprehensive Risk Evaluation
•	 Probability helps assess the likelihood of a risk occurring, while 

severity determines the potential impact if the risk does occur.
b.	 Prioritising Resources and Efforts
c.	 Balancing Risk and Safety
d.	 Risk Matrix Use
e.	 Effective Decision-Making
f.	 Enhancing Safety Culture
g.	 Compliance and Legal Requirements
h.	 Cost-Effective Risk Management
i.	 Improved Stakeholder Confidence

5.	 In a class discussion, review the role of risk assessment in regulatory 
compliance for engineering projects.

a.	 The Role of Risk Assessment in Ensuring Compliance
b.	 Identifying Risks for Compliance
c.	 Risk Mitigation and Regulatory Requirements
d.	 Documentation and Reporting for Compliance
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e.	 Meeting Health, Safety, and Environmental Regulations
f.	 Ensuring Quality and Standards Compliance
g.	 Risk Assessment in Compliance Audits and Inspections
h.	 Adapting to Changing Regulations
i.	 Risk-Based Decision-Making for Compliance
j.	 The Consequences of Non-Compliance
k.	 Integrating Risk Assessment into Project Lifecycle
l.	 Training and Awareness for Regulatory Compliance

6.	 Research the internet to identify how engineers communicate the results of 
a risk assessment to stakeholders effectively.

•	 youtube.com/watch?v=JUlsm934at0 

•	 https://www.safran.com/blog/how-to-communicate-risk-to-
project-stakeholders 

•	 https://hogonext.com/how-to-communicate-risk-information-to-
stakeholders/

Activity 2.2 Risk Assessment in Everyday Life

Objective: To relate risk assessment to students’ daily experiences.

Materials: List common activities (e.g., crossing the street or using a 
smartphone while walking).

Steps

1.	 List some everyday scenarios that involve some level of risk.
2.	 Individually, identify potential hazards and assess the risks for each scenario.
3.	 Discuss your identified risks and develop control measures by working with 

one classmate.

Group Discussion: You and your teammate share your thoughts with the 
group, and the class discusses how risk assessments influence daily decisions.

Questions
a.	 What are the common risks you identified?
b.	 How can you naturally assess risks in everyday life?
c.	 How can this mindset help in making safer decisions?

https://www.safran.com/blog/how-to-communicate-risk-to-project-stakeholders
https://www.safran.com/blog/how-to-communicate-risk-to-project-stakeholders
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Figure 2.1: A picture of a man crossing the road while using his phone

Activity 2.3 Assessing Risks in School Settings

Objective: To practice identifying and analysing risks within familiar 
environments.

Materials: Checklists and school maps.

Steps

1.	 Individually review various areas in your school, identifying potential risks 
(e.g., slippery floors, electrical outlets).

2.	 By working with one of your classmates, share your findings and rate the 
severity and likelihood of each risk.

3.	 The two of you work together to suggest possible controls or safety 
measures.

Group Discussion: Present one risk they assessed, and the class discusses the 
relevance of such assessments in maintaining a safe school environment.

Questions
a.	 Which risks were most common, and why?
b.	 How do these assessments benefit everyone in school?
c.	 What measures could improve overall school safety?

Figure 2.2: A picture of children playing during break
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Activity 2.4 Risk Assessment in Future Careers

Objective: To explore how risk assessment is essential in various careers.

Materials: Career role cards (e.g., doctor, engineer, teacher).

Steps

1.	 Select a career role and consider the risks associated with that profession.
2.	 Work with one of your classmates to share your assessments and discuss 

how these risks impact safety and productivity.
3.	 You and your teammate choose one occupation and identify three key risks 

and possible controls.

Group Discussion: Discuss with your class the importance of risk assessment 
in different career paths.

Questions

a.	 What are the common work-related risks?
b.	 How does risk assessment contribute to workplace safety?
c.	 How could better risk assessments improve professional outcomes?

Figure 2.3: A picture of an engineer involved in an accident

Activity 2.5 Evaluating Risks of Social Media Usage

Objective: To understand risk assessment in online behaviours.

Materials: Social media scenarios (e.g., sharing location, posting personal 
information).

Steps

1.	 Individually review potential risks in online scenarios and consider possible 
impacts on privacy, reputation, and safety.
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2.	 Select a teammate from your class, discuss your thoughts as a pair, and 
decide on precautionary measures.

3.	 You and your teammate summarise your discussion, including your 
recommended “safe social media” practices.

Group Discussion: The class discusses the relevance of risk assessment in 
online activities.

Questions
a.	 What risks did you find most concerning?
b.	 How does assessing these risks protect your privacy and reputation?
c.	 What strategies can make social media safer for everyone?

TYPES OF RISK ASSESSMENT
Engineers use different methods to identify, analyse, and manage risks that affect the 
success of a project. These methods help prevent hazards, keep projects on schedule, 
and ensure the final product is safe and effective. Some risk assessment methods 
are simple and easy to use, while others are more complex and detailed. Each has 
advantages and disadvantages, so engineers choose the best one based on the type of 
project and the risks involved.  Here are some common types of risk assessment used 
in engineering:

1.	 Qualitative Risk Assessment: This method uses simple descriptions to judge 
how likely a risk is and how much impact it could have. It usually relies on expert 
opinions and experience instead of exact numbers. Qualitative risk assessments are 
helpful for quickly identifying and prioritising risks, but they may not be incredibly 
detailed and precise enough for comprehensive decision-making. 

2.	 Quantitative Risk Assessment: This method uses numbers to measure how 
likely a risk is and what its impact could be. It involves using statistics and models 
to estimate the chance of a risk happening and its effects. Quantitative risk 
assessments give more accurate and detailed risk information but can take more 
time and resources. 

3.	 Fault Tree Analysis (FTA): FTA is a method used to figure out the different 
combinations of events that could cause a major problem, called the top event. It 
helps discover why complicated systems fail and identifies important paths that 
could lead to failure. Figure 2.4 shows the essential steps in FTA.
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Figure 2.4: An image of Steps in Fault Tree Analysis

a.	 Define the Top Event: The top even refers to the potential failure or accident. 
Identify the top event and the boundary conditions you want to analyse. 

b.	 Construct the Fault Tree: Break down the top event into its potential causes 
using appropriate symbols (logic gates e.g. AND, OR). Start from the top event 
and work your way downwards until reaching basic, independent events for 
which failure data is available. 

c.	 Identify the Minimal Cut Sets: Determine the combination of root causes or 
basic failures that can lead to the top event. These are the lowest-level events in 
the fault tree, commonly called the minimum cut sets.

d.	 Analyse the Fault Tree: Use the fault tree to trace the pathways leading to the 
top event. The analysis can employ quantitative and/or qualitative methods to 
determine the top event’s probability based on the basic events’ likelihood.

e.	 Evaluate and Improve: Assess the critical pathways and identify areas where 
improvements or preventive actions can be made to reduce the risk of the top 
event.

f.	 Reporting Results: Document the findings of the analyses. This report should 
clearly explain the fault tree, the identified minimal cut sets, and the calculated 
failure probabilities.

4.	 Failure Mode and Effects Analysis (FMEA): FMEA is a systematic method 
used to examine how different parts of a system or process might fail and how 
that could affect the overall performance. It is often used in product design and 
manufacturing to find and rank possible failures based on how serious they are, 
how often they might happen, and how easy they are to detect. Figure 2.5 further 
illustrates the meaning of FMEA, and Figure 2.6  gives the main steps for FMEA.
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Figure 2.5: An image of Failure Mode and Effect Analysis

Figure 2.6: An image of the main steps in FMEA 

5.	 Hazard and Operability Study (HAZOP): HAZOP finds and assesses potential 
hazards and operability issues in process systems. It involves carefully checking 
each part of the system to identify anything that does not work as planned and 
could lead to hazardous conditions. The major steps in HAZOP are;

a.	 Define the Scope: Clearly outline the process or system to be reviewed, including 
its boundaries and purpose.
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b.	 Assemble the HAZOP Team: Bring together a multidisciplinary team of 
experts who understand the system, such as engineers, operators, and safety 
professionals.

c.	 Break the System into Nodes: Divide the process into manageable sections 
(nodes), where each system part will be analysed individually.

d.	 Identify Process Parameters: Define key parameters for each node, such as flow, 
temperature, pressure, and composition.

e.	 Use Guide Words to Identify Deviations: Apply guide words like “more,” “less,” 
or “none” to each parameter to find potential deviations from the intended 
design or operation.

f.	 Evaluate and Recommend Actions: Assess the consequences of each deviation, 
identify potential hazards, and recommend corrective actions to eliminate or 
reduce risks.

Figure 2.7: An image of HAZOP study

6.	 Event Tree Analysis (ETA): ETA is a method used to examine the possible 
outcomes of an event or series of events. It’s often used in risk assessment to map 
out the sequence of events that could lead to a certain result and estimate how 
likely each outcome is. 

7.	 Risk Matrix: A risk matrix is a tool used to assess and prioritise risks based on their 
likelihood and impact. It is often used in qualitative risk assessments to visually 
represent risks and their severity levels. Figure 2.8 is an example of a risk matrix.
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Figure 2.8: An image of the Risk Assessment Matrix Table

8.	 Scenario Analysis: This method helps engineers prepare for the future by imagining 
different situations that could impact a project. They create scenarios like “What if 
certain things happen?” What will be the impact on the project? These alternative 
scenarios help engineers get a clearer picture of challenges and outcomes, allowing 
them to plan how to respond if any of these situations occur.

Scenario analysis involves the development of alternative future scenarios to assess 
how different risks may impact a project. It is useful for understanding the potential 
range of outcomes and developing contingency plans.

Activity 2.6 Research Project on Qualitative vs. Quantitative Risk 
Assessment

Objective: To understand the differences between qualitative and quantitative 
risk assessment approaches.

Materials: Research materials on qualitative and quantitative risk assessment 
methods, access to the library or the internet.

Steps

1.	 You and your classmates should form two groups: one group to research 
qualitative assessments, while the other explores quantitative methods.

2.	 Each group prepares a brief report on their method, highlighting strengths, 
limitations, and typical use cases.

3.	 Groups compare findings and create a visual summary of the two 
approaches.

Group Discussion: Groups present their findings, then discuss when each type 
of assessment might be best suited for different scenarios.
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Questions

a.	 How does each method approach risk assessment?
b.	 What situations would favour a qualitative or quantitative assessment?
c.	 How do these assessments aid in decision-making?
d.	 Describe a scenario where a combination of qualitative and 

quantitative risk assessment methods would be beneficial
e.	 How should engineers ensure that the data used in quantitative risk 

assessment is accurate and reliable?

Activity 2.7 Fault Tree Analysis (FTA)

A power outage disrupts the school’s computer lab during a scheduled exam.

Objective: Identify potential causes of the outage and assess preventive 
measures.

Steps

1.	 Present the top event (power outage).
2.	 List possible outage causes, such as electrical failure, equipment overload, or 

human error.
3.	 Develop a fault tree diagram with the main event branching into specific 

causes.
4.	 Identify which causes are preventable with improved procedures.

Questions

a.	 What are the primary and secondary causes of this event?
b.	 Which causes could be mitigated through regular maintenance or 

preventive measures?
c.	 How can we minimise the impact of this kind of disruption?

Activity 2.8 Failure Mode and Effects Analysis (FMEA)

The school’s central heating system fails during winter, affecting class comfort.

Objective: Assess potential failures within the heating system to prioritise 
repairs.

Steps
1.	 Identify possible failure modes, such as thermostat issues, furnace 

malfunctions, or pipe leaks.
2.	 For each failure mode, assess the effect on comfort and health.
3.	 Assign severity, occurrence, and detection scores, and calculate the Risk 

Priority Number (RPN).
4.	 Prioritise actions to address high-RPN failure modes.
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Questions
a.	 Which failures are most likely, and which would have the greatest 

impact?
b.	 How could early detection help prevent these issues?
c.	 What changes or preventive actions should be prioritised?

Activity 2.9 Hazard and Operability Study (HAZOP)

A science lab experiment involving chemicals and heating equipment.

Objective: Identify potential hazards from deviations in lab processes.

Steps
1.	 Define standard conditions (e.g., specific temperatures, safe storage).
2.	 Identify possible deviations (e.g., overheating, gas leaks).
3.	 Analyse the effects of each deviation and propose safety measures.
4.	 Recommend process changes or safety controls to prevent accidents.

Questions

a.	 What risks arise if the equipment or chemicals deviate from standard 
conditions?

b.	 What safety controls could prevent these deviations?
c.	 How could lab procedures be adjusted to ensure safer operations?

Activity 2.10 Risk Matrix

Organising a sports event with potential safety hazards (e.g., slippery floors, 
heavy equipment).

Objective: Assess risks and prioritise actions using a risk matrix.

Steps

1.	 List potential hazards associated with the event.
2.	 For each hazard, assess its likelihood and severity.
3.	 Place each hazard on a risk matrix to prioritise them.
4.	 Discuss control measures to address the highest-priority risks.

Questions
a.	 Which hazards have the highest likelihood and impact?
b.	 How can we reduce the likelihood or severity of each risk?
c.	 What additional precautions could enhance safety at the event?
d.	 How could you incorporate feedback from stakeholders into the risk 

assessment process?



33

HEALTH AND SAFETY IN ENGINEERING PRACTICE	SECTION 2

PROCEDURE FOR RISK ASSESSMENT AND 
CONTROL MEASURES FOR VARIOUS HAZARDS
Procedure For Risk Assessment
The risk assessment involves systematically identifying, analysing, and managing 
potential risks to minimise harm or loss. Engineering risk assessment is a structured 
process used to identify, evaluate, and manage risks associated with engineering 
projects, processes, or systems. The process usually involves several key steps which 
serve as a guide to achieve the best results. These Key steps include:

1.  Identify Hazards
a.	 Gather Information: This involves gathering data on the processes, activities, and 

environments involved. You may use information from technical documents, 
process flow diagrams, safety data sheets, and past incident records.

b.	 Identify Potential Hazards: The information gathered can be used to identify and 
list all potential hazards that could cause harm. These hazards can take various 
forms, including physical, chemical, biological, ergonomic, and psychosocial.

2.  Assess Risks
a.	 Determine Likelihood: The next step is to use the information gathered to 

estimate the likelihood or probability of each hazard you have identified 
occurring. Some factors that can influence the likelihood are frequency of 
exposure, history of similar events, and existing controls. 

b.	 Assess Severity: At this stage, you evaluate the potential impact or consequences 
of the hazard on life, properties, processes, etc, if it were to occur. You do this 
by considering the effect on health, the environment, finance, and reputation 
or brand. 

c.	 Risk Matrix: You then develop a risk matrix classifying risks (e.g., low, medium, 
high, critical). The risk matrix combines the likelihood and severity of the 
hazards, making it easier to visualise.

3.  Evaluate and Prioritise Risks
a.	 Risk Tolerance: Risk tolerance is the level of risk that an organisation or 

individual is willing to accept while aiming to meet project objectives safely and 
effectively. It helps determine acceptable risks that need further management or 
mitigation. After determining and assessing the risk, you will need to compare 
the assessed risks against predefined risk criteria or tolerance levels. 

b.	 Prioritise: The risks are then ranked according to their potential impact and 
likelihood. You must focus on addressing higher-priority risks first. 
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4.  Control Measures
a.	 Identify Controls: At this stage, you determine the possible control measures 

to reduce or eliminate the identified risks. These control measures can be 
engineering controls (e.g. erecting barriers, attaching guards, or redesigning 
processes), administrative controls (e.g., training procedures), or personal 
protective equipment (PPE).

b.	 Implement Controls: The control measures are then put into practice, ensuring 
they are feasible, effective, and sustainable. 

5.  Monitor and Review
a.	 Monitor: You must continuously observe the implemented controls’ effective-

ness to ensure they meet the expectations. This can involve regular inspections, 
audits, and incident reporting. 

b.	 Review: You use your findings from the observation to periodically review 
the risk assessment to account for changes in processes, new hazards, or after 
incidents occur and update the assessment and controls, as necessary. 

6.  Document and Communicate
a.	 Documentation: Documentation is necessary for accountability and continuous 

improvement. You must record all your findings, decisions, and actions during 
risk assessment. This includes hazard identification, risk evaluations, control 
measures, and monitoring results. 

b.	 Communication: The outcomes of the risk assessment and the control measures 
must be communicated to all relevant stakeholders, including employees, 
management, and contractors. 

7.  Continuous Improvement
a.	 Feedback Loop: A conscious effort must be made to solicit feedback from 

employees and stakeholders. Their feedback must be used to identify areas for 
improvement to facilitate continuous improvement. 

b.	 Training and Education: Provision must be made for continuous training to 
ensure that everyone understands the risks and their roles in mitigating them. 

c.	 Review and Update: Regularly revisit the risk assessment process to continually 
incorporate new knowledge, technologies, and practices to improve safety and 
risk management.

Activity 2.11

Your teacher will allocate you to a small group to carry out some activities based on 
what we have learnt.

1.	 Brainstorm the key steps in conducting a comprehensive risk assessment in 
an engineering project.
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2.	 Discuss how the identification of hazards initiates the risk assessment 
process.

3.	 Discuss and write down the role of risk analysis in the overall risk 
assessment procedure.
a.	 Identifying risks
b.	 Evaluating the likelihood and impact of risks
c.	 Prioritising risks for action
d.	 Developing risk mitigation strategies
e.	 Providing decision support
f.	 Facilitating communication
g.	 Supporting continuous risk monitoring

4.	 Discuss and write down the methods used to evaluate the likelihood and 
impact of identified risks.
a.	 Qualitative methods
b.	 Quantitative methods
c.	 Combining likelihood and impact
d.	 Sensitivity analysis

5.	 Agree on how risk matrices are used to prioritise risks during the risk 
assessment procedure.

6.	 Identify the typical tools and techniques used in the risk assessment process 
for engineering projects.

Activity 2.12  Office Safety Hazard Identification

Objective: To understand the process of identifying hazards and assessing risks 
in a workplace.

Materials: Sample office layout (diagrams or physical setup), hazard checklist, 
and notepads.

Steps

1.	 Form a small group with your classmates. Each group member picks a 
different role, such as Safety Officer, Employee, or Manager.

2.	 Provide an office layout with potential hazards (e.g., tripping hazards, 
electrical issues).

3.	 You and your group conduct a walkthrough, identifying and recording 
potential hazards.

Group Role-Play: Present your findings to the class, simulating a safety 
meeting.
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Questions

a.	 What hazards were identified, and why?
b.	 What potential risks do these hazards pose?
c.	 How might these risks be mitigated?

Activity 2.13 Risk Assessment in School Lab

Objective: To practice evaluating risks in a familiar environment.

Materials: Science lab equipment list, lab safety guidelines, risk assessment 
form.

Steps:

1.	 Form a small group with your classmates, visit a school lab, and review 
equipment and chemicals.

2.	 You and your group complete a risk assessment form, noting hazards and 
possible control measures.

3.	 Research and list required personal protective equipment (PPE).

Group Role-Play: Present a lab safety plan to the “principal” (played by a 
student or teacher).

Questions

a.	 How can accidents be prevented in the lab?
b.	 What PPE is essential for high-risk activities?
c.	 What immediate actions should be taken in case of an emergency?

Activity 2.14 Risk Assessment in Event Planning

Objective: To explore risk management in public events.

Materials: Event scenario (e.g., school fair), risk assessment matrix, checklist.

Steps
1.	 Form a group with your classmates and pick different event roles (Event 

Manager, Security Officer, Volunteer).
2.	 Your group identifies potential risks (e.g., crowd control, food safety) and 

mitigation strategies.
3.	 Complete a risk assessment matrix.

Group Role-Play: Simulate a meeting to discuss safety protocols for the event.

Questions
a.	 What are the high-priority risks for this event?
b.	 How would you handle emergencies during the event?
c.	 What role does each team member play in ensuring safety?
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Activity 2.15 Research Project: Industry-Specific Risk Assessments

Objective: To understand risk assessment in different industries.

Materials: Internet access, presentation materials.

Steps

1.	 Form a small group with your classmates and research risk assessment 
procedures for different industries (e.g., construction, healthcare, 
hospitality).

2.	 You and your group analyse your assigned industry’s hazards and risk 
management techniques.

3.	 Create a report and presentation on industry-specific risk assessment 
protocols.

Presentation: Groups present their findings to the class, highlighting unique 
risks and procedures.

Questions

a.	 What risks are unique to your industry?
b.	 How are risks mitigated differently across industries?
c.	 What can other industries learn from these procedures?

Activity 2.16 Developing a School Safety Plan

Objective: To create a comprehensive risk assessment and mitigation plan for a 
familiar environment.

Materials: School maps, risk assessment templates, and safety equipment list.

Steps

1.	 Groups perform a risk assessment of the school environment (e.g., gym, 
cafeteria).

2.	 Develop a detailed plan, including risk identification, assessment, and 
mitigation measures.

3.	 Groups prepare emergency response plans for potential hazards.

Group Role-Play: Students simulate presenting the safety plan to the school’s 
leadership team.

Questions

a.	 What are the most critical areas of risk in the school?
b.	 How should students and staff respond to emergencies?
c.	 How can ongoing risk assessments improve school safety?
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CONTROL MEASURES FOR HAZARDS
As you have studied earlier, a hazard in engineering is anything that could cause harm 
or injury to people, equipment, or the environment. Because engineering projects 
often involve heavy machinery, electrical equipment, chemicals, and other hazardous 
materials, keeping the work environment safe is important. Engineers use different 
control measures to manage these hazards and reduce the chance of accidents or 
injuries. These measures are grouped into several types, including engineering 
controls, administrative controls, and personal protective equipment (PPE). Here are 
some common hazards in engineering and the control measures used to manage them:

Physical Hazards 
Noise

a.	 Engineering Controls: Engineering controls for noise hazards focus on reducing 
the sound at its source. This can include installing sound-dampening materials 
in walls, using quieter machinery models, or setting up noise barriers around 
loud equipment to keep the work environment quieter.

b.	 Administrative Controls: Administrative controls aim to manage how workers 
interact with noise hazards by adjusting work practices. For example, managers 
can limit workers’ exposure to high noise levels, schedule regular breaks, and 
rotate workers so that no one spends too much time in loud areas.

c.	 PPE: PPE for noise control provides a last line of defence to protect workers’ 
hearing. Earplugs or earmuffs are common types of hearing protection that 
reduce the sound reaching a worker’s ears, making it safer to work in noisy 
environments. Figure 2.9 shows an engineer wearing earplugs, and Figure 2.10 
shows an engineer wearing earmuffs.

Figure 2.9:  An engineer wearing earplugs
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Figure 2.10:  An engineer wearing earmuffs

Vibration
a.	 Engineering Controls: Engineering controls for vibration hazards are designed 

to reduce the source of vibrations. This can include using special mounts to 
absorb vibrations, keeping equipment well-maintained to reduce shaking, and 
designing machines to operate more smoothly.

b.	 Administrative Controls: Administrative controls for vibration focus on 
reducing exposure time. These include rotating workers or limiting their time 
on vibrating equipment to reduce the risk of injury from long-term exposure.

c.	 PPE: PPE for vibration includes special gear to protect workers’ hands and arms. 
Anti-vibration gloves are designed to absorb and reduce vibrations, making 
the use of vibrating tools and equipment safer for workers. Figure 2.11 is an 
example of an anti-vibration glove.

Figure 2.11: A picture of anti-vibration gloves
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Radiation
a.	 Engineering Controls: Engineering controls for radiation hazards are focused on 

keeping people safe by blocking or limiting radiation exposure. This can include 
using shields around radiation sources, using remote tools to handle radioactive 
materials from a safe distance, and installing monitors to detect radiation levels 
in the work area.

b.	 Administrative Controls: Administrative controls for radiation involve creating 
and following strict safety rules to protect workers. This includes having detailed 
safety protocols and providing radiation safety training, so workers know how 
to avoid unnecessary exposure.

c.	 PPE: PPE for radiation provides a physical barrier to protect workers from 
radiation exposure. Lead aprons and other shielding garments are worn to block 
radiation from reaching the body, reducing the risk of harm when working near 
radioactive materials.  Figure 2.12 shows a lead apron used for protection from 
X-ray machines

Figure 2.12: A lead apron used for protection from X-ray machines
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Chemical Hazards 
Toxic Chemicals

a.	 Engineering Controls: Engineering controls for hazardous fumes and chemicals 
are designed to keep dangerous substances away from workers. Controls include 
using fume hoods to capture fumes, ventilation systems to remove harmful 
vapours, and enclosing processes to prevent chemicals from escaping into the 
air.

b.	 Administrative Controls: Administrative controls focus on creating safe work 
practices for handling chemicals. This includes clearly labelling hazardous 
materials, following proper storage and handling procedures, and conducting 
regular training and emergency drills to prepare workers for accidents.

c.	 PPE: PPE for chemical safety includes gear that protects workers from 
exposure to harmful substances. Gloves, goggles, and respirators/gas masks are 
commonly provided to prevent skin, eye, and respiratory contact with hazardous 
substances/chemicals. Figure 2.13 shows an engineer wearing a respirator (gas 
mask).

Figure 2.13: An engineer wearing a gas mask

Flammable Chemicals
a.	 Engineering Controls: Engineering controls for fire and explosion hazards 

from flammable chemicals are focused on minimising risks by controlling how 
equipment and chemicals are handled. This includes using explosion-proof 
equipment to prevent sparks, installing ventilation to disperse flammable fumes, 
and storing chemicals in fire-resistant cabinets to reduce the risk of ignition.
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b.	 Administrative Controls: Administrative controls involve setting and enforcing 
strict procedures to safely handle and store flammable chemicals. Workers are 
also given regular training on fire safety practices so they know how to work 
with hazardous substances and respond to emergencies safely. 

c.	 PPE: PPE for fire safety includes specialised clothing and tools to protect workers 
if a fire occurs. Flame-resistant clothing helps shield workers from burns, and 
having fire extinguishers available allows them to quickly control small fires 
and prevent them from spreading.

Biological Hazards 
Infectious Agents

a.	 Engineering Controls: Engineering controls for managing infectious agents are 
designed to create a safer environment by containing harmful substances. This 
includes using biological safety cabinets to safely handle samples, ensuring 
proper ventilation to reduce airborne pathogens, and providing sanitation 
facilities for thorough handwashing and cleaning.

b.	 Administrative Controls: Administrative controls focus on establishing clear 
rules and procedures for safely working with biological materials. This includes 
implementing specific protocols for handling infectious agents and providing 
training on biosafety practices so that everyone understands how to minimise 
risks and respond to accidents effectively.

c.	 PPE: PPE for dealing with infectious agents is essential for protecting workers 
from exposure to harmful microorganisms. Items such as gloves, masks, lab 
coats, respirators, and face shields are provided to create barriers against 
infections and ensure workers stay safe while performing their tasks. 

Ergonomic Hazards 
Repetitive Strain Injuries (RSIs)

a.	 Engineering Controls: Engineering controls aim to create a workspace that 
minimises the risk of RSIs by designing it for comfort and efficiency. This can 
include setting up workstations ergonomically to fit the user’s body, providing 
adjustable furniture that can accommodate different heights and positions, and 
using specialised tools designed to reduce strain on the hands and wrists.

b.	 Administrative Controls: Administrative controls focus on organising work 
processes to prevent repetitive strain injuries. This can involve implementing 
job rotation to vary worker tasks, enforcing scheduled breaks to give the body 
time to rest, and conducting ergonomic assessments to identify and address 
potential risks in the workplace.

c.	 PPE: PPE for preventing repetitive strain injuries includes ergonomic aids that 
support the body during work tasks. Providing items like wrist supports helps 
maintain proper posture and reduce strain. At the same time, anti-fatigue mats 
can alleviate pressure on the feet and legs of workers who stand for long periods. 
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Electrical Hazards 
Electric Shock and Arc Flash

a.	 Engineering Controls: Engineering controls help prevent electric shock 
and arc flash incidents by ensuring that electrical systems are safe and well-
maintained. This includes installing proper grounding and insulation to protect 
against electrical currents, using circuit breakers to cut off power during faults 
automatically, and conducting regular maintenance on electrical systems to 
identify and fix potential hazards.

b.	 Administrative Controls: Administrative controls focus on creating safe work 
practices and procedures to minimise electrical risks. This involves implementing 
lockout/tagout procedures to ensure that electrical equipment is properly shut 
down and secured during maintenance and providing electrical safety training 
so that workers understand how to work safely around electrical systems. 

c.	 PPE: PPE protects workers from electric shock and arc flash hazards. Providing 
insulated gloves helps prevent electrical currents from passing through the 
hands, face shields protect the face from flying debris and heat during an arc 
flash, and flame-resistant clothing offers an additional layer of protection 
against burns and injuries.

Mechanical Hazards 
Moving Machinery

a.	 Engineering Controls: Engineering controls focus on redesigning equipment 
and workspaces to minimise hazards from moving machinery. This includes 
installing guards and barriers to prevent workers from meeting moving 
parts, using automatic shut-off systems that stop the machinery in case of an 
emergency, and ensuring that equipment is properly maintained to keep it in a 
safe working condition.

b.	 Administrative Controls: Administrative controls establish rules and practices 
to promote safe operations around moving machinery. This includes enforcing 
safe operating procedures that workers must follow, providing training to 
ensure everyone knows how to work safely with machines, and implementing 
a lockout/tagout system that secures machines during maintenance or repair to 
prevent accidental start-up.

c.	 PPE: PPE is essential for protecting workers from injuries associated with 
moving machinery. Providing safety goggles helps shield the eyes from debris, 
gloves protect the hands from cuts and abrasions, and wearing protective 
clothing reduces the risk of injuries from sharp or moving parts.

Falling Objects
a.	 Engineering Controls: Engineering controls help prevent injuries from falling 

objects by creating physical barriers and safety systems. This includes installing 
nets and barriers to catch falling materials, using guardrails around elevated 
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work areas to prevent tools or equipment from falling, and ensuring that all 
overhead structures are designed to minimise the risk of items dropping.

b.	 Administrative Controls: Administrative controls focus on establishing safe 
practices for storing and handling materials to prevent falling objects. This 
includes implementing proper storage and stacking procedures to ensure that 
items are secured and stable, and conducting regular safety inspections to 
identify and address potential hazards before accidents occur. 

c.	 PPE: PPE is critical for protecting workers from injuries caused by falling 
objects. Providing hard hats helps shield the head from impacts, while safety 
boots offer additional protection for the feet, reducing the risk of injuries from 
heavy or sharp objects that may fall. 

Environmental Hazards 	
Extreme Temperatures

a.	 Engineering Controls: Engineering controls focus on modifying the work 
environment to help maintain comfortable and safe temperatures. This 
includes using insulation to keep buildings warm in the winter and cool in the 
summer and installing effective heating and cooling systems to regulate indoor 
temperatures and protect workers from extreme conditions. 

b.	 Administrative Controls: Administrative controls aim to adjust work practices 
and schedules to minimise exposure to extreme temperatures. This can involve 
scheduling work during cooler periods of the day, enforcing regular breaks for 
workers to rest and hydrate, and providing acclimatisation programs to help 
employees gradually adjust to high temperatures and reduce the risk of heat-
related illnesses. 

c.	 PPE: PPE is important for providing additional protection against extreme 
temperatures. Providing thermal clothing helps keep workers warm in cold 
conditions. In contrast, cooling vests can help regulate body temperature in 
hot environments, allowing workers to perform their tasks more safely and 
comfortably. 

Confined Spaces
a.	 Engineering Controls: Engineering controls for confined spaces focus on creating 

a safer environment by improving conditions within these areas. This includes 
ensuring proper ventilation to provide fresh air and remove harmful gases 
and using remote monitoring systems to track air quality and environmental 
conditions in real-time, allowing for timely interventions.

b.	 Administrative Controls: Administrative controls establish clear procedures 
to ensure safe entry and work practices in confined spaces. This involves 
implementing specific entry and exit procedures to ensure that workers can 
safely access and leave the space, conducting atmospheric testing to check for 
dangerous gases or low oxygen levels, and providing training to understand the 
risks and safety protocols associated with confined space work. 
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c.	 PPE: PPE is essential for protecting workers entering confined spaces where 
hazards may exist. Providing respirators helps ensure workers access clean air, 
while harnesses can be used to secure them and prevent falls. Communication 
devices allow workers to stay in contact with those outside the confined space 
for safety and support.

Activity 2.17 Identifying and Ranking Control Measures

Objective: To understand the hierarchy of controls in managing hazards.

Materials: Hazard examples (e.g., wet floors, heavy lifting, noisy machinery).

Steps

1.	 Make a list of different hazards and identify their control measures.
2.	 Select a teammate and work together to rank your chosen controls from 

most effective to least effective.
3.	 Share your ranking and explain your choices to your class.

Group Discussion: Discuss the hierarchy of controls (elimination, substitution, 
engineering controls, administrative controls, PPE) and why certain measures 
are prioritised.

Questions

a.	 What work is being done? Understanding the kind of work being done 
is an important step in identifying the potential hazards associated 
with the work.

b.	  What kind of possible injury, damage, or danger can occur?
c.	 List all the potential hazards that can occur depending on the nature 

of the work.
d.	 What can or has to be done to avoid the potential hazard? 
e.	 After listing all possible hazards, write down all the precautions that 

can be taken to avoid such hazards or reduce risk if the hazard should 
occur.
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Figure 2.14: An image of a workplace

Activity 2.18 Case Study Analysis: Control Measures in Action

Objective: To analyse real-world examples of hazard control measures.

Materials: Case studies involving various hazards and control measures (e.g., 
construction site safety, healthcare PPE usage).

Steps
1.	 Form a small group with your classmates and select a case study to read and 

analyse.
2.	 Discuss the control measures implemented and suggest any improvements.
3.	 Present your analysis, focusing on how effective the control measures were.

Group Discussion: Discuss each case study, evaluating whether the control 
measures were adequate or other methods could be more effective.

Questions

a.	 From a case study of a construction site, what potential safety hazards 
can be identified?

b.	 How would you use a risk assessment matrix to evaluate these 
hazards?
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Figure 2.15: A picture of a Construction site

Activity 2.19 Think-and-Share: Brainstorming Control Measures for 
Common Hazards

Objective: To creatively think about appropriate control measures for typical 
hazards.

Materials: List of common hazards (e.g., electrical issues, neatness, safety of 
documents, etc.)

Steps

1.	 Select a hazard and brainstorm individual control measures.
2.	 Select a teammate from your class, share and refine your ideas.
3.	 Present your ideas, suggesting each hazard’s most effective control measures.

Group Discussion: The class discusses why certain measures might be more 
effective for specific hazards.

Questions

a.	  What work is being done? 
b.	 What kind of possible injury, damage or danger can occur?
c.	 List all the potential hazards that can occur depending on the nature 

of the work.
d.	 What can or has to be done to avoid the potential hazard? 
e.	 After listing all possible hazards, write down all the precautions that 

can be taken to avoid such hazards or reduce risk if the hazard should 
occur.
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Figure 2.16:  An image of an Office

Activity 2.20 Role-Playing: Implementing Control Measures in 
Workplaces

Objective: To understand the practical implementation of control measures in 
different environments.

Materials: Workplace scenarios (e.g., restaurant kitchen, manufacturing plant).

Steps

1.	 Form a small group, role-play a workplace scenario with one member as a 
safety officer tasked with implementing control measures.

2.	 Discuss potential hazards in their scenario and apply relevant control 
measures.

3.	 Present how you implemented the controls and discuss any challenges.

Group Discussion: Reflect on the scenarios and the importance of practical 
control measures in maintaining workplace safety.

Questions

a.	 Based on a case study of a restaurant with recent food contamination 
issues, what risks need to be assessed?

b.	 How would you use a risk assessment matrix to address food safety 
concerns?
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Figure 2.17: A picture of a Restaurant

Activity 2.21 Evaluating Control Measures for Real-World Hazards

Objective: To evaluate and assess different control measures’ effectiveness in 
real-world hazards.

Materials: Examples of real-world hazards from various industries (e.g., ladder 
safety, loud machinery).

Steps
1.	 Conduct personal research into a real-world hazard and the control 

measures used to manage it.
2.	 Select a teammate and discuss with him/her the effectiveness of the controls 

and suggest any potential improvements.
3.	 Present their hazard and evaluate how well it was managed with control 

measures.

Group Discussion: Discuss the pros and cons of various control measures 
across industries and their real-world applicability.

Questions

a.	 How important is risk evaluation in the risk assessment process?
b.	 How effective were the control measures in your example?
c.	 What improvements, if any, would you suggest?
d.	 How can understanding real-world control measures impact your 

approach to safety?
e.	 What is the role of continuous monitoring and review in the risk 

assessment procedure?
f.	 How do risk assessment procedures differ for new engineering 

projects versus existing systems?
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RISK ASSESSMENT MATRIX
Risk Assessment Matrix in Risk Scenarios
The risk assessment matrix is a useful tool that helps engineers identify which risks are 
most important to address by examining the likelihood that they will happen and how 
serious their impact could be. This matrix is used to categorise risks and prioritise them 
accordingly. Here is a step-by-step example of applying the risk assessment matrix to a 
given risk scenario in engineering.

Scenario: Designing an Automated Conveyor Belt System in a 
Manufacturing Plant 
Context: An engineering team is creating a factory’s automated conveyor belt system. 
This system will move heavy materials from one stage of production to another. The 
main issues they need to consider are keeping workers safe, preventing mechanical 
breakdowns, and minimising or avoiding delays and downtimes in operations.

Figure 2.18: An image of packed goods on a conveyor belt

Steps to Apply the Risk Assessment Matrix 
1. Identify Potential Hazards 

a.	 Mechanical Failure of the Conveyor Belt 
i.	 Cause: This can be due to wear and tear, lack of maintenance, etc. 
ii.	 Consequence: This may result in production stoppage, potential worker 

injuries, etc. 

b.	 Electrical Faults in the Control System 
i.	 Cause: Electrical faults may result from short circuits, power surges, etc. 
ii.	 Consequence: The effect of such electrical faults may include system 

malfunction, risk of fire, electric shock or electrocution.
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c.	 Worker Injuries Due to Moving Parts 
i.	 Cause: Injuries from moving parts can result from improper guarding, loose 

clothing, human error, etc. 
ii.	 Consequence: The effects may include serious injuries and possible fatalities. 

2. Determine the Likelihood and Severity 
For each of the hazards identified, estimate the likelihood and severity

a.	 Mechanical Failure of the Conveyor Belt 
i.	 Likelihood: Medium (3) 
ii.	 Severity: High (4) 

b.	 Electrical Faults in the Control System 
i.	 Likelihood: Low (2) 
ii.	 Severity: Critical (5) 

c.	 Worker Injuries Due to Moving Parts 
i.	 Likelihood: Medium (3) 
ii.	 Severity: Critical (5) 

3. Construct the Risk Assessment Matrix 
The risk assessment matrix is a tool that helps visualise the risk levels by plotting the 
likelihood against the severity. Below is an example of a 5x5 matrix

Table 2.1: 5x5 Matrix of Likelihood and Severity

Severity / 
Likelihood 

Insignificant 
(1)

Minor (2) Moderate 
(3)

High (4) Critical (5)

Rare (1) 1 2 3 4 5

Unlikely (2) 2 4 6 8 10

Possible (3) 3 6 9 12 15

Likely (4) 4 8 12 16 20

Almost 
Certain (5)

5 10 15 20 25

4. Assign Risk Levels 
Using the matrix, assign a risk level to each hazard

a.	 Mechanical Failure of the Conveyor Belt 
i.	 Likelihood: Medium (3) 
ii.	 Severity: High (4) 
iii.	Risk Level: 12 (Possible, High) 



52

HEALTH AND SAFETY IN ENGINEERING PRACTICE	SECTION 2

b.	 Electrical Faults in the Control System 
i.	 Likelihood: Low (2) 
ii.	 Severity: Critical (5) 
iii.	Risk Level: 10 (Unlikely, Critical) 

c.	 Worker Injuries Due to Moving Parts 
i.	 Likelihood: Medium (3) 
ii.	 Severity: Critical (5) 
iii.	Risk Level: 15 (Possible, Critical) 

5. Evaluate and Mitigate Risks 
Based on the risk levels, prioritise mitigation strategies 

a.	 Mechanical Failure of the Conveyor Belt (Risk Level: 12) 
Mitigation: Implement regular maintenance schedules, use high-quality 
materials, and install sensors to detect wear and tear.

b.	 Electrical Faults in the Control System (Risk Level: 10) 
Mitigation: Install surge protectors, use circuit breakers, and conduct regular 
electrical inspections. 

c.	 Worker Injuries Due to Moving Parts (Risk Level: 15) 
Mitigation: Install proper guarding around moving parts, implement safety 
training programs, PPE coveralls to cover any loose clothing, and use 
emergency stop mechanisms.

Activity 2.22 Watch Video

Watch a short video on Types of Risk Assessment and how to calculate Risk 
Matrix from the link https://www.youtube.com/watch?v=YWbgcsYA4yY

Question: What are four (4) key components of a risk assessment matrix?

https://www.youtube.com/watch?v=YWbgcsYA4yY
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Activity 2.23 Exploring the Importance of a Risk Assessment Matrix

Objective: To help you understand how a risk assessment matrix prioritises 
hazards.

Materials: Sample risk assessment matrix template.

Steps

1.	 Research the concept of a risk assessment matrix and demonstrate how to 
use it.

2.	 Write a few sentences about why a matrix is important for evaluating and 
prioritising risks.

3.	 Select a teammate from your class and share your thoughts and examples of 
when the matrix could be helpful.

Group Discussion: Discuss the significance of using a matrix to assess and 
compare risks.

Questions

a.	 How does the matrix help understand risk levels?
b.	 Why is it important to prioritise risks?
c.	 How can a matrix improve decision-making for safety?

Activity 2.24 Applying the Risk Matrix to Everyday Scenarios

Objective: To practice using a risk assessment matrix in common situations.

Materials: Everyday risk scenarios (e.g., crossing a busy street, playing sports).

Steps

1.	 Select a scenario and rate the risk using a matrix template, considering both 
severity and likelihood.

2.	 Select a teammate from your class, discuss their ratings, and compare 
results.

3.	 You and your teammate share one scenario with the class, discussing any 
differences in risk perception.

Group Discussion: Explore how different assessments arise based on the 
interpretation of severity and likelihood.

Questions

a.	 What factors affected your risk rating?
b.	 How did the matrix help you see the risk more clearly?
c.	 In what ways can this tool aid in everyday safety decisions?
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Activity 2.25 Case Study Analysis: Risk Matrix in the Workplace

Objective: To evaluate a workplace scenario using a risk assessment matrix.

Materials: A workplace case study (e.g., construction, laboratory).

Steps

1.	 Pick a case study and rate the risks in the case study using a matrix, 
identifying high-priority areas.

2.	 Select a teammate from your class, share your ratings, and justify your 
choices.

3.	 You and your teammate present how the matrix helped you to prioritise risks 
and develop control measures for your class.

Group Discussion: Compare results and discuss how the matrix assists in 
formulating a targeted approach to risk management.

Questions

a.	 How did the matrix guide your approach to the case study?
b.	 What were the highest risks, and why?
c.	 How does prioritising risks benefit workplace safety?

Activity 2.26 Using a Matrix for Event Planning Risks

Objective: To understand the matrix’s role in assessing event risks.

Materials: Event planning scenario (e.g., school fair, sports day).

Steps

1.	 Identify potential risks for the event and use a matrix to rank them.
2.	 Form a small group with your classmates and discuss your rankings and 

potential control measures.
3.	 Your group shares one key risk and the control measures you would 

prioritise based on their matrix results.

Group Discussion: Discuss how a matrix ensures efficient risk management 
for large gatherings or public events.

Questions

a.	 What risks were highest on your matrix, and why?
b.	 How does using a matrix help in planning safe events?
c.	 What are the benefits of ranking risks in high-stakes scenarios like 

public events?
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Activity 2.27 Think-and-Share: Interpreting Risk Matrix Results

Objective: To interpret and communicate findings from a risk matrix analysis.

Materials: Risk matrix template and sample data for analysis.

Steps

1.	 Individually, complete a risk matrix based on sample data, determining 
which risks require urgent action.

2.	 Form a small group with your teammates, compare your results and discuss 
how the matrix influences decision-making.

3.	 Develop a PowerPoint presentation on one risk from the matrix and suggest 
strategies based on its ranking.

4.	 Present your work to your classmates.

Group Discussion: Reflect on the value of translating matrix results into 
actionable steps and decision-making.

Questions

a.	 What did your matrix reveal about which risks need priority?
b.	 How does the matrix support clear and effective planning?
c.	 How can interpreting a risk matrix improve safety planning and 

response?

PERFORMING RISK ASSESSMENT USING CASE 
STUDIES
Risk assessment in engineering is a crucial skill that helps identify potential hazards, 
understand their possible impacts, and create plans to reduce or manage those risks. By 
studying real-life case studies, you can learn how to recognise dangers in engineering 
projects and evaluate their consequences. With this structured approach, you will 
understand how engineers ensure safety, minimise accidents and make informed 
decisions to protect people and the environment.

1.	 Identify the Case Study 
Pick an engineering case study that details a particular project or incident clearly. It 
should include background information, the project’s scope, technical information, 
and any problems or incidents that arose during the project.

2.	 Define Objectives and Scope 
You must clearly define the goals of the risk assessment. Decide on the focus, 
including which parts of the project or incident to analyse. For example, you might 
look at safety issues, financial risks, environmental effects, or technical problems.
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3.	 Gather Data 
Gather all the important details from the case study to understand the full 
picture of the project. This means collecting information like the project’s specific 
requirements, timelines, and key people or groups involved (stakeholders). Look 
at any historical data related to the project, which can help identify patterns or 
recurring issues. Also, note any past incidents or “near misses”—situations where 
an accident almost happened—as these can reveal hidden risks or areas needing 
improvement. Together, this data provides a solid foundation for identifying and 
assessing risks.

4.	 Identify Hazards 
Look for any potential hazards linked to the project or incident. These risks could 
involve technical problems, such as equipment malfunctions or design flaws; 
human errors, such as worker mistakes; environmental conditions, such as extreme 
weather or natural disasters; and regulatory compliance. Financial uncertainties, 
such as unexpected costs or budget cuts, could also impact the project. Identifying 
these hazards is the first step to understanding what could go wrong and preparing 
ways to handle these risks.

5.	 Assess Risks 
Take a closer look at each hazard you identified to understand how likely it is to 
happen and the possible effects if it does. This might involve using qualitative 
methods, like ranking risks as low, medium, or high, based on your judgment. You 
can also use quantitative methods, such as assigning numerical values to likelihood 
and impact, to assess each risk more precisely. The following is a list of some 
common techniques which have been covered earlier. 
a.	 Hazard and Operability Study (HAZOP) 
b.	 Failure Mode and Effects Analysis (FMEA) 
c.	 Fault Tree Analysis (FTA) 
d.	 Risk Matrices 

6.	 Prioritise Risks 
After evaluating each risk, organise them by ranking them based on how likely 
they are to happen and how serious their impact would be. This ranking helps you 
see which risks are the most urgent and need immediate action to prevent issues. 
Other lower-ranked risks can be monitored over time, so you’re still aware of them 
but can focus more on the high-priority hazards.

7.	 Develop Mitigation Strategies 
Propose mitigation strategies to manage the identified risks. Some of these strategies 
are listed below, which have been captured earlier in this handbook. 
a.	 Engineering Controls: Design modifications, safety features, redundancy 

systems 
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b.	 Administrative Controls: Training programs, standard operating procedures, 
maintenance schedules 

c.	 Personal Protective Equipment (PPE): Safety gear for workers 
d.	 Contingency Plans: Emergency response plans, insurance coverage 

8.	 Implement Mitigation Measures 
Describe exactly how each proposed solution or safety measure will be implemented. 
Assign specific responsibilities to individuals or teams who will handle each part of 
the plan, allocate the necessary resources, like equipment or budget, and create a 
timeline to track the completion of each step of the plan.

9.	 Monitor and Review 
Establish a monitoring and review process to track the effectiveness of the various 
strategies for mitigation set out in the plan. Regular risk assessment reviews should 
be conducted to include any new data or changes in the project scope. 

10.Document and Report 
Keep a detailed record of the risk assessment process, from identifying hazards to 
the proposed solutions. Include the risks you assessed, the strategies to reduce or 
mitigate them, and plans for monitoring progress. Finally, write a clear report to 
share your findings with the stakeholders.

Case Study 1: Construction Site Safety 

Scenario 
A construction company is building a multi-story office complex. The site involves 
high-risk activities such as working at heights, operating heavy machinery, and 
handling hazardous materials. The company aims to perform a risk assessment 
to ensure the safety of its workers.

Figure 2.19: An image of a construction site
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Risk Assessment Steps 
a.	 Identify Hazards 

i.	 Working at heights 
ii.	 Heavy machinery operation 
iii.	Handling hazardous materials (e.g., chemicals, asbestos) 
iv.	 Slips, trips, and falls 
v.	 Electrical hazards 

b.	 Determine Likelihood and Consequence

Table 2.2: 5×5 Matrix of Likelihood and Consequence

Consequence / 
Likelihood 

Insignificant (1) Minor (2) Moderate (3) High (4) Critical (5)

Rare (1) 1 2 3 4 5

Unlikely (2) 2 4 6 8 10

Possible (3) 3 6 9 12 15

Likely (4) 4 8 12 16 20

Almost Certain (5) 5 10 15 20 25

Working at heights: Likelihood (3 - Possible), Consequence (5 - Catastrophic) 

i.	 Heavy machinery: Likelihood (4 - Likely), Consequence (4 - Major) 
ii.	 Hazardous materials: Likelihood (2 - Unlikely), Consequence (5 - 

Catastrophic) 
iii.	Slips, trips, and falls: Likelihood (5 - Almost Certain), Consequence (3 - 

Moderate) 
iv.	 Electrical hazards: Likelihood (3 - Possible), Consequence (4 - Major) 

c.	 Calculate Risk Ratings 

i.	 Working at heights: 3 × 5 = 15 (High) 
ii.	 Heavy machinery: 4 × 4 = 16 (High) 
iii.	Hazardous materials: 2 × 5 = 10 (Medium) 
iv.	 Slips, trips, and falls: 5 × 3 = 15 (High) 
v.	 Electrical hazards: 3 × 4 = 12 (High)

d.	 Use Risk Assessment Matrix

i.	 Plot each risk on the matrix to determine priority levels. 
ii.	 High risks: Working at heights, Heavy machinery, Slips, trips, and falls, 

Electrical hazards 
iii.	Medium risk: Hazardous materials 
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e.	 Implement Control Measures

i.	 Working at heights: Install guardrails, provide safety harnesses, and conduct 
training. 

ii.	 Heavy machinery: Ensure proper maintenance, provide operator training, 
and establish exclusion zones. 

iii.	Hazardous materials: Provide PPE, proper storage, and handling procedures. 
iv.	 Slips, trips, and falls: clean work areas, provide appropriate footwear, and 

install warning signs. 
v.	 Electrical hazards: Regular equipment inspections, proper grounding, and 

use of GFCIs (Ground Fault Circuit Interrupters).

Case Study 2: Manufacturing Plant Machinery 

Scenario 
A manufacturing plant uses automated machinery to produce consumer 
electronics. There is a risk of machinery malfunction leading to worker injuries 
and production downtime. The plant management decides to perform a risk 
assessment.

Figure 2.20: An image of electronic circuit board production and computer chip fly test by robotic 
automated

Risk Assessment Steps 
a.	 Identify Hazards

i.	 Machinery malfunction 
ii.	 Contact with moving parts 
iii.	Electrical hazards 
iv.	 Exposure to noise 
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b.	 Determine the Likelihood and Consequence using Table 2 above 
i.	 Machinery malfunction: Likelihood (4 - Likely), Consequence (3 - Moderate) 
ii.	 Moving parts: Likelihood (3 - Possible), Consequence (4 - Major) 
iii.	Electrical hazards: Likelihood (2 - Unlikely), Consequence (5 - Catastrophic) 
iv.	 Noise exposure: Likelihood (5 - Almost Certain), Consequence (2 - Minor)

c.	 Calculate Risk Ratings
i.	 Machinery malfunction: 4 × 3 = 12 (High) 
ii.	 Moving parts: 3 × 4 = 12 (High) 
iii.	Electrical hazards: 2 × 5 = 10 (Medium) 
iv.	 Noise exposure: 5 × 2 = 10 (Medium) 

d.	 Use Risk Assessment Matrix
i.	 High risks: Machinery malfunction, moving parts 
ii.	 Medium risks: Electrical hazards, Noise exposure 

e.	 Implement Control Measures
i.	 Machinery malfunction: Regular maintenance, real-time monitoring 

systems. 
ii.	 Moving parts: Install safety guards and emergency stop mechanisms and 

train operators on safe operation. 
iii.	Electrical hazards: Implement LOTO procedures (Lock-out, tag-out 

procedures), regular inspections, and training. 
iv.	 Noise exposure: Provide ear protection, soundproofing, and regular hearing 

checks. 

Case Study 3: Chemical Processing Plant 

Scenario 
A chemical processing plant handles toxic and flammable substances. Chemical 
spills, fires, and worker exposure to hazardous substances are risks. The plant 
management undertakes a risk assessment to enhance safety protocols.
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Figure 2.21: An image of industrial zone equipment at an oil refining plant

Risk Assessment Steps 
a.	 Identify Hazards

i.	 Chemical spills 
ii.	 Fire and explosion 
iii.	Worker exposure to toxic substances 
iv.	 Equipment failure 

b.	 Determine Likelihood and Consequence using Table 2 above 
i.	 Chemical spills: Likelihood (3 - Possible), Consequence (4 - Major) 
ii.	 Fire and explosion: Likelihood (2 - Unlikely), Consequence (5 - Catastrophic) 
iii.	Worker exposure: Likelihood (4 - Likely), Consequence (4 - Major) 
iv.	 Equipment failure: Likelihood (3 - Possible), Consequence (4 - Major) 

c.	 Calculate Risk Ratings
i.	 Chemical spills: 3 × 4 = 12 (High) 
ii.	 Fire and explosion: 2 × 5 = 10 (Medium) 
iii.	Worker exposure: 4 × 4 = 16 (High) 
iv.	 Equipment failure: 3 × 4 = 12 (High) 

d.	 Use Risk Assessment Matrix 
i.	 High risks: Chemical spills, Worker exposure, Equipment failure 
ii.	 Medium risk: Fire and explosion 

e.	 Implement Control Measures
i.	 Chemical spills: Spill containment systems, training on spill response, 

regular inspections.
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ii.	 Worker exposure: PPE, proper ventilation, regular health monitoring, 
regular training. 

iii.	Equipment failure: Regular maintenance, real-time monitoring, and proper 
training on equipment use.

iv.	 Fire and explosion: Install fire suppression systems, properly store flammable 
materials, and emergency response plans. 

Activity 2.28 Assessing Electrical and Fire Safety in a Workshop

Objective: To understand how to perform a risk assessment in an electrical and 
fire safety context.

Materials: A case study of a small workshop with electrical equipment and 
potential fire hazards (e.g., faulty electrical equipment, potential to damage 
electrical cables, blocked exits, etc).

Steps

1.	 Discuss the case study with your group and identify possible electrical and 
fire hazards.

2.	 Discuss with your group and rate each hazard based on severity and 
likelihood, then suggest control measures.

3.	 You and your group share your findings with your class and explain your 
proposed electrical and fire safety controls.

Group Discussion: Discuss how both electrical and fire hazards can be 
mitigated in various settings and why an electrical and a fire risk assessment is 
essential for safety.

Questions

a.	 Which hazards did your group prioritise?
b.	 What control measures did you find most effective?
c.	 How can electrical and fire safety awareness benefit a workshop?

Activity 2.29 Identifying and Managing Risks in a School Laboratory

Objective: To practice risk assessment with a focus on laboratory safety.

Materials: Case study featuring a science lab with potential hazards (e.g., 
chemical spills, broken glassware).

Steps

1.	 Form a group with your classmates and assess the lab’s hazards, rating them 
for severity and likelihood.

2.	 You and your group suggest specific control measures for each hazard and 
prioritise which hazards to address first.
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3.	 Prepare a PowerPoint presentation and share it as a group with your class, 
highlighting the top three risks and control measures.

Group Discussion: Discuss common lab hazards (including chemical spills) 
and effective strategies to maintain a safe lab environment.

Questions

a.	 How did you prioritise the risks in the lab?
b.	 What measures did you find critical for lab safety?
c.	 How does assessing lab risks impact everyone’s safety?

Activity 2.30 Evaluating Risk in a Construction Site Scenario

Objective: To understand risk assessment in a high-risk setting like 
construction.

Materials: A case study involving a construction site with various hazards (e.g., 
working at heights, operating heavy machinery).

Steps

1.	 Form a small group with your classmates, review the scenario, identifying 
potential hazards and rating their risk levels.

2.	 Discuss which control measures (e.g., safety harnesses, training) would be 
most effective in your group.

3.	 Develop a poster and present your prioritised risks and the reasoning behind 
your chosen controls.

Group Discussion: Compare control measures and discuss why certain 
hazards require immediate attention.

Questions

a.	 Which hazards did you find most severe, and why?
b.	 What controls would you prioritise to protect workers?
c.	 How does effective risk assessment benefit construction site safety?

Activity 2.31 Assessing Factory Floor Hazards 

Objective: To apply risk assessment to a factory floor workplace.

Materials: A case study of a factory floor with hazards (e.g., heavy machinery, 
moving parts of machinery, wet or oily floors, untidy floors, etc).

Steps

1.	 Form a small group with your classmates, examine the scenario, identify 
hazards, and rate each for severity and likelihood.
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2.	 You and your group should suggest control measures, such as warning signs 
or barriers.

3.	 Also, present how you would address the factory’s hazards to ensure worker 
safety.

Group Discussion: Explore how different factory floor scenarios require 
tailored control measures.

Questions

a.	 What potential risks can be identified from a case study of a factory 
floor where workers frequently move heavy machinery?

b.	 How would you assess the severity and likelihood of a worker injury 
in this scenario?

Activity 2.32 Assessing Environmental Hazards at a Recreational Park

Objective: To apply risk assessment in an outdoor, public environment.

Materials: A case study of a recreational park with hazards (e.g., slippery paths, 
uneven terrain).

Steps

1.	 Form a small group with your classmates, examine the scenario, identify 
hazards, and rate each for severity and likelihood.

2.	 You and your group should suggest control measures, such as warning signs 
or barriers.

3.	 Also, present how you would address the park’s hazards to ensure visitor 
safety.

Group Discussion: Explore how different environments require tailored 
control measures.

Questions

a.	 What risks did you find most concerning in this setting?
b.	 How could these hazards impact park visitors?
c.	 How does the setting influence the type of control measures needed?

Activity 2.33 Performing a Risk Assessment for a Music Festival Event

Objective: To perform a risk assessment in a large event setting.

Materials: A music festival case study with hazards like overcrowding, loud 
noise, and weather risks.

Steps

1.	 Form a small group with your classmates and review the case study, 
identifying risks associated with the event.
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2.	 Also discuss potential control measures, such as crowd control or noise-
cancelling zones, and prioritise which controls are essential.

3.	 You and your group prepare and share your top three risks and the control 
measures you would implement.

Group Discussion: Discuss the complexities of managing risk in public events 
and how effective planning can prevent incidents.

Questions
a.	 How did you decide on the most critical risks for the event?
b.	 What control measures would you prioritise, and why?
c.	 How does assessing risks contribute to a safe and enjoyable event?

Additional Reading Materials 
1.	 Occupational Health and Safety Management: A Practical Approach for Developing 

Countries” by D.K. Asante-Darko.
2.	 “Engineering Safety and Risk Management in Ghana” by Kwasi Adu-Gyamfi
3.	 “Health, Safety, and Environmental Management in Africa”, edited by Nelson Jomo 

Nyaaba and Isaac Asante
4.	 Hacker, M, Barden, B., Living with Technology, 2nd edition. 

Albany NY: Delmar Publishers, 1993.
5.	 (PDF) Action Research as ‘Systematic Investigation of 

Experience’. Available from: https://www.researchgate.net/
publication/315468164_Action_Research_as_’Systematic_
Investigation_of_Experience’

https://www.researchgate.net/publication/315468164_Action_Research_as_'Systematic_Investigation_of_Experience'
https://www.researchgate.net/publication/315468164_Action_Research_as_'Systematic_Investigation_of_Experience'
https://www.researchgate.net/publication/315468164_Action_Research_as_'Systematic_Investigation_of_Experience'
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Review Questions 

1.	 What is the primary purpose of conducting a risk assessment in a workplace 
setting?

2.	 List the main steps involved in a typical risk assessment process.

3.	 How does conducting a risk assessment contribute to workplace productivity?

4.	 What is a Qualitative Risk Assessment, and when is it typically used?

5.	 How does a Quantitative Risk Assessment differ from a Qualitative Risk 
Assessment?

6.	 What is a Dynamic Risk Assessment, and in what scenarios might it be 
applied?

7.	 What is the first step in the risk assessment procedure, and why is it 
important?

8.	 Why is it important to evaluate the likelihood and impact of each identified 
hazard during a risk assessment?

9.	 What is the final step in the risk assessment process, and what does it 
involve?

10.What are control measures, and why are they important in managing 
workplace hazards?

11.Describe the hierarchy of control measures and explain why it is used.

12.Give an example of an engineering control and explain how it helps manage 
hazards.

13.What is a risk assessment matrix, and how is it used in evaluating risks?

14.How can a risk assessment matrix help prioritise hazards in a workplace?

15.In a scenario where a risk has a high likelihood but low impact, where would 
it fall on a typical risk assessment matrix, and what might this imply for 
control measures?

16.How can analysing case studies help understand the risk assessment process?

17.What should be the first step when beginning a risk assessment based on a 
case study scenario?

18.In a case study where multiple risks are identified, what approach should be 
taken to prioritise them?
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ENGINEERING PRACTICE
Ethics and Professional Practice

Introduction
Professionalism in engineering means acting ethically, responsibly, and competently 
always and in all circumstances. This section continues our focus on ethics and 
professional practice, exploring how engineers earn trust and respect from their 
peers, clients, and the public. You will learn about the relevance of acting to benefit 
individuals, organisations, and society. In a successful engineering workplace, integrity, 
respect, and excellence are key. Through this section, you will understand the ethical 
behaviours engineers must demonstrate, including technical skills, interpersonal 
abilities, and professionalism, which come from education, training, and hands-on 
experience. Finally, you will learn about the serious consequences that can arise from 
unprofessional behaviour.

Key Ideas 

•	 Professionalism in Engineering practice means that professional engineers prioritise 
safety, integrity, and the public good. They make responsible decisions that protect 
people and the environment and adhere to a recognised code of ethics.

•	 Professional behaviour involves interacting with colleagues, clients, and stakeholders 
courteously and constructively, actively listening, and providing clear, honest feedback, 
which fosters a positive and collaborative work environment.

•	 The benefits of professional behaviour are realised when individuals consistently 
demonstrate integrity, respect, and reliability; they earn the confidence of colleagues, 
clients, and supervisors, leading to stronger professional relationships and more 
opportunities for career advancement.

•	 The characteristics of an ethical and professional workplace mean that policies, goals, 
and processes are communicated openly, allowing employees to understand the 
reasoning behind decisions and fostering trust, accountability, and a culture of integrity.

•	 A desired attribute of an engineer can be developed through hands-on experience, 
engaging in complex projects, and practising analytical thinking by breaking down 
real-world problems and designing practical solutions, often supported by continuous 
learning and feedback from mentors or peers.

•	 Unprofessional behaviour can lead to loss of trust from colleagues, clients, and 
supervisors, potentially resulting in missed career opportunities, strained relationships, 
and even disciplinary action.
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PROFESSIONALISM IN ENGINEERING PRACTICE
Professionalism in Engineering
Professionalism in engineering practice encompasses a range of behaviours and 
attitudes expected from engineers to ensure they conduct themselves ethically, 
responsibly, and competently. This includes technical competency, commitment to 
ethical practices, accountability, and societal responsibility. Professionalism ensures 
that engineers maintain the public’s trust, prioritise safety, and adhere to industry 
standards and regulations. Here are some key aspects: 

1.	 Ethical Conduct
Ethical conduct is the practice of acting with integrity, honesty, fairness, and 
respect, adhering to moral principles and standards of behaviour in both personal 
and professional contexts. In any profession, ethical conduct guides individuals in 
making responsible decisions that prioritise trust, accountability, and the welfare 
of others. It is especially critical in engineering, where professionals’ actions can 
have significant social impacts.

a.	 Integrity: This involves engineers acting honestly and transparently in all 
actions and staying true to their values and commitments even when faced with 
challenges or potential gains from dishonest behaviour.

b.	 Confidentiality: Protecting sensitive information from unauthorised access or 
disclosure, maintaining privacy and trust in professional relationships, such as 
with clients, patients, or colleagues.

c.	 Public Safety: This is making decisions that contribute to the well-being of society, 
especially when work impacts public health, safety, and the environment.

2.	 Competence
This is the ability to perform tasks and responsibilities effectively, applying the 
necessary skills, knowledge, and judgment to meet or exceed expected standards. It 
is essential across all professions, as it ensures that individuals can fulfil their roles 
reliably, efficiently, and with a high level of quality.

a.	 Continuous Learning: This involves taking all the necessary steps to stay updated 
with new technology and industry standards by committing to lifelong learning 
and improving skills and knowledge.

b.	 Qualification: This implies taking on only tasks they are adequately trained, 
educated, or experienced to handle.

3.	 Accountability
This refers to the responsibility of engineers to ensure their actions, decisions, and 
outcomes are aligned with ethical standards, legal requirements, and professional 
expectations. It encompasses the obligation to report on performance, accept 
responsibility for mistakes, and maintain transparency in all aspects of work. This 
principle is critical in engineering due to the potential consequences of engineering 
decisions on public safety, environmental sustainability, and societal welfare.
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a.	 Responsibility: Engineers must acknowledge and own their decisions and the 
impacts those decisions have on projects, stakeholders, and the public. This 
includes ensuring compliance with regulations and standards.

4.	 Transparency
Openly sharing information, progress, and challenges is vital. Engineers should 
communicate effectively with team members, clients, and the public, ensuring 
everyone is informed about the status and implications of projects.

To promote accountability within engineering teams and organisations, it is 
essential to:
i.	 Establish clear expectations and responsibilities.
ii.	 Create an environment where open communication is encouraged.
iii.	 Implement training programs focused on ethical decision-making and risk 

management.
iv.	 Encourage a culture of transparency and honesty, where individuals feel 

safe to admit mistakes and learn from them.

5.	 Respect and Fairness
These fundamental engineering principles promote a positive and inclusive 
professional environment. These values foster collaboration, innovation, and 
ethical behaviour, ensuring that all individuals are treated equitably and with 
dignity, regardless of their background or position.

a.	 Respect for Others: It involves recognising everyone’s inherent worth and 
dignity, regardless of their background, beliefs, or opinions. Treating colleagues, 
clients, and the public with respect and consideration. 

b.	 Non-Discrimination: It is a critical aspect of social justice and human rights, 
promoting the idea that everyone deserves equal access to opportunities, 
resources, and protections without prejudice or bias. Acting without bias or 
discrimination and promoting diversity and inclusion within the workplace 
and the profession. 

6.	 Professional Development
This refers to the continuous process of acquiring new skills, knowledge, and 
experiences that enhance an engineer’s capabilities and career prospects. It 
encompasses formal and informal learning opportunities to keep professionals 
updated on industry trends, technologies, and best practices. In a rapidly evolving 
field like engineering, ongoing professional development is essential for maintaining 
competence, advancing careers, and contributing effectively.

a.	 Mentorship: Seeking mentorship from experienced professionals can provide 
valuable insights, guidance, and support in navigating career paths and 
overcoming challenges in the field. 
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b.	 Professional Organisations: Obtaining certifications from recognised organisa-
tions (e.g., Professional Engineer (PE), such as Ghana Institution of Engineer-
ing (GHiE) and Institute of Engineering Technology (IET)) can enhance credi-
bility and demonstrate expertise in a particular field. 

7.	 Regulatory Compliance
This refers to adhering to laws, regulations, standards, and guidelines set by gov-
ernment bodies, industry organisations, and professional associations. Compliance 
ensures that engineering practices prioritise public safety, environmental sustain-
ability, and ethical responsibility. It involves understanding and implementing 
the requirements that govern engineering activities and ensuring that all projects, 
products, and processes meet the established standards.

a.	 Adherence to Laws: It refers to the commitment of individuals, organisations, 
and institutions to follow and comply with the legal frameworks established by 
governing bodies. It means complying with all relevant laws, regulations, and 
standards that govern engineering practice. 

b.	 Professional Licensure: It is a formal credentialing process that allows individuals 
to practice in certain professions, ensuring they meet specific standards of 
education, training, and competency. This process is crucial in fields such as 
engineering, which significantly impacts public safety, health, and welfare. 
Maintaining any required professional licensure and adhering to the associated 
codes of conduct and continuing education requirements.

Importance of Professionalism in Engineering
1.	 Trust and Credibility: Professionalism helps build trust with the public, clients, 

and colleagues by demonstrating reliability and ethical behaviour.

2.	 Quality and Safety: Following standards and ethical guidelines ensures that 
engineering solutions are safe, effective, and sustainable.

3.	 Legal Compliance: Professionalism helps engineers navigate legal obligations 
and reduces the risk of lawsuits, financial losses, and reputational damage.

4.	 Environmental Responsibility: By prioritising sustainability, professional engi-
neers contribute positively to environmental protection, which is critical in today’s 
world.

5.	 Professional Growth: A commitment to professionalism drives career development 
as engineers gain recognition, respect, and opportunities for advancement through 
their integrity and expertise.
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Activity 3.1 Case Study on Ethical Dilemmas

Objective: To analyse ethical dilemmas engineers face and discuss the 
importance of ethical decision-making.

Materials Needed

•	 Case studies of real-world engineering ethical dilemmas (e.g., bridge 
collapse, environmental issues)

•	 Whiteboard and markers
•	 Paper and pens for notetaking

Steps

1.	 Form a small group with your classmates and select a unique case study.
2.	 You and your group read the case study and identify the ethical dilemmas.
3.	 Discuss the implications of the engineers’ decisions and the potential impact 

on public safety and trust.
4.	 Prepare a poster on your findings and present it to your class.

Discussion Questions

a.	 What ethical principles were at stake in your case study?
b.	 How could the engineers have approached the situation differently?
c.	 What role does professionalism play in ethical decision-making?
d.	 What is the impact on public trust from ethical decision-making?
e.	 Why is integrity important in engineering practice, and how should 

engineers demonstrate it?

Activity 3.2 Engineering Code of Ethics Workshop

Objective: To familiarise students with engineering codes of ethics and their 
application in professional scenarios.

Materials Needed

•	 Copies of various engineering codes of ethics (e.g., ASCE, IEEE)
•	 Whiteboard and markers
•	 Scenario cards with different engineering situations

Steps

1.	 Research professional codes of ethics in engineering and prepare a one-page 
note of your findings.

2.	 Form a small group with your classmates and discuss your findings on the 
engineering code of ethics.

3.	 List different engineering scenarios on cards (e.g., conflict of interest, safety 
violations).
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4.	 Further discuss how your code of ethics applies to each scenario and what 
actions should be taken.

Discussion Questions
a.	 What common themes did you find in the various codes of ethics?
b.	 How do these codes guide engineers in their decision-making?
c.	 Why is it important for engineers to adhere to a code of ethics?

Activity 3.3 Role-Playing Professional Interactions

Objective: To practice professionalism and communication skills in 
engineering contexts.

Materials Needed
•	 Pick a role-playing scenario (e.g., presenting a project to a client or 

discussing safety concerns with a team)
•	 Props (optional) to enhance role-playing.
•	 Evaluation sheets for peer feedback

Steps
1.	 Select a role-playing scenario from your teacher related to engineering 

professionalism.
2.	 Form a small group with your classmates and let each member select a 

different role from your scenario (engineer, client, supervisor).
3.	 You and your group members should perform the scenario before the class, 

focusing on professionalism and effective communication.
4.	 Classmates provide constructive feedback based on professionalism criteria 

after each performance.

Discussion Questions
a.	 What challenges did you face in your role-play?
b.	 How did effective communication impact the outcome of your 

scenario?
c.	 In what ways did professionalism influence your interactions?

Activity 3.4 Team Project: Engineering Solution

Objective: To develop teamwork and professionalism while working on a 
practical engineering project.

Materials Needed
•	 Project guidelines (e.g., design a sustainable structure, solve a 

community problem)
•	 Access to research materials (internet, textbooks)
•	 Presentation tools (poster boards, presentation software)
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Steps

1.	 Form a team with your classmates and select a team project topic.
2.	 Your team research your topic, brainstorms solutions, and develops a project 

plan.
3.	 Emphasise the importance of roles, responsibilities, and professional 

behaviour within teams.
4.	 Present your project to the class, highlighting your approach and 

professionalism.

Discussion Questions
a.	 How did teamwork contribute to your project’s success?
b.	 What challenges did you encounter in your group, and how did you 

address them?
c.	 Why is professionalism important in collaborative engineering 

projects?
d.	 How will respecting diversity and inclusion contribute to 

professionalism in engineering?

Activity 3.5 Discussion on the Impact of Engineering Decisions

Objective: To reflect on how engineering decisions affect society and the 
importance of responsible engineering.

Materials Needed
•	 Articles or videos about engineering projects with significant societal 

impacts (e.g., infrastructure projects, environmental engineering)
•	 Discussion prompts
•	 Whiteboard and markers for summarising points

Steps
1.	 Read an article or watch a video about engineering projects with significant 

societal implications.
2.	 Hold a class discussion on engineers’ ethical and professional 

responsibilities in these situations.
3.	 Endeavour to share your opinions on how engineers can balance innovation 

with social responsibility.

Discussion Questions
a.	 What responsibilities do engineers have to society?
b.	 How can engineers ensure their projects are sustainable and ethical?
c.	 In what ways can engineering professionals advocate for responsible 

practices?
d.	 How does continuous professional development contribute to an 

engineer’s career?



75

PROFESSIONAL ETHICSSECTION 3

PROFESSIONAL BEHAVIOUR IN ENGINEERING
Professional behaviour encompasses the conduct, ethics, and attitudes engineers must 
uphold in their professional practice. It is essential for maintaining the integrity of 
the engineering profession, ensuring public safety, and fostering trust among clients, 
colleagues, and society. Here are some critical elements of professional behaviour in 
engineering.

1.	 Integrity and Honesty
Integrity in engineering refers to the commitment to ethical standards and principles, 
ensuring that engineers act consistently and responsibly in their professional 
conduct. This includes adhering to laws, regulations, and industry standards. 
Honesty involves providing truthful and accurate information in all aspects of 
engineering work. This includes honest reporting of data, accurate representation 
of designs, and truthful communication with clients and stakeholders. These values 
are essential for individual engineers and the profession, as they significantly impact 
public safety, trust, and the credibility of engineering practices. They involve,

a.	 Truthfulness: Truthfulness in engineering refers to the commitment to providing 
accurate and honest information, ensuring that all communications reflect 
reality and integrity. This includes not only what is stated but also the context 
and completeness of the information provided. 

b.	 Ethical Decisions: It refers to the choices made by engineers that align with 
ethical principles and standards. These decisions can significantly impact 
public safety, the environment, and the integrity of the engineering profession. 
Given the complex nature of engineering work, ethical dilemmas often arise, 
requiring engineers to navigate various factors, including technical feasibility, 
economic considerations, social implications, and legal requirements.

2.	 Accountability and Responsibility
Accountability refers to the obligation of engineers to accept responsibility for 
their actions and decisions. It involves being answerable to stakeholders, including 
clients, employers, the public, and regulatory bodies, for the outcomes of their 
work. Responsibility encompasses engineers’ duties and obligations towards 
their projects, colleagues, and the public. This includes ensuring that engineering 
practices are safe, ethical, and compliant with relevant standards and regulations. 
They involve,

a.	 Ownership of Work: It refers to the commitment of engineers to take full 
responsibility for the projects, decisions, and outcomes they are involved in. This 
principle encompasses various aspects of an engineer’s professional practice, 
including accountability, diligence, ethical conduct, and the commitment to 
producing high-quality work. 

b.	 Dependability: It refers to the ability of an engineer to be reliable, trustworthy, 
and consistent in their work and decision-making processes. This characteristic 
is crucial for engineers, as their designs and decisions often have significant 
implications for public safety, project success, and overall engineering integrity.
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3.	 Respect and Fair Treatment:
These values foster a collaborative and inclusive work environment, enhance 
communication, and ensure everyone is valued and heard. They involve,

a.	 Collegial Respect: Treat colleagues, clients, and all stakeholders respectfully 
and courteously, valuing their contributions and perspectives. 

b.	 Non-Discrimination: Foster an inclusive work environment by avoiding 
discrimination based on race, gender, age, religion, or other personal 
characteristics. 

4.	 Confidentiality and Privacy
They are critical concepts that play a vital role in ensuring the integrity of 
engineering practices and protecting sensitive information. Engineers often work 
with proprietary data, personal information, and sensitive project details that must 
be safeguarded against unauthorised access and disclosure. They involve,

a.	 Sensitive Information: It refers to data that must be protected from unauthorised 
access and disclosure due to its proprietary, confidential, or personal nature. This 
information is crucial for maintaining competitive advantage, ensuring public 
safety, and upholding ethical standards within the engineering profession.

b.	 Data Security: This refers to the measures and practices implemented to protect 
sensitive information generated, stored, and transmitted during engineering 
processes. With the increasing reliance on digital technologies and data-driven 
solutions, ensuring data security has become a critical concern for engineers 
and engineering organisations.

5.	 Communication and Collaboration
These are vital components of successful engineering practice, enabling teams to 
work effectively towards shared goals and navigate complex projects. Both elements 
are interdependent, as clear communication fosters collaboration and teamwork, 
while effective partnership enhances the quality and clarity of communication. 
They involve,

a.	 Clear Communication: This is vital for the successful execution of projects, 
collaboration among team members, and effective interaction with stakeholders. 
It encompasses the ability to convey information accurately and understandably, 
whether in written, verbal, or visual formats.

b.	 Teamwork: This is a critical element for successfully executing engineering 
projects. It involves collaboration among diverse professionals, including 
engineers, designers, project managers, and technicians, to achieve common 
goals. Effective teamwork enhances creativity, improves problem-solving, and 
ensures that projects are completed on time and within budget.
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6.	 Professional Competence and Development
Professional competence refers to the ability of engineers to apply their knowledge, 
skills, and judgment effectively in their work. It encompasses a range of attributes, 
including technical expertise, problem-solving abilities, communication skills, 
ethical standards, and project management capabilities. Competence is essential 
for engineers to perform their roles effectively and contribute positively to projects 
and society. Professional development is the ongoing process of acquiring new 
skills, knowledge, and experiences to enhance an engineer’s competence. They 
include,

a.	 Continuous Improvement: This is the ongoing process of enhancing skills, 
practices, and project outcomes in the engineering field. This approach 
emphasises the need for engineers to constantly seek ways to improve their work, 
learn new technologies, and adapt to changing industry standards. Continuous 
improvement enhances individual and team performance and contributes to 
engineering organisations’ overall success and competitiveness.

b.	 Competence: It encompasses knowledge, skills, abilities, and ethical consider-
ations that enable them to perform their duties and meet professional standards 
effectively. Competence is critical in engineering, as it directly impacts the qual-
ity of work, safety, and overall project success.

7.	 Ethical Practices
Ethical practices in engineering refer to the principles and standards that guide 
the behaviour of engineering professionals in their work and interactions. These 
practices are essential for maintaining integrity, accountability, and trust within the 
engineering profession and with clients, colleagues, and the public. They include,

a.	 Public Welfare: It refers to the responsibility of engineers to prioritise the health, 
safety, and well-being of the public in their work and decision-making processes. 
This principle is fundamental to the engineering profession and underscores 
engineers’ ethical obligations to society. Public welfare encompasses a range 
of considerations, including safety, environmental impact, social equity, and 
overall quality of life.

b.	 Fair Practice: It refers to adherence to fairness, equity, and justice principles in 
engineering activities. It encompasses various aspects, including professional 
conduct, decision-making processes, resource allocation, and the treatment of 
colleagues, clients, and stakeholders. Fair practice is essential for maintaining 
integrity, trust, and respect within the engineering profession and ensuring that 
engineering solutions serve the best interests of society.

8.	 Adherence to Standards and Regulations
This is critical for ensuring safety, quality, and ethical practices within the profession. 
Standards and regulations provide guidelines that help engineers maintain the 
integrity of their work and protect public health and safety. They include,
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a.	 Regulatory Compliance: It refers to the adherence to laws, regulations, standards, 
and guidelines set forth by governmental and industry bodies that govern 
engineering practices. Compliance is essential to ensure safety, environmental 
protection, ethical behaviour, and quality in engineering projects.

b.	 Quality Standards: They refer to the established criteria, specifications, and 
guidelines that define the acceptable level of quality for engineering processes, 
products, and services. These standards are essential for ensuring that 
engineering work meets predetermined performance, safety, reliability, and 
customer satisfaction requirements.

Significance of Professional Behaviour in 
Engineering
1.	 Public Safety: Professional behaviour is critical in ensuring that engineering 

practices prioritise the safety and welfare of the public. This is particularly important 
in civil, structural, and environmental engineering fields.

2.	 Trust and Credibility: Adhering to professional standards builds trust and 
credibility with clients, employers, and the community. This trust is essential for 
successful business relationships and project collaborations.

3.	 Professional Reputation: Engineers who consistently demonstrate professional 
behaviour enhance their reputations and the reputation of the engineering 
profession. This can lead to more opportunities and career advancement.

4.	 Conflict Resolution: Professional behaviour includes the ability to navigate 
conflicts and disagreements constructively. Engineers must handle disputes with 
professionalism to keep productive working relationships.

Activity 3.6 Understanding Professionalism

Objective: Help learners understand and appreciate what it means to behave 
professionally in a workplace.

Materials: Case studies, whiteboard, markers, handouts with professionalism 
traits. 
Steps

1.	 Your teacher will provide you with a case study showing professional and 
unprofessional behaviours.

2.	 Form a small group with your colleagues to analyse the case study.
3.	 Discussion on professional traits identified in the case.

Questions

a.	 What does professionalism mean to you?
b.	 How does professional behaviour impact workplace dynamics?
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Activity 3.7 Ethical Behaviour in Professional Settings

Objective: Discuss why ethical behaviour is essential in a professional setting. 
Materials: Ethical dilemma scenarios, whiteboard, markers. 
Steps

1.	 Your teacher will present an ethical dilemma related to engineering.
2.	 Form two groups to debate: one group supports the ethical choice; the other 

group speaks against the ethical choice.
3.	 Conclude with a discussion of ethical principles in engineering.

Questions

a.	 Why is ethical behaviour important in engineering?
b.	 What are the consequences of unethical decisions in the workplace?

Activity 3.8 Clear Communication as Professional Behaviour

Objective: Explore how clear communication demonstrates professionalism. 
Materials: Role-play scripts, whiteboard. 
Steps

1.	 Select a role-play scenario requiring clear communication.
2.	 Observe and provide feedback on professionalism in communication.
3.	 Discuss key elements of professional communication.

Questions

a.	 How does clear communication reflect professionalism?
b.	 What are the barriers to effective communication in engineering?

Activity 3.9 Demonstrating Respect in the Workplace

Objective: Discuss ways to show respect in professional settings. 
Materials: Videos or stories illustrating workplace respect, discussion prompts. 
Steps

1.	 Your teacher will show a video/story about respect in the workplace.
2.	 Form a small group with your classmates and discuss the video/story.
3.	 Brainstorm respectful behaviours applicable to engineering.

Questions

a.	 How can you show respect to colleagues in a team?
b.	 Why is respect important in maintaining workplace harmony?
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Activity 3.10 Continuous Learning in Engineering

Objective: Emphasise the importance of lifelong learning and professional 
development.

Materials: Guest speaker (optional), internet access, and examples of training 
programs.

Steps

1.	 Your teacher will invite a professional to discuss their journey of continuous 
learning.

2.	 Engage in a think-pair-share activity on the benefits of lifelong learning.
3.	 Share resources for professional development in engineering.

Questions

a.	 Why should engineers engage in continuous learning?
b.	 What resources can help you stay updated in your field?

CHARACTERISTICS OF AN ETHICAL AND 
PROFESSIONAL WORKPLACE
The Benefits of Professional Behaviour 
Professional behaviour in engineering offers numerous benefits that extend to 
individuals, organisations, and society. Professional behaviour in engineering is crucial, 
as it not only fosters a positive working environment but also upholds the integrity and 
reputation of the engineering field. Here are some key benefits.

1.	 Enhanced Reputation and Trust: They are fundamental benefits of professional 
behaviour in engineering, creating a positive impact on both individual engineers 
and their organisations. They include,

a.	 Public Confidence:  In engineering, public confidence reflects society’s trust 
in engineers and engineering firms to prioritise public safety, adhere to ethical 
standards, and provide reliable, high-quality solutions to societal needs.

b.	 Professional Credibility:  In engineering and other technical professions, 
credibility is earned over time through consistent, high-quality performance, 
ethical behaviour, and a commitment to continuous improvement. When an 
engineer is credible, clients, colleagues, and the public trust their knowledge 
and decisions, valuing them as reliable and competent contributors to projects 
and industry standards. 

2.	 Higher Quality of Work: Achieving a higher quality of work in engineering 
is essential for ensuring safety, efficiency, and customer satisfaction in projects 
and products. High-quality engineering work involves precision, reliability, and 
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adherence to industry standards, ultimately leading to successful outcomes and a 
strong reputation for the organisation or professional involved.

a.	 Accuracy and Reliability: Accuracy is about getting the “right” result in 
engineering and science. An accurate result correctly reflects the real-world 
condition or value it aims to measure.  A reliable process yields the same results 
when repeated under similar conditions. In other words, if a process or system 
is reliable, it will consistently produce stable and predictable outcomes.

b.	 Consistency: In engineering, consistency is crucial because it ensures that 
processes, products, and systems perform predictably, meet standards, and 
provide reliable outcomes across multiple instances. 

3.	 Improved Safety and Welfare

a.	 Public Safety: Engineers hold a responsibility to minimise risks and hazards 
in their work, ensuring that structures, systems, and products do not pose 
threats to people or the environment. Public safety is a core principle of ethical 
engineering practice and is often mandated by industry standards, regulations, 
and legal requirements.

b.	 Risk Mitigation:  Effective risk mitigation aims to minimise the likelihood of 
adverse outcomes and their potential impacts on safety, performance, costs, and 
project timelines. By proactively addressing risks, engineers can ensure safer, 
more reliable, and efficient operations.

4.	 Career Advancement and Opportunities

a.	 Professional Growth: It refers to the ongoing process of developing engineering 
skills, knowledge, and expertise. This growth is essential for engineers to stay 
relevant in a rapidly changing industry, adapt to new technologies, and meet 
evolving professional and personal goals. Professional growth encompasses 
various activities, including education, training, mentorship, networking, and 
hands-on experience.

b.	 Networking: Effective networking can open opportunities for collaboration, 
mentorship, knowledge sharing, and career advancement. Given the dynamic 
nature of the engineering industry, professional solid connections are invaluable 
for personal and professional growth.

5.	 Legal and Regulatory Compliance

a.	 Reduced Legal Risks: Reducing legal risks in engineering is essential for 
maintaining a professional reputation, ensuring project success, and protecting 
against potential liabilities.

b.	 Regulatory Adherence: It ensures that projects are conducted safely, sustainably, 
and by established standards. By understanding and complying with relevant 
laws and regulations, engineers can protect public safety, reduce legal risks, and 
enhance the quality of their work.
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6.	 Organisational Benefits

a.	 Reputation Management: A strong reputation is vital for attracting clients, 
securing contracts, and fostering trust in an increasingly competitive and 
interconnected marketplace.

b.	 Efficiency and Productivity: Understanding and improving efficiency and 
productivity can lead to better resource utilisation, cost savings, and enhanced 
project outcomes.

7.	 Ethical and Moral Satisfaction

a.	 Personal Fulfilment:  It contributes to individual well-being and increased 
motivation and performance, benefiting both the engineering profession and 
society.

b.	 Positive Impact: Engineers play a crucial role in shaping the world around 
us through designing, developing, and implementing solutions that address 
various challenges.

8.	 Enhanced Collaboration and Teamwork

a.	 Effective Communication: By developing effective communication skills, 
engineers can convey complex ideas, foster collaborative environments, and 
build trust with clients and stakeholders.

b.	 Mutual Respect: By fostering a culture of respect, organisations can enhance 
communication, improve job satisfaction, and promote ethical practices. 
Engineers who practice mutual respect contribute to a positive work environment 
that benefits their teams and leads to better project outcomes and innovations 
in the field. Prioritising mutual respect creates a solid foundation for a more 
inclusive, productive, and successful engineering profession.

9.	 Innovation and Continuous Improvement: They are vital for staying competitive, 
enhancing efficiency, and addressing the evolving challenges faced in the field.  By 
fostering a culture of innovation and commitment to improvement, engineering 
organisations can drive growth, enhance quality, and respond effectively to market 
demands.

a.	 Commitment to Learning: By embracing continuous education, skill 
development, and knowledge sharing, engineers can adapt to changing 
technologies, enhance their problem-solving abilities, and advance their careers. 
Organisations that foster a culture of learning not only benefit from increased 
innovation and productivity but also create an environment where engineers 
feel valued and empowered to grow.

b.	 Knowledge Sharing: A crucial practice that enhances collaboration, innovation, 
and efficiency within engineering teams and organisations. Effective knowledge 
sharing helps to harness collective intelligence, driving better project outcomes 
and fostering a culture of collaboration.
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Activity 3.11 Case Study Analysis on Successful Engineering Projects

Objective: To analyse real-world engineering projects where professional 
behaviour was key to successful project outcomes.

Materials Needed

•	 Case studies of successful engineering projects (e.g., infrastructure 
developments, innovative designs)

•	 Group discussion questions.

Steps

1.	 Selected case studies to read in a small group.
2.	 Discuss how professional behaviour contributed to the project’s success as a 

group.
3.	 Present your findings, highlighting specific examples of professionalism and 

its benefits.

Discussion Points

a.	 How did professional behaviour influence teamwork and 
communication in the project?

b.	 What lessons can be learned from these examples to apply to future 
engineering endeavours?

c.	 How has professional behaviour impacted the success of the project?

Activity 3.12 Brainstorming Benefits of Teamwork

Objective: Identify how professional behaviour enhances teamwork and 
collaboration. 
Materials: Whiteboard, markers, sticky notes.

Steps

1.	 Engage in a discussion on teamwork challenges and solutions with your 
classmates.

2.	 Brainstorm the benefits of professionalism in teamwork using sticky notes
3.	 Group similar ideas and discuss them.

Questions

a.	 How does professionalism improve team dynamics?
b.	 Can you share a real-life example of effective collaboration?
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Activity 3.13 Group Discussion on Work Culture

Objective: Explore how professionalism fosters a positive work culture.

Materials: Discussion prompts, flipchart.

Steps

1.	 Form a small group with your classmates and select prompts like “What 
does a positive work culture look like?”

2.	 Discuss and list your ideas on a flipchart.
3.	 Share your findings with the class.

Questions

a.	 What professional behaviours support a healthy work culture?
b.	 How does culture affect employee satisfaction?

Activity 3.14 Role-Playing Workplace Scenarios

Objective: Demonstrate the impact of professionalism on projects.

Materials: Scenario cards, feedback forms.

Steps

1.	 Select a role in a workplace scenario involving professionalism.
2.	 Act out and evaluate outcomes based on behaviour.
3.	 Reflect on how professionalism influenced success.

Questions

a.	 How did professionalism contribute to project success?
b.	 What behaviours could improve outcomes?
c.	 Describe why integrity is important in engineering practice and how 

engineers demonstrate it.

Activity 3.15 Debate on Professionalism Benefits

Objective: Critically analyse the importance of professional behaviour for your 
future career.

Materials: Debate topics, timer.

Steps

1.	 Your teacher will organise a debate on “Is professionalism the key to 
workplace success?”

2.	 Form two teams to argue, one team for and the other team against the topic.
3.	 Reflect on key takeaways post-debate.
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Questions

a.	 What were the strongest arguments for professionalism?
b.	 How would you apply these insights?

Discussion Points

a.	 How does professional behaviour contribute to individual career 
success in engineering?

b.	 What specific actions can you take to cultivate professional behaviour 
in your studies and future career?

CHARACTERISTICS OF AN ETHICAL AND 
PROFESSIONAL WORKPLACE
An ethical and professional workplace in engineering is characterised by values, 
behaviours, and practices that promote integrity, accountability, and respect among 
team members. This environment enhances the quality of engineering outcomes 
and ensures that engineers adhere to standards that protect public safety, encourage 
innovation, and build trust. Here are some key characteristics: 

1.	 Commitment to Ethics

a.	 Clear Ethical Guidelines: These provide a foundation for responsible, fair, 
and safe practices across all levels of engineering work. These guidelines help 
engineers navigate complex professional situations, ensure public trust, and 
uphold the reputation of the engineering profession. 

b.	 Ethical Leadership: It promotes a culture of integrity, enhances trust with 
clients and the public, and contributes to safer, more sustainable engineering 
solutions. Such leaders create a positive impact not only on their organisations 
but also on society at large, as they uphold standards that advance the profession 
responsibly and ethically.

2.	 Integrity and Accountability

a.	 Transparency: This fundamental principle promotes openness, honesty, and 
clear communication in engineering work. It is essential for building trust, 
ensuring accountability, and upholding ethical standards within engineering 
teams and with clients, stakeholders, and the public.

b.	 Responsibility: This fundamental principle ensures engineers act with integrity, 
accountability, and a commitment to public safety. As engineering work often 
significantly impacts society, the environment, and human lives, understanding 
and upholding responsibility is crucial. Responsible engineering practice 
fosters trust, promotes safety, and leads to high-quality, sustainable solutions 
that benefit current and future generations. It also creates an ethical and 
supportive work environment, empowering engineers to uphold the values of 
accountability, integrity, and excellence in all they do.
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3.	 Respect and Fair Treatment

a.	 Diversity and Inclusion: These are essential for fostering innovation, improving 
problem-solving, and creating a respectful, collaborative environment. 
Engineering teams can develop more effective, equitable, and creative solutions 
by valuing and supporting individuals from varied backgrounds, experiences, 
and perspectives.

b.	 Respectful Interactions: These are vital for creating a positive, productive, 
and ethical work environment. They foster trust, collaboration, and mutual 
understanding, which lead to more effective teamwork and better project 
outcomes. Respectful interactions involve acknowledging each person’s 
contributions, communicating openly, and valuing diversity.

4.	 Focus on Public Welfare and Safety

a.	 Safety Standards: These are critical guidelines designed to ensure the safety 
and well-being of individuals, protect property, and minimise environmental 
impact. These standards establish best practices, procedures, and protocols 
that engineers must follow to prevent accidents and mitigate risks. Adhering to 
these standards is essential for maintaining public trust, regulatory compliance, 
and the integrity of engineering practices.

b.	 Risk Management: This is a systematic approach to identifying, assessing, and 
mitigating risks associated with projects and processes. By anticipating potential 
hazards and implementing preventive measures, engineers help protect public 
safety, reduce project costs, and ensure the reliability of systems and structures. 
Effective risk management also builds resilience in engineering projects, 
allowing for better adaptability in the face of uncertainties.

5.	 Continuous Professional Development

a.	 Lifelong Learning: This is the continuous, voluntary, and self-motivated pursuit 
of knowledge and skills throughout an engineer’s career. This concept is vital 
in engineering due to the fast pace of technological advancements, evolving 
industry standards, and new regulatory requirements. Engineers who commit 
to lifelong learning are better positioned to adapt to changes, maintain 
competence, and contribute meaningfully to their fields.

b.	 Skill Enhancement: This is an essential process that involves continuous 
learning, professional development, and the acquisition of new competencies 
to stay effective and competitive in the field. Rapid advancements in technology, 
shifting industry standards, and evolving market demands make it crucial for 
engineers to upgrade their skills regularly.

6.	 Quality and Excellence

a.	 Adherence to Standards: This is a critical component of ensuring the quality, 
safety, sustainability, and reliability of engineering projects and products. 
Standards provide guidelines for designing, manufacturing, testing, and 
operating systems that meet established performance, safety, and regulatory 
compliance criteria. They help engineers ensure that their work meets legal, 
technical, and ethical requirements.
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b.	 Commitment to Excellence: This refers to the dedication of engineers to 
consistently deliver high-quality work, adhering to the highest standards of 
performance, safety, sustainability, and innovation in every aspect of their 
profession. This commitment not only focuses on meeting the basic requirements 
of a project but also strives to exceed expectations, pushing the boundaries of 
what’s possible in the engineering field.

7.	 Effective Communication and Collaboration

a.	 Open Dialogue: It refers to fostering an environment of communication and 
exchanging ideas, feedback, and perspectives among engineers, stakeholders, 
and teams. It encourages transparency, inclusivity, and collaboration, helping 
to build trust, resolve conflicts, and promote continuous learning within the 
engineering profession. Open dialogue is essential for successful project 
execution, innovation, and addressing complex technical and non-technical 
challenges.

b.	 Teamwork: It refers to the collaborative effort of individuals with diverse 
skills, knowledge, and perspectives, working together to achieve common 
goals and solve complex problems in a project. Effective teamwork is essential 
in engineering because of the interdisciplinary nature of most engineering 
projects, where tasks require contributions from multiple domains of expertise.

8.	 Fair and Transparent Decision-Making

a.	 Objective Criteria: They refer to measurable, data-driven standards and 
benchmarks used to assess, evaluate, and make decisions about engineering 
projects, designs, processes, and performance. These criteria are based on facts, 
metrics, and specific technical requirements rather than subjective opinions 
or preferences. Objective criteria are essential in engineering to ensure that 
decisions are rational, consistent, reproducible, and aligned with industry 
standards and regulations.

b.	 Employee Involvement: It refers to the active participation of engineers and 
other team members in the decision-making processes, problem-solving, and 
overall development of engineering projects, as well as the organisation’s 
goals. Involving employees in engineering improves project outcomes and 
enhances job satisfaction, innovation, and a sense of ownership over the work. 
It emphasises collaborative approaches where employees contribute ideas, 
feedback, and skills throughout the project lifecycle.

9.	 Supportive and Safe Work Environment

a.	 Work-Life Balance: It refers to the ability of engineers to effectively manage 
their professional responsibilities while maintaining their personal life, health, 
and well-being. Engineering is a demanding profession, often requiring long 
hours, complex problem-solving, and high levels of responsibility. Achieving 
an excellent work-life balance ensures that engineers remain productive and 
satisfied without sacrificing their personal lives or mental health.
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b.	 Safe Workplace: A safe workplace in engineering prioritises the health, safety, 
and well-being of all employees while minimising the risk of accidents, injuries, 
or health issues. In engineering, where complex machinery, construction sites, 
high-voltage systems, and intricate design work are involved, a safe workplace is 
essential for maintaining engineers’ physical safety and mental and emotional 
well-being.

10.	Ethical Business Practices

a.	 Fair Competition: It refers to the ethical and transparent practice of competing 
that adheres to established industry standards, respects legal frameworks, 
and ensures that all stakeholders are treated equitably. In engineering, fair 
competition is not just about the ability to innovate and offer better solutions 
but also about ensuring that engineers and firms operate in an environment 
where the rules are followed, resources are used efficiently, and no unfair 
advantages are taken. This includes adherence to regulatory guidelines, fair 
business practices, and avoiding unethical actions like corruption, bribery, or 
monopolistic behaviours. 

b.	 Sustainable Practices: They involve designing, creating, and maintaining 
systems, products, and infrastructure in a way that meets current needs 
without compromising the ability of future generations to meet their own 
needs. Sustainable engineering considers environmental, social, and economic 
factors to minimise negative impacts on the planet while promoting long-term 
societal benefits. Engineers play a critical role in shaping sustainable solutions 
by integrating green technologies, energy-efficient systems, waste reduction, 
and social responsibility into their projects. 

11.	Compliance with Laws and Regulations 

a.	 Legal Adherence: It refers to the commitment of engineers and engineering 
firms to comply with all applicable laws, regulations, and industry standards that 
govern their work. This encompasses local, national, and international laws that 
affect various aspects of engineering practice, including safety, environmental 
protection, labour rights, intellectual property, and professional conduct. Legal 
adherence ensures that engineering projects are executed responsibly, ethically, 
and in a way that protects the public, the environment, and stakeholders’ 
interests.

b.	 Regulatory Updates: They refer to changes, additions, or revisions to laws, 
regulations, standards, and guidelines that govern engineering practice across 
various disciplines. These updates ensure that engineering practices align 
with evolving technologies, safety standards, environmental protection efforts, 
and societal needs. Regulatory updates can stem from government agencies, 
industry organisations, or professional bodies and may apply to construction, 
environmental protection, energy, safety, labour, intellectual property, etc.
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Activity 3.16 Brainstorming Workplace Characteristics

Objective: Identify characteristics of an ethical and professional workplace.

Materials: Whiteboard, markers, sticky notes.

Steps

1.	 Your teacher will facilitate a class discussion on workplace ethics and 
professionalism.

2.	 Write down characteristics on sticky notes and place them on a board.
3.	 Group similar ideas and discuss them.

Questions

a.	 What are key traits of an ethical workplace?
b.	 How do these traits benefit employees and employers?

Activity 3.17 Case Study on Conflict Resolution

Objective: Understand how ethical workplaces handle conflicts.

Materials: Conflict resolution case studies, discussion guides.

Steps

1.	 Form a small group with your classmate and select a case study from a list 
supplied by your teacher.

2.	 Analyse the case and propose ethical solutions.
3.	 Present your findings to the class.

Questions
a.	 What approaches were effective in resolving conflicts?
b.	 How did ethics influence the solutions?

Activity 3.18 Role-Playing Ethical Leadership

Objective: Explore the importance of ethical leadership.

Materials: Role-play scenarios, feedback forms.

Steps
1.	 Pick a role for a workplace scenario requiring ethical decision-making.
2.	 Act out the scenario and discuss the outcomes.
3.	 Solicit feedback on ethical leadership practices from your class.

Questions

a.	 How did the leader’s actions influence the team?
b.	 What would you do differently?
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Activity 3.19 Transparency in Action

Objective: Discuss the role of transparency in promoting ethics and 
professionalism in the workplace.

Materials: Group discussion prompts, flipchart.

Steps

1.	 Form a small group with your classmates and discuss the importance of 
transparency in building trust.

2.	 list ways transparency can be implemented.
3.	 Share and compare ideas as a class.

Questions

a.	 Why is transparency vital in the workplace?
b.	 How can transparency prevent unethical practices?

Activity 3.20 Think-Pair-Share on Employee Well-Being

Objective: Examine how ethical and professional workplaces support well-
being.

Materials: Well-being prompts, notebooks.

Steps

1.	 Individually brainstorm and think about examples of employee well-being.
2.	 Select a classmate and share your thoughts and ideas with him/her.
3.	 Discuss findings with the class.

Questions

a.	 How do ethics impact employee satisfaction?
b.	 What practices that would support employee well-being stood out to 

you?
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ATTRIBUTES OF AN ENGINEER
Desired Attributes of Engineers and How to 
Develop Them
The desired attributes of engineers are qualities, skills, and behaviours that 
contribute to their professional competence, success, and ability to address complex 
challenges in their respective fields. These attributes are cultivated through education, 
experience, and intentional personal and professional development. Here are some key 
attributes of an engineer and how they can be developed: 

Desired Attributes of an Engineer and How to Develop Them 

1.	 Technical Proficiency 
a.	 Attributes

i.	 Strong Knowledge of Core Engineering Principles
ii.	 Mastery of Engineering Tools and Software
iii.	Analytical and Computational Skills
iv.	 Understanding of Materials and Manufacturing Processes
v.	 Design and Innovation Skills
vi.	Attention to Detail
vii.Knowledge of Industry Standards and Regulations
viii.Project Management and Planning
ix.	Sustainability and Environmental Awareness

b.	 Development 

i.	 Engage in Lifelong Learning: Stay updated on the latest technological 
advancements and methodologies in your field through continuous 
education, whether via formal degrees, online courses, certifications, or 
self-study.

ii.	 Networking and Collaboration: Engage with professional networks and 
attend conferences to learn from industry experts. Collaboration with other 
engineers in interdisciplinary projects can provide exposure to different 
perspectives and deepen technical knowledge.

iii.	Seek Mentorship: Regularly seek guidance from experienced engineers 
who can help you refine your technical skills and provide insights based on 
their experience.

iv.	 Hands-On Experience: Apply theory to practice as often as possible. 
Internships, part-time jobs, research projects, and independent work 
will provide the opportunity to improve technical skills through direct 
experience.
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v.	 Embrace Problem-Solving and Design Challenges: Participate in 
competitions or challenges that force you to think creatively and apply 
technical knowledge in new and innovative ways.

vi.	Use Technical Resources: Regularly consult engineering manuals, 
academic journals, research papers, and online technical resources to stay 
on top of industry developments and best practices.

2.	 Problem-Solving Skills 
a.	 Attributes

i.	 Critical Thinking
ii.	 Creativity and Innovation
iii.	Analytical Skills
iv.	 Decision-Making Skills
v.	 Attention to Detail
vi.	Systematic Approach
vii.Collaboration and Teamwork
viii.Resilience and Adaptability
ix.	Practical Implementation

b.	 Development
i.	 Engage in Continuous Learning: Stay updated with the latest engineering 

theories, tools, and methodologies through workshops, webinars, online 
courses, or technical journals.

ii.	 Solve Diverse Problems: Take on various problems that challenge your 
existing knowledge. Work on projects involving different engineering 
problems (e.g., design, analysis, testing) to expand your skill set.

iii.	Seek Feedback: Regularly seek feedback from mentors, peers, or colleagues 
about your approach to problem-solving. Constructive criticism can help 
you improve your methods.

iv.	 Simulation and Testing: Engage in simulation software or modelling 
tools to test out solutions before applying them in real-world scenarios. This 
allows you to explore different solutions safely and efficiently.

v.	 Learn from Case Studies: Review case studies of real engineering problems 
and their solutions. Understand what worked well, what could have been 
done differently, and how to apply these lessons to future problems.

vi.	Develop a Structured Approach: Use structured problem-solving 
techniques (e.g., Root Cause Analysis, Failure Mode and Effect Analysis 
(FMEA)) to guide your process and ensure thorough investigation.
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3.	 Communication Abilities 
a.	 Attributes

i.	 Clear and Concise Writing
ii.	 Active Listening
iii.	Technical Presentation Skills
iv.	 Verbal Communication
v.	 Non-Verbal Communication
vi.	 Interpersonal Communication
vii.	Collaboration and Team Communication
viii.Persuasion and Negotiation
ix.	 Cultural Sensitivity in Communication
x.	 Ability to Communicate Complex Ideas to Non-Technical Audiences

b.	 Development

i.	 Continuous Practice: Regularly engage in activities that challenge 
your communication skills, such as giving presentations, writing reports, 
or participating in group discussions. The more you practice, the more 
confident and proficient you will become.

ii.	 Seek Feedback: Seek feedback from peers, mentors, or supervisors on your 
communication style. Feedback helps you identify areas for improvement 
and refine your skills.

iii.	Join Professional Organisations: Becoming a member of professional 
engineering organisations (such as GhIE, ASCE, IEEE, or similar) can 
provide opportunities to interact with others in the field, attend workshops, 
and participate in networking events, enhancing communication skills.

iv.	 Participate in Workshops and Training: Attend communication 
workshops focusing on specific skills, such as technical writing, public 
speaking, or cross-cultural communication.

v.	 Use Communication Technology: Get comfortable with digital 
communication tools like video conferencing platforms, collaborative tools 
(e.g., Slack, Teams), and cloud storage to facilitate communication in virtual 
and remote work environments.

vi.	Engage in Cross-Disciplinary Work: Work on projects that involve 
individuals from various disciplines. This will help you practice 
communicating with people with different technical backgrounds or ways 
of thinking.
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4.	 Ethical Behaviour 
a.	 Attributes

i.	  Integrity
ii.	 Accountability
iii.	Fairness
iv.	 Respect for Intellectual Property
v.	 Commitment to Safety
vi.	 Environmental Responsibility
vii.	Confidentiality and Trustworthiness
viii.Continuous Professional Development
ix.	 Respect for Human Rights
x.	 Professional Integrity in Financial and Legal Matters

b.	 Development 

i.	 Familiarise Yourself with Codes of Ethics: Study and adhere to the 
codes of ethics established by professional engineering organisations such 
as the Ghana Institution of Engineering (GHiE). These codes outline the 
ethical principles that guide the profession.

ii.	 Seek Ethical Guidance from Mentors: Engage with senior engineers 
or mentors who can offer advice on handling ethical dilemmas in the 
workplace. Learn from their experiences and apply those lessons in your 
career.

iii.	Participate in Ethical Workshops and Training: Attend workshops or 
seminars on ethics in engineering, which often address common ethical 
challenges and offer strategies for making sound ethical decisions.

iv.	 Develop a Strong Ethical Foundation: Reflect on your values and how 
they align with your professional responsibilities. Develop a strong sense 
of moral integrity and responsibility to guide your decision-making in all 
professional contexts.

v.	 Encourage Ethical Culture in Teams: Create an environment where 
ethical behaviour is promoted and valued. Encourage colleagues to speak 
up when they observe unethical practices and foster a culture of openness 
and accountability.

vi.	Understand the Broader Impact of Your Work: Always consider your 
engineering projects’ societal, environmental, and long-term impacts. 
Ethical engineers weigh the consequences of their decisions on public 
safety, environmental sustainability, and human welfare.
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5.	 Teamwork and Collaboration 
a.	 Attributes

i.	 Communication Skills
ii.	 Conflict Resolution
iii.	Trust-Building
iv.	 Adaptability and Flexibility
v.	 Problem-Solving as a Team
vi.	 Respect and Appreciation for Diverse Perspectives
vii.	Accountability and Reliability
viii.Emotional Intelligence

b.	 Development 

i.	 Participate in Cross-Disciplinary Projects: Gain experience working with 
professionals from different backgrounds or departments. This exposure 
helps improve your ability to communicate across disciplines and fosters a 
broader understanding of how diverse skills contribute to a project’s success.

ii.	 Practice Active Listening: Listen attentively during meetings, presentations, 
and discussions. Give people space to express their ideas and avoid 
interrupting. Show that you value their contributions by paraphrasing and 
asking follow-up questions to deepen your understanding.

iii.	Build Trust and Transparency: Be reliable in delivering on promises and 
transparent about your progress and challenges. Consistently meeting 
deadlines and being honest about potential roadblocks builds trust and 
strengthens your credibility within the team.

iv.	 Engage in Team-Building Activities: Participate in or organise team-
building activities outside work, such as group problem-solving exercises, 
workshops, or social events. These activities foster camaraderie, improve 
interpersonal relationships, and enhance team cohesion.

v.	 Develop Conflict Resolution Skills: Practice conflict resolution by addressing 
disagreements early and focusing on finding mutually beneficial solutions. 
Use active listening, compromise, and mediation techniques to resolve 
conflicts without escalating tensions.

vi.	 Seek and Offer Feedback: Provide constructive feedback to team members 
in a positive and supportive manner. Likewise, actively seek feedback 
about your own performance. Regular feedback helps identify areas for 
improvement and reinforces positive behaviour.

vii.Encourage Open Communication: Foster an open, non-judgmental 
environment where team members feel comfortable sharing ideas, 
concerns, and suggestions. Encourage open dialogue by asking for input 
and acknowledging everyone’s contributions.

viii.Collaborate in Problem-Solving Sessions: Engage in brainstorming and 
problem-solving sessions where the team collaborates to solve challenges. 
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Practice providing ideas while building on others’ suggestions to promote 
creative solutions.

ix.	 Develop Emotional Intelligence: Improve your self-awareness and emotional 
regulation. Recognise how your emotions affect interactions with others and 
practice responding in a way that maintains positive relationships. Empathy 
for colleagues also helps create a supportive work environment.

x.	 Promote Inclusivity: Actively encourage participation from all team 
members, ensuring that diverse perspectives are valued. Be mindful of 
quieter team members and allow everyone to share their insights or ideas.

xi.	 Be Willing to Compromise: Collaboration often involves negotiating 
different perspectives and finding a middle ground. Practice compromising 
by recognising when to adjust your position for the greater good of the 
project and the team.

xii.Work on Accountability and Time Management: Take ownership of your 
tasks and responsibilities. Practice effective time management by breaking 
tasks into smaller steps, setting realistic deadlines, and prioritising work to 
meet collective project goals.

xiii.Mentor and Share Knowledge: Share your expertise with others through 
formal mentoring or informal knowledge sharing. Help junior engineers 
or colleagues who need guidance, fostering a collaborative environment of 
mutual support and learning.

xiv.Leverage Technology for Collaboration: Use collaborative tools like 
Slack, Microsoft Teams, or project management software to streamline 
communication and document sharing within the team. Leveraging 
technology makes remote collaboration easier and more efficient.

xv.	Celebrate Team Successes: Acknowledge and celebrate the team’s 
accomplishments, both large and small. Publicly recognising individual 
and team achievements helps maintain morale, reinforce collaboration, and 
encourage a positive team culture.

6.	 Adaptability and Lifelong Learning 
a.	 Attributes

i.	 Openness to Change
ii.	 Curiosity and a Growth Mindset
iii.	Resilience in the Face of Setbacks
iv.	 Proactive Learning
v.	 Willingness to Experiment and Innovate
vi.	 Flexibility in Problem-Solving
vii.	Comfort with Ambiguity
viii.Self-Directed Learning
ix.	 Collaborative Learning
x.	 Technological Proficiency
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b.	 Development 

i.	 Pursue Continuing Education: Enrol in advanced degrees, certifications, or 
professional development courses to gain specialised knowledge and keep 
your skills updated. Take advantage of online platforms like Coursera, edX, 
or LinkedIn Learning to learn about new tools, technologies, or emerging 
trends in engineering.

ii.	 Cultivate a Growth Mindset: Rather than fearing failure, see it as an 
opportunity to develop new skills and improve. Actively seek out new 
knowledge by reading books, research papers, and technical articles 
related to your field. Viewing problems as puzzles to be solved encourages 
continuous growth.

iii.	Engage in Cross-Disciplinary Learning: Expand your expertise beyond 
your engineering area. For example, a civil engineer might learn about 
data analytics, and a software engineer could explore hardware design. 
Understanding multiple disciplines can foster innovative solutions and 
increase adaptability.

iv.	 Stay Current with Industry Trends: Follow relevant journals, blogs, and 
news sources to keep up with advancements in engineering technology and 
practices. Attend industry conferences, webinars, or workshops to learn 
from peers and thought leaders. Subscribe to industry newsletters and 
participate in forums or online communities to stay connected to the latest 
developments.

v.	 Develop Resilience and Stress Management: Practice mindfulness or 
meditation to improve emotional resilience and focus on high-pressure 
situations. Embrace challenges as part of the learning process, and develop 
strategies to cope with stress, setbacks, or ambiguity in your work.

vi.	 Learn Through Experimentation: Do not be afraid to experiment with new 
tools, techniques, or technologies. Trying something new and testing it out 
allows you to learn through hands-on experience and reinforces problem-
solving skills. Engage in projects or hobby-based learning to experiment 
with new concepts in a less formal environment.

vii.Seek Mentorship and Collaboration: Find mentors who can guide your 
development and provide feedback on your progress. Engaging with 
experienced professionals helps you navigate new challenges and opens 
growth opportunities. Collaborate with colleagues in multidisciplinary 
teams, where you can learn from each other’s expertise and expand your 
understanding of the broader field.

viii.Embrace Technological Advancements: Learn New Software Tools: Stay 
updated with new engineering software or tools that can help streamline 
your work, improve precision, and enhance productivity. Stay Adaptable to 
New Technologies: Be willing to adopt emerging technologies like artificial 
intelligence, machine learning, or automation that may affect your field.

ix.	 Reflect on Your Experiences: Regularly assess your personal and professional 
growth. Reflect on projects, tasks, or challenges you have faced, what you 
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have learned, and how you have adapted. Documenting lessons learned 
from each project helps you internalise knowledge and identify areas for 
further development.

7.	 Attention to Detail 
a.	 Attributes

i.	 Precision in Calculations and Measurements
ii.	 Thoroughness in Testing and Quality Assurance
iii.	Documentation Accuracy
iv.	 Problem-Solving with a Focus on Root Causes
v.	 Consistency in Following Standards and Protocols
vi.	 Analytical Observation

b.	 Development

i.	 Regularly Review and Double-Check Work: Double-check calculations, 
measurements, and designs. Reviewing work helps identify minor mistakes 
before they become significant issues.

ii.	 Use Precision Tools and Software: Utilise engineering software and tools 
for precise measurements, simulations, and calculations. Tools like CAD 
software and finite element analysis (FEA) can help maintain accuracy in 
designs and specifications.

iii.	Develop a Systematic Approach to Testing: Establish systematic testing 
procedures that include detailed test plans, checklists, and protocols. This 
approach ensures consistency and thoroughness in identifying potential 
design flaws or system weaknesses.

iv.	 Engage in Hands-On Projects: Working on practical projects or simulations 
helps sharpen observational skills and attention to detail in real-world 
scenarios. Building, testing, and troubleshooting prototypes enhance focus 
on detail-oriented aspects of design and assembly.

v.	 Break Down Complex Problems into Components: When troubleshooting 
or designing, break down problems into smaller parts, analysing each in-
dividually. This approach helps address underlying issues and ensures that 
each part functions correctly.

vi.	 Implement a Consistent Quality Control Process: Regularly incorporate 
quality control checks in your workflow, ensuring adherence to standards 
and protocols. Document results and learnings to create a feedback loop for 
continuous improvement.

vii.Set Personal Standards for Quality and Accuracy: Create personal 
benchmarks for quality and strive to exceed them consistently. Setting a 
high bar for quality encourages engineers to take pride in their work and 
focus on the smallest details.

viii.Seek Mentorship and Constructive Feedback: Regularly seek feedback 
from peers or mentors on your attention to detail. Constructive input can 
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highlight areas for improvement, providing practical advice for enhancing 
focus and precision.

ix.	 Work on Patience and Discipline: Engineering tasks often require patience 
and discipline to complete meticulous checks and tests. Practice taking your 
time with each task, particularly when performing quality checks, rather 
than rushing to finish.

x.	 Learn and Follow Industry Standards Closely: Become familiar with the 
specific standards in your field (such as ASME, IEEE, or ISO) and understand 
why these standards exist. Following established guidelines closely ensures 
safety, compliance, and quality.

xi.	 Practice Self-Awareness and Continuous Improvement: Reflect on past 
projects to identify any mistakes or missed details and analyse why they 
happened. Developing self-awareness can help avoid similar errors in the 
future and foster a mindset of continuous improvement.

8.	 Innovation and Creativity 
a.	 Attributes

i.	 Curiosity and Openness to New Ideas
ii.	 Problem-Solving Mindset
iii.	Adaptability and Flexibility
iv.	 Risk-Taking and Willingness to Experiment
v.	 Ability to Connect Concepts Across Domains
vi.	 Vision for the Future
vii.	Resilience and Perseverance
viii.Collaborative Spirit

b.	 Development 

i.	 Encourage Open-Ended Problem Solving: Provide challenges that don’t 
have a single “correct” answer, allowing engineers to explore multiple 
approaches and develop unique solutions.

ii.	 Foster a Culture of Experimentation: Encourage engineers to test ideas, 
take calculated risks, and learn from failures. A culture where innovation is 
celebrated (and failures are seen as learning opportunities) helps engineers 
push boundaries.

iii.	Cross-Disciplinary Collaboration: Enable collaboration across different 
engineering disciplines and departments. Exposure to diverse perspectives 
and expertise often sparks innovative ideas.

iv.	 Use Design Thinking: Introduce design thinking methodologies, which 
emphasise understanding user needs, brainstorming, and prototyping, to 
encourage engineers to think innovatively from a user-centred perspective.

v.	 Brainstorming Sessions: Regularly organise brainstorming sessions where 
all ideas are welcome. Techniques like “mind mapping” and “SCAMPER” 
(Substitute, Combine, Adapt, Modify, put to another use, Eliminate, Reverse) 
stimulate creative thinking.



100

PROFESSIONAL ETHICSSECTION 3

vi.	 Incorporate Artistic and Diverse Skills: Encourage learning skills outside of 
traditional engineering, like art, design, or music, which can stimulate new 
ways of thinking and creative approaches to technical problems.

vii.Provide Creative Freedom: Allow engineers to explore ideas without 
immediate judgment. Setting up a “sandbox” environment where they can 
experiment with new concepts freely enhances creative confidence.

viii.Practice Lateral Thinking: Offer training or exercises in lateral thinking, 
which encourages looking at problems indirectly and unexpectedly, fostering 
out-of-the-box solutions.

9.	 Project Management 
a.	 Attributes

i.	 Organisational Skills
ii.	 Time Management
iii.	Communication and Interpersonal Skills
iv.	 Risk Assessment and Management
v.	 Problem-Solving Abilities
vi.	 Leadership and Team Management
vii.	Adaptability and Flexibility
viii.Attention to Detail
ix.	 Budgeting and Cost Control
x.	 Goal Setting and Planning

b.	 Development 

i.	 Use Project Management Tools and Software: Familiarise yourself with 
project management tools like Microsoft Project, Trello, or Asana. These 
tools help with task tracking, scheduling, and resource management, 
making managing project activities and deadlines easier.

ii.	 Practice Goal Setting and Planning: Set clear, realistic goals for small 
projects. Break down tasks into actionable steps, create timelines, and 
allocate resources. This will help you develop a systematic approach to 
project planning.

iii.	Take Project Management Courses: Enrol in courses related to project 
management, such as PMP certification or Agile methodologies. These 
courses offer structured frameworks for managing projects effectively and 
provide strategies for handling real-world project challenges.

iv.	 Improve Communication Skills: Practice clear and concise communication 
by regularly updating your team and stakeholders on project progress. Work 
on tailoring your communication style to fit different audiences, ensuring 
technical and non-technical stakeholders understand your message.

v.	 Learn and Practice Risk Management: Get into the habit of identifying and 
evaluating potential risks before starting any project. Use tools like risk 
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assessment matrices to quantify and prioritise risks and proactively develop 
mitigation plans to address them.

vi.	 Work on Time Management Techniques: Use time management techniques 
like the Pomodoro Technique or time-blocking to structure your day. 
Prioritise tasks based on urgency and importance, and practice setting 
realistic deadlines for yourself and your team.

vii.Seek Mentorship from Experienced Project Managers: Find a mentor with 
project management experience who can guide planning, organisation, and 
problem-solving strategies. Learning from real-world experiences can be 
invaluable for navigating complex projects.

viii.Develop Leadership Skills: Take on leadership roles in team projects, 
even on a small scale. Practice delegating tasks, providing feedback, and 
fostering a collaborative environment. Developing leadership skills is key to 
motivating teams and managing group dynamics.

ix.	 Gain Hands-On Experience with Real Projects: Volunteer to lead small 
projects or specific project phases, such as planning, execution, or reporting. 
Practical experience helps you understand the project lifecycle and the 
challenges in managing resources, timelines, and expectations.

x.	 Focus on Budget Management: Familiarise yourself with budgeting basics, 
like estimating costs, tracking expenses, and managing resources within 
budget constraints. Practising cost control helps prevent overspending and 
enables more efficient use of resources.

xi.	 Strengthen Problem-Solving Skills: Practice analytical thinking by breaking 
complex problems into smaller, manageable parts. Use data to guide your 
decisions, and brainstorm multiple solutions to approach challenges from 
different angles.

xii.Adapt to Changing Circumstances: Develop flexibility by working in 
dynamic environments or on projects with evolving requirements. Practising 
adaptability helps you stay calm under pressure and learn to pivot strategies 
when necessary.

xiii.Attend Workshops and Conferences: Participate in workshops and industry 
conferences on project management. Networking with other professionals 
provides new perspectives and insights into effective project management 
practices.

xiv.Reflect and Learn from Each Project: After each project, reflect on what 
went well, what could be improved, and any lessons learned. Documenting 
your reflections helps you identify areas for growth and strengthens your 
project management skills over time.
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10. Leadership 
a.	 Attributes

i.	 Vision and Strategic Thinking
ii.	 Decision-Making Ability
iii.	Communication Skills
iv.	 Problem-solving and Critical Thinking
v.	 Empathy and Emotional Intelligence
vi.	 Delegation Skills
vii.	Integrity and Accountability
viii.Motivation and Inspiration
ix.	 Adaptability and Flexibility
x.	 Conflict Resolution Skills

b.	 Development

i.	 Seek Leadership Training and Mentorship: Take leadership development 
courses or workshops, such as those focused on communication, decision-
making, or team management. Mentorship from experienced leaders can 
guide navigation of complex situations and development of leadership 
strategies.

ii.	 Practice Active Listening: Improve your communication by practising 
active listening. Listen to what others say, ask clarifying questions, and 
demonstrate that you value their input. This builds trust and fosters open 
dialogue with team members.

iii.	Develop Problem-Solving Skills: Hone your ability to approach challenges 
with a systematic problem-solving mindset. Practice breaking down 
problems into smaller components, evaluating options, and selecting the 
most appropriate solutions.

iv.	 Engage in Cross-Functional Teams: Work in cross-functional teams to gain 
experience managing diverse perspectives and learning from others with 
different expertise. Exposure to different fields broadens your understanding 
and prepares you for strategic thinking.

v.	 Cultivate Emotional Intelligence: Build your emotional intelligence by 
improving self-awareness and managing your emotions in high-pressure 
situations. Practice empathy by considering how others might feel and 
responding with understanding.

vi.	 Delegate and Trust Your Team: Practice delegating tasks based on team 
members’ skills and expertise. Trusting your team members and giving them 
the autonomy to complete tasks fosters ownership and builds leadership 
capacity.

vii.Set Clear Goals and Expectations: As a leader, it is important to set clear 
and measurable goals for your team. Ensure everyone understands their 
roles and responsibilities and provide regular feedback on progress toward 
meeting objectives.
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viii.Lead by Example: Demonstrate the qualities you expect from your team by 
leading with integrity, accountability, and dedication to the project. Leading 
by example sets a standard for behaviour and motivates your team to follow 
suit.

ix.	 Develop Conflict Management Skills: Learn how to address conflicts early 
before they escalate. Practice finding common ground and facilitating 
solutions that benefit the team. Attend conflict resolution workshops or 
read books on managing disagreements constructively.

x.	 Be Open to Feedback: Regularly seek feedback from your team and peers 
about your leadership style. Use this feedback to adjust your approach 
and develop as a leader. Being open to criticism fosters trust and helps you 
continuously improve your leadership abilities.

xi.	 Embrace Change and Continuous Learning: Stay adaptable by embracing 
new technologies, industry trends, and leadership methodologies. 
Continuously develop your skills by learning about emerging best practices 
in leadership and staying informed on changes in your field.

xii.Foster Collaboration and Teamwork: Encourage collaboration by creating an 
inclusive environment where every team member’s input is valued. Practice 
teamwork by involving team members in decision-making and creating 
opportunities for them to contribute ideas and solutions.

xiii.Work on Time Management and Prioritisation: Leadership involves 
managing multiple tasks and ensuring deadlines are met. Strengthen your 
time management skills by prioritising tasks, setting realistic timelines, and 
organising your work to optimise productivity.

xiv.Provide Regular Recognition and Feedback: Recognise and reward the 
achievements of your team to boost morale and motivation. Provide 
constructive feedback to help individuals grow and align their efforts with 
the project goals.

xv.	Take Initiative in Challenging Situations: Show leadership by stepping 
up during difficult situations. Take the initiative to address issues, offer 
solutions, and guide your team through challenging phases of the project. 
This demonstrates your ability to lead under pressure.

Activity 3.21 Individual Reflection on Engineer Attributes

Objective: Identify desired characteristics of engineers, emphasising tolerance 
and empathy.

Materials: Writing materials, worksheets.

Steps
1.	 Select from a list provided by your teacher, a worksheet with prompts like 

“List desired 5 attributes of a good engineer.”
2.	 Reflect individually and write your thoughts.
3.	 Discuss the responses collectively to create a class list.
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Questions
a.	 Why are tolerance and empathy critical for engineers?
b.	 How do these attributes affect teamwork?

Activity 3.22 Pair Discussion on Development of Leadership skills

Objective: Explore how engineers can instil values in themselves.

Materials: Discussion prompts, notebooks.

Steps
1.	 Pair up with a classmate and select a prompt like, “How can an engineer 

develop leadership skills?”
2.	 Work with your teammate to brainstorm and note their ideas.
3.	 Rotate pairs to share findings with others.
Questions

a.	 What strategies did you discuss for developing leadership skills?
b.	 Which strategies can be practised daily?

Activity 3.23 Case Study Analysis – Effective communication

Objective: Analyse case studies of how successful engineers demonstrate 
effective communication.

Materials: Case studies, worksheets.

Steps
1.	 Distribute case studies highlighting what makes communication effective.
2.	 Groups identify key traits demonstrated and discuss their importance.
3.	 Share findings with the class.
Questions

a.	 Which communication attributes stood out in the case studies?
b.	 How can these traits be developed in student engineers?

Activity 3.24 Class Sharing and commitment to continuous learning

Objective: Demonstrate commitment to continuous learning by sharing ideas.

Materials: Flipchart, markers.

Steps
1.	 Pair up with a classmate and select a topic for discussion where continuous 

learning is important.
2.	 Document key points on the flipchart.
3.	 Work together to discuss more complex examples provided by your teacher.
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Questions
a.	 What new insights did you gain from others’ presentations?
b.	 Can you think of real-world examples demonstrating the importance 

of continuous learning for engineers?

Activity 3.25 Role-Playing Scenarios

Objective: Demonstrate why ethical behaviour is important for engineers.

Materials: Scenario cards.

Steps
1.	 Form a small group and pick a scenario requiring problem-solving and 

where ethical behaviour is important.
2.	 Role-play and demonstrate tolerance, empathy, and leadership.
3.	 Allow feedback from your class.

Questions

a.	 How did the ethical behaviour contribute to resolving the scenario?
b.	 What would you improve next time?

UNPROFESSIONAL BEHAVIOUR
Consequences of Unprofessional Behaviour
Unprofessional behaviour in engineering can have far-reaching and severe 
consequences, affecting not only the engineer involved but also the public, the 
organisation, and the broader profession. These consequences can result in financial 
loss, damage to reputation, legal liabilities, safety hazards, and environmental damage. 
Here are some key consequences: 

1.	 Safety Risks 

a.	 Public Safety: Engineering projects directly impact public safety. Unprofessional 
behaviour, such as neglecting safety protocols, using substandard materials, or 
cutting corners in design and construction, can lead to accidents, structural 
failures, or environmental disasters. An example is a failure to adhere to building 
codes or safety standards, which can result in the collapse of structures like 
bridges, buildings, or dams, causing fatalities and injuries. 

b.	 Environmental Impact: Poor adherence to safety and environmental standards 
can lead to environmental damage, such as pollution, resource depletion, and 
ecological harm. 

2.	 Legal and Regulatory Consequences 

a.	 Legal Liability: It may lead to legal consequences, including lawsuits, fines, 
or criminal charges. Engineers are required to comply with safety standards, 
regulations, and ethical guidelines. Failure to do so can result in legal actions 
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from clients, regulatory bodies, or affected individuals. An example is if an 
engineer’s negligence leads to a design flaw that causes harm or damage, they 
or their organisation may face significant legal claims and penalties.

b.	 Loss of Licensure: Engineers who engage in unprofessional conduct can 
lose their professional certifications or licenses. Regulatory bodies, such as 
state boards or professional organisations, can suspend or revoke licenses for 
unethical practices, endangering an engineer’s ability to work in their field. An 
example is if an engineer is found guilty of falsifying reports, neglecting safety 
requirements, or breaching ethical standards, they could face disciplinary 
actions, including suspension or removal from professional organisations.

3.	 Financial Losses: 

Unprofessional behaviour often leads to financial repercussions, including project 
delays, additional costs for corrective actions, and settlements in legal disputes. 
The financial impact also extends to the organisation, affecting profitability, client 
relationships, and overall business viability. An example is poor design decisions or 
negligence that led to structural failures that may require costly repairs, insurance 
claims, or legal settlements, draining resources and damaging the company’s 
financial health.

a.	 Project Failures: Unprofessional behaviour can lead to mistakes, oversights, 
and failure to adhere to established standards and protocols. This may 
cause engineering projects to fail due to poor design, faulty construction, or 
mismanagement. Failed projects can lead to safety hazards, financial losses, 
legal consequences, and a loss of client confidence. This can significantly affect 
the long-term viability of engineering firms and the engineers’ reputations.

b.	 Reputation Damage: Unprofessional behaviour can irreparably damage an 
engineer’s personal and professional reputation. Once an engineer’s misconduct 
is made public, it can undermine trust in their capabilities and integrity, leading 
to a loss of business, career opportunities, and respect within the industry. An 
example is an engineer involved in a high-profile scandal, such as an unsafe 
construction project or environmental catastrophe. They may find it difficult to 
secure future projects, as clients and employers may view them as unreliable or 
incompetent.

4.	 Reputation and Trust 

a.	 Loss of Trust: Engineers are trusted by clients, employers, and the public to 
uphold safety, integrity, and professionalism. Unprofessional behaviour, such 
as dishonesty, negligence, or lack of accountability, will erode this trust. Clients 
and the public may avoid working with engineers or engineering firms when 
trust is lost. This can lead to a loss of future business and even regulatory 
scrutiny.

b.	 Brand Damage: Unprofessional behaviour can damage the brand and reputation 
of an engineering firm, especially if the engineer’s actions reflect poorly on the 
company’s practices or values. Brand damage can lead to declining customer 
loyalty, losing business opportunities, and reduced market share. It may also 
result in the company being blacklisted in specific sectors.
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5.	 Impact on Team and Workplace 

a.	 Decreased Morale: Unprofessional behaviour can create a toxic work 
environment, diminishing team morale and productivity. Engineers displaying 
poor ethics or failing to meet professional standards can demotivate colleagues 
and reduce overall team effectiveness. Low morale leads to decreased 
productivity, innovation, and collaboration, which can ultimately affect the 
quality of engineering projects.

b.	 Increased Turnover in staff: When an engineering team experiences poor 
leadership, unethical behaviour, or a lack of accountability, employee 
satisfaction decreases, leading to higher turnover rates. High turnover leads to 
increased recruitment costs, a loss of experienced talent, and instability within 
the team. It also hampers the long-term success of engineering projects as new 
team members may take time to get up to speed.

6.	 Ethical and Social Implications 

a.	 Erosion of Ethical Standards: Unprofessional behaviour can gradually erode 
ethical standards within an engineering organisation. If unethical actions 
are tolerated or go unpunished, it sets a precedent for others to follow. An 
organisation’s commitment to ethical standards will weaken over time, 
resulting in systemic issues, regulatory violations, and long-term damage to the 
professional reputation of the organisation and the engineering profession.

b.	 Negative Social Impact: Engineering projects often impact the public and 
the environment. Unprofessional behaviour can harm communities and the 
environment, from unsafe structures to pollution. The social impact can be 
severe, including loss of life, long-term environmental damage, and public 
outrage. It may also lead to stricter regulations, legal repercussions, and a loss 
of public trust in the engineering profession.

7.	 Personal Consequences 

a.	 Career Damage: Engaging in unprofessional behaviour can lead to serious 
career setbacks, including job loss, inability to find future work, and damage to 
one’s professional reputation. Career damage can result in long-term financial 
instability, professional isolation, and a loss of job satisfaction. It can take years 
to rebuild a damaged career or reputation.

b.	 Personal Reputation: Engineers rely on their reputation to advance their 
careers. Unprofessional behaviour can tarnish an engineer’s reputation, making 
maintain a positive professional image. A damaged personal reputation can 
have lifelong effects, limiting professional opportunities and interactions within 
the engineering community.
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Examples of Unprofessional Behaviour and 
Consequences 

a.	 Falsifying Data or Reports

i.	 Safety Risks: If the data falsification leads to the approval of unsafe designs 
or structures, it could result in failures, accidents, or fatalities.

ii.	 Legal Action: The engineer may face lawsuits, legal liabilities, or criminal 
charges for dishonesty or fraud.

iii.	Reputation Damage: The engineer and the organisation’s reputation are 
severely damaged, resulting in losing future clients and job opportunities.

b.	 Ignoring Safety Standards

i.	 Workplace Accidents: Unaddressed safety hazards can lead to workplace 
injuries, fatalities, or long-term health issues.

ii.	 Project Delays: Legal investigations and remedial actions can halt project 
progress and incur significant costs.

iii.	Loss of Professional License: The engineer’s professional license may be 
revoked or be fined for neglecting safety standards.

c.	 Poor Communication

i.	 Project Delays: Miscommunication can lead to rework, delays, and additional 
costs, affecting deadlines and client satisfaction.

ii.	 Increased Costs: The errors caused by poor communication may require 
costly corrections and additional resources to address.

iii.	Damaged Client Relationships: Clients may lose trust in the engineering 
firm due to poor management or communication, affecting future business 
prospects.

d.	 Cutting Corners to Save Time or Money

i.	 Structural Failures: The shortcuts can lead to defects in structures or systems, 
causing failures after construction.

ii.	 Increased Maintenance Costs: Poor-quality work often leads to higher 
maintenance costs and more frequent repairs in the long run.

iii.	Public Safety Issues: Engineering projects that fail due to shortcuts can 
endanger public safety, leading to legal liabilities, injuries, or fatalities.

e.	 Conflicts of Interest

i.	 Legal and Ethical Violations: Accepting bribes or gifts constitutes unethical 
behaviour and is punishable by law.

ii.	 Loss of Trust: The engineer and the company lose the trust of stakeholders, 
clients, and the public.

iii.	Damaged Relationships: Conflict of interest can lead to strained relationships 
with clients, partners, and regulators and may result in the engineer being 
banned from future projects.
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f.	 Disregard for Environmental Impact

i.	 Environmental Damage: The project could damage ecosystems, air, or water 
quality in the long term.

ii.	 Fines and Penalties: The company or engineer could face legal actions, 
environmental fines, and penalties for non-compliance with regulations.

iii.	Public Backlash: Environmental violations can attract media attention and 
lead to public outrage, harming the company’s reputation.

g.	 Failure to Adhere to Codes and Regulations

i.	 Legal Penalties: The engineer and the firm could face lawsuits, financial 
penalties, and the possibility of criminal charges for endangering public 
safety.

ii.	 Project Halt: Authorities may halt the project, leading to significant delays 
and additional costs for compliance.

iii.	Safety Hazards: Ignoring regulations can result in unsafe buildings, putting 
workers and future occupants at risk.

h.	 Lack of Accountability

i.	 Damage to Team Dynamics: Lack of accountability can create a toxic work 
environment, leading to decreased collaboration and trust within the team.

ii.	 Loss of Credibility: Colleagues, superiors, and clients lose faith in the 
engineer’s professionalism and reliability, damaging future career prospects.

iii.	 Inefficiency: Unaddressed mistakes lead to inefficiencies, requiring more 
time and resources to correct the errors later.

i.	 Incompetence or Lack of Expertise

i.	 Project Failure: Incompetence can lead to the project’s failure, either through 
flawed designs, errors in implementation, or inability to resolve technical 
challenges.

ii.	 Loss of Client Trust: Clients may lose confidence in the firm’s ability to 
deliver successful projects and may seek other professionals in the future.

iii.	Reputation Damage: The engineer may face long-term career setbacks as 
word spreads about their lack of skill or professionalism.

j.	 Discriminatory or Harassing Behaviour

i.	 Legal Action: Discrimination or harassment can lead to lawsuits, legal 
action, and substantial compensation costs.

ii.	 Toxic Work Culture: The engineer’s behaviour can create a hostile work 
environment, leading to decreased employee productivity and morale.

iii.	 Loss of Reputation: The engineer and the company’s reputation are harmed by 
such behaviour, leading to negative publicity and a loss of stakeholder trust.
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Activity 3.26 Identifying Unprofessional Behaviours

Objective: Understand and list examples of unprofessional behaviour in 
engineering.

Materials: Chart papers, markers, example scenarios.

Steps

1.	 Form a small group with your classmates.
2.	 Select a scenario from your teacher to analyse.
3.	 List unprofessional behaviours in your selected scenarios.
4.	 Present your findings to the class.

Questions

a.	 What behaviours did you identify as unprofessional?
b.	 How do these behaviours contradict professional standards?

Activity 3.27 Think-Pair-Share on Examples

Objective: Reflect on real-world examples of unprofessional behaviour in 
engineering.

Materials: Notebooks, pens, example prompts. 

Steps

1.	 individually think of examples of unprofessional behaviour in engineering.
2.	 Select a partner from your class and discuss examples with a partner.
3.	 Create notes and share with your class.

Questions

a.	 What makes these examples unprofessional?
b.	 Could these behaviours have been avoided?

Activity 3.28 Professional demeanour

Objective: To appreciate why maintaining a professional demeanour is 
important in engineering practice

Materials: Notebooks, pens, example prompts.

Steps

1.	 Individually think of examples of how maintaining a professional 
demeanour is important in engineering practice.

2.	 Select a partner from your class and discuss your examples with this partner.
3.	 Create notes and share with your class.
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Questions

a.	 How has maintaining a professional demeanour positively contributed 
to the success of an engineering project?

b.	 How could this professional behaviour become second nature in 
yourself? 

Activity 3.29 Scenario Analysis

Objective: Examine the consequences of unprofessional behaviour in projects.

Materials: Case studies of failed projects.

Steps

1.	 Select a case study where unprofessional behaviour led to delays or failures.
2.	 Pair with a classmate and think about the case study.
3.	 Analyse and share your notes with the class.

Questions

a.	 What actions led to the failure?
b.	 How could professionalism have altered the outcome?

Activity 3.30 Exploring Safety Impacts

Objective: Highlight how unprofessional behaviour affects safety.

Materials: Safety incident reports, discussion prompts.

Steps

1.	 Discuss real or hypothetical safety incidents caused by unprofessional 
behaviour.

2.	 Create a PowerPoint presentation on the ripple effects on safety.
3.	 Present it to your class.

Questions

a.	 How do unprofessional actions compromise safety?
b.	 What safeguards can prevent such behaviour?
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Activity 3.31 Impact on Team Morale

Objective: Explore the effects of unprofessionalism on team dynamics.

Materials: Role-play scripts, feedback forms.

Steps

1.	 Form a small group with your classmates and select role-play scenarios 
showing unprofessional behaviour.

2.	 Discuss the impact of your scenario on team morale.
3.	 Share your findings with your class.

Questions

a.	 How did the behaviour affect team collaboration?
b.	 What corrective measures can improve morale?

Additional Reading Materials 
1.	 “Engineering Ethics and the Ghanaian Perspective” by Kwame A. Acheampong 
2.	 “African Engineering and Ethics: Contexts and Challenges” by Nana Afriyie Owusu
3.	 Hacker, M, Barden B., Living with Technology, 2nd edition. Albany NY: Delmar 

Publishers, 1993.
4.	 (PDF) Action Research as ‘Systematic Investigation of 

Experience’. Available from: https://www.researchgate.net/
publication/315468164_Action_Research_as_’Systematic_
Investigation_of_Experience’ [accessed Jun 19, 2024].
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Review Questions 

1.	 Why is it important for engineers to follow a code of ethics?

2.	 What is an example of unprofessional behaviour for an engineer, and what 
might be the consequence?

3.	 How can an engineer demonstrate dependability in their work?

4.	 Why is communication considered a key aspect of professionalism in 
engineering?

5.	 Why is honesty important in engineering, and how does it reflect professional 
behaviour?

6.	 How does teamwork contribute to professional behaviour in engineering?

7.	 What does it mean for an engineer to take accountability, and why is it a part 
of professional behaviour?

8.	 Why should engineers continuously improve their skills, and how does this 
reflect professional behaviour?

9.	 How does professional behaviour enhance teamwork in engineering projects?

10.Why is trust a major benefit of professional behaviour for engineers?

11.In what way does professional behaviour contribute to an engineer’s career 
growth?

12.How does professional behaviour impact the quality and safety of engineering 
work?

13.Why is open communication considered a characteristic of an ethical and 
professional workplace?

14.How does respect for diversity contribute to an ethical and professional 
workplace?

15.What role does accountability play in an ethical and professional workplace?

16.Why is adherence to ethical guidelines important in maintaining a professional 
workplace?

17.Why is problem-solving an essential attribute for engineers, and how can 
students develop it?

18.How does teamwork benefit engineers, and what can students do to improve 
their teamwork skills?

19.Why is attention to detail important for engineers, and how can students 
cultivate this attribute?

20.What role does adaptability play in engineering, and how can students become 
more adaptable?
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21.What can happen if an engineer fails to communicate important information 
in a project?

22.How does a lack of accountability affect an engineer’s career?

23.What are the safety risks associated with cutting corners to save time or costs 
in engineering?

24.How can unprofessional behaviour impact an engineer’s team and work 
environment?
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ENERGY SYSTEMS
Circuit and Machines

Introduction
In this section, you will learn about analogue electronic circuits and their essential 
role in modern technology. You will explore how components like resistors, capacitors, 
inductors and transistors work together to manage signals such as current and voltage. 
These circuits are vital in processing real-world signals, making them indispensable in 
consumer electronics, industrial systems, and medical devices. You will also discover 
how to design and simulate circuits using electronic CAD tools, making creating and 
refining designs easier. By the end of this section, you will have the skills to design and 
build circuits like power supplies and stable multivibrators. This section will help you 
understand the principles behind analogue electronics and give you the confidence to 
apply your knowledge practically and creatively.

Key Ideas 

•	 The basic components of analogue electronic circuits, like resistors, capacitors, inductors, 
diodes, and transistors, have specific functions. For example, they control voltage and 
current to make circuits work in specific ways, such as filtering signals, boosting strength 
(amplification), or modifying signals (modulation). Each part helps the circuit function 
smoothly and achieve its purpose.

•	 To design electronic circuits effectively, it’s essential to understand how different 
components, like resistors, capacitors, and transistors, work. Knowing their functions 
and characteristics allows you to choose and combine them correctly to meet specific 
needs, such as making the circuit stable, efficient, and functional. This knowledge helps 
create circuits that perform well for their intended purpose.

•	 CAD tools are used to design and analyse simple analogue electronic circuits by allowing 
designers to digitally create, test, and adjust circuit layouts. These tools help simulate 
circuits to check how they will perform, making identifying and fixing problems easier 
before building a physical prototype. This improves accuracy, speeds up development, 
and saves time during the design process.
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FUNCTIONS OF THE BASIC COMPONENTS OF 
ANALOGUE ELECTRONIC CIRCUITS
Functions of Basic Electronic Components  
Analogue electronic circuits comprise basic components, each with a specific function 
which affects the overall behaviour of the circuit. Here is a quick look at some standard 
components and what they do: 

1.	 Resistors 

a.	 Function: A resistor limits the current flow in a circuit by providing resistance. It 
controls the voltage and current levels to ensure that other components operate 
within their specified ranges.

b.	 Applications: Used to reduce current flow, protect sensitive components (e.g., 
LEDs), divide voltages, adjust signal levels, and control current in a circuit. 

c.	 Behaviour: Resistors follow Ohm’s Law (Voltage = current × Resistance). They 
dissipate power as heat, and their resistance value determines the current that 
flows through a circuit for a given voltage. 

2.	 Capacitors 

a.	 Function: A capacitor stores electrical energy temporarily and releases it when 
needed. Capacitors can be used for filtering, smoothing, and decoupling in 
circuits and timing applications.

b.	 Application: Capacitors are used in various applications, including energy 
storage for later use, signal filtering to remove unwanted noise (such as in power 
supplies), and smoothing rectified signals to create a steady DC output.

c.	 Behaviour: Capacitors store energy in the form of an electric field and release 
it as electrical energy. They block DC but allow AC signals to pass. The amount 
of charge a capacitor can hold depends on its capacitance. Since the impedance 
(reactance) of a capacitor is inversely proportional to the frequency, a capacitor 
will present an open-circuit (infinite impedance) to a dc (frequency, f=0), a pass 
to low frequency (e.g. 50 Hz) and a short-circuit (zero impedance) to very high 
frequency (e.g. 100 GHz). 

3.	 Inductors 

a.	 Function: Inductors store energy in a magnetic field when electric current flows 
through them. Inductors oppose changes in current, making them useful for 
filtering signals and storing energy in power supply circuits.

b.	 Application: They are used as chokes in power supplies and filters in audio and 
radio frequency applications. 

c.	 Behaviour: Inductors store energy in a magnetic field and resist changes in 
current. They pass DC and block high-frequency AC signals. The inductance 
value affects how much energy it can store and its reactance at different 
frequencies. Since the impedance (reactance) of an inductor is directly 
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proportional to the frequency, an inductor will present a short-circuit (zero 
impedance) to a dc (frequency, f=0), a pass to low frequency (e.g. 50 Hz) and an 
open circuit (infinite impedance) to very high frequency (e.g. 100 GHz). 

4.	 Diodes 

a.	 Function: Diodes allow current to flow in only one direction, like a one-way 
valve. They are used for rectification (converting AC into DC), protection, and 
signal demodulation. 

b.	 Application: Diodes are commonly used in power rectifiers to convert AC to 
DC, in signal demodulators to extract information from modulated signals, and 
in voltage protection circuits to safeguard components from voltage spikes. 

c.	 Behaviour: Diodes allow current to flow in one direction only, with a 
characteristic forward voltage drop (typically 0.7V for silicon diodes). They 
block reverse current until the breakdown voltage is reached. 

5.	 Transistors 

a.	 Function: Transistors function as amplifiers or switches. They can amplify 
signals or turn the current on and off in a circuit. 

b.	 Application: Transistors are used for signal amplification in audio and 
communication circuits, switching operations in digital circuits, and voltage 
regulation in power supply systems.

c.	 Behaviour: Transistors control current flow between the collector and emitter 
terminals based on the base current (BJT - bipolar junction transistor) or gate 
voltage (MOSFET – metal oxide silicon field effect transistor). They can amplify 
signals or function as electronic switches. 

6.	 Operational Amplifiers (Op-Amps) 

a.	 Function: Op-amps are used to amplify voltage signals. They have high input 
impedance and low output impedance, making them ideal for various signal-
processing tasks. 

b.	 Application: Operational amplifiers (op-amps) are used for signal amplification, 
signal filtering, and performing mathematical operations such as addition, 
subtraction, integration, and differentiation in analogue circuits.

c.	 Behaviour: Op-amps amplify the voltage difference between their input 
terminals. They have high input impedance and low output impedance, making 
them ideal for signal conditioning and processing. 

7.	 Transformers 

a.	 Function: Transformers transfer electrical energy between circuits through a 
pulsating electromagnetic field. They can step up (raise) or step down (lower) 
voltage levels. 

b.	 Application: Transformers are used for voltage transformation in power 
supply systems, providing electrical isolation and impedance matching in 
communication systems to optimise signal transfer.
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c.	 Behaviour: Transformers transfer energy between two or more windings 
through electromagnetic induction. The turns ratio determines the voltage ratio 
between the primary and secondary windings. The turns ratio is the ratio of the 
number of turns in the primary (Np) to the number of turns in the secondary 
(Ns), Np/Ns. A step-up transformer increases voltage and decreases current, 
whereas a step-down transformer decreases voltage and increases current. 

8.	 Voltage Regulators 

a.	 Function: Voltage regulators maintain a constant output voltage regardless of 
variations in input voltage or load conditions. They are used to provide a stable 
power supply to circuits. 

b.	 Application: They are used in power supplies for electronic devices and battery 
chargers. 

c.	 Behaviour: A voltage regulator generates a fixed output voltage of a preset 
magnitude that remains constant regardless of changes to its input voltage or 
load conditions. There are two types of voltage regulators: linear and switching. 
Switching regulators use high-frequency switching components (typically 
transistors) to convert and regulate input voltage to a stable output voltage. A 
linear regulator compares the output voltage with a precise reference voltage 
and adjusts the pass device to maintain a constant output voltage. 

9.	 Relays 

a.	 Function: Relays are electromechanical switches that use a small current to 
control a larger current. They provide electrical isolation between control and 
output circuits. 

b.	 Application: Switching high-power devices, protecting circuits, and automating 
systems. 

c.	 Behaviour: Relays use an electromagnet to switch contacts mechanically. 
They can control large currents with a small input signal, providing electrical 
isolation between control and output circuits. A relay, as an electromagnetic 
switch, opens and closes circuits electromechanically or electronically. A 
relatively small electric current operates a relay that can turn a much larger 
electric current on or off. 

10.	Light Emitting Diodes (LEDs) 

a.	 Function: LEDs emit light when an electric current passes through them. They 
are used as indicators and for illumination. 

b.	 Application: Light-emitting diodes (LEDs) are used as status indicators in devices, 
display panels for visual information, and as energy-efficient sources of lighting. 

c.	 Behaviour: The voltage drops across the LED when it is forward-bias and conducting 
current. 

11.	Photodiodes and Light Dependent Resistors (LDRs) 

a.	 Function: Photodiodes and LDRs change their electrical properties in response 
to light. Photodiodes generate current when exposed to light, while LDRs 
change their resistance based on light intensity. 
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b.	 Application: Photodiodes and light-dependent resistors (LDRs) are used for 
light sensing in automatic lighting systems, opto-isolators for signal isolation in 
electronic circuits, and light meters to measure light intensity. 

c.	 Behaviour: Photodiodes generate a current directly proportional to the light 
intensity they receive and are often used in reverse bias mode for light detection. 
On the other hand, light-dependent resistors (LDRs) change their resistance 
based on the amount of light, decreasing resistance as light intensity increases.

Activity 4.1 Distinction between Analogue and Digital Circuits

Watch this video on the distinction between analogue and digital 
electronic circuits from the link below:

https://youtu.be/G0iSEDyJKDo

Activity 4.2 Circuit Building Challenge

Objective: To understand the functions of basic electronic components by 
constructing simple circuits.

Materials Needed

•	 Breadboards

•	 Various electronic components (e.g., resistors, capacitors, LEDs, 
transistors, and switches)

•	 Multimeters for measuring voltage and current.

•	 Circuit diagrams for guidance

Steps

1.	 With your classmates, research the basic electronic components and their 
functions, 
a.	 Such as resistors and how they affect current and voltage in a circuit, 
b.	 How capacitors store & release energy in an analogue circuit.
c.	 Function of an inductor in an analogue circuit.
d.	 Role of capacitors in filtering and smoothing voltage fluctuations. 
e.	 Diodes
f.	 Transistors.

2.	 Form small groups. Each group will be assigned a specific circuit to design 
and build. Examples include a simple LED circuit, a series circuit, or a 
parallel circuit, a power supply, a stable multivibrator or simple water level 
indicator circuits.

3.	 Using circuit diagrams that have been provided to you, assemble your circuit 
on a breadboard with the components given.

https://youtu.be/G0iSEDyJKDo
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4.	 Use a multi-meter to measure the voltage and current in your circuit and 
discuss with your group how the components work together and their roles 
in the circuit.

Discussion Points

a.	 What role does each component play in your circuit?
b.	 How did the circuit behave as you added or removed components?

Activity 4.3 Component Function Presentation

Objective: To research and present the functions of specific electronic 
components.

Materials Needed
•	 Research materials (books, internet access)
•	 Presentation tools (PowerPoint, poster boards)

Steps

1.	 With your classmates, research a specific electronic component assigned to 
your group, such as a diode, transistor, or capacitor. Focus on its function, 
real-world applications, and importance in electronic circuits.

2.	 Work together to understand your component and prepare a short 
explanation of how it works. If possible, set up a simple demonstration 
circuit using your component.

3.	 Present your findings to the class, explaining your component’s role and 
demonstrating how it functions in a circuit.

Discussion Points

a.	 How does your component compare to others in terms of 
functionality?

b.	 In what types of devices is your component commonly used, and why?

Activity 4.4 Identifying Components in Everyday Devices

Objective: To recognise and understand the functions of basic electronic 
components in everyday devices.

Materials Needed
•	 Old electronics (e.g., radios, toys, calculators)
•	 Tools for disassembling (screwdrivers, pliers)
•	 Worksheets for component identification

Steps

1.	 Form a small group with your classmates and work together to safely 
disassemble old electronic devices, such as radios, phones, or computers, to 
explore their internal components.
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2.	 As you disassemble the devices, identify and label the various electronic 
components you find, such as resistors, capacitors, diodes, and transistors.

3.	 After identifying the components, create a report or presentation explaining 
the function of each component, how it contributes to the overall device and 
its role in the circuit.

Discussion Points

a.	 What components did you find most interesting, and why?
b.	 How do these components work together to make the device function?

Activity 4.5 Component Exploration and Research Project

Objective: To investigate the functions of specific electronic components and 
their applications in real-world devices.

Materials Needed

•	 Access to the internet or library resources for research
•	 Worksheets for notes and observations
•	 Presentation materials (PowerPoint, poster boards, etc.)

Steps

1.	 Form a small group with your classmates, and select a specific electronic 
component (e.g., resistors, capacitors, diodes, transistors, or inductors).

2.	 Research your assigned component, focusing on:
a.	 Its function in electronic circuits.
b.	 Common applications in everyday devices.
c.	 How it impacts circuit performance.
d.	 Recent advancements or innovative uses of the component.

3.	 After completing the research phase, disassemble old electronic devices 
(such as radios, calculators, or toys) to find and identify your assigned 
component.

4.	 Prepare a presentation summarising your findings, demonstrating your 
component, and explaining its role and importance in theoretical and 
practical contexts.

Discussion Points

a.	 What are the essential functions of your assigned component in a 
circuit?

b.	 How do these components work together to create a functional 
electronic device?
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Activity 4.6 Building a Basic Circuit with Component Research

Objective: To build a basic electronic circuit using various components while 
understanding their functions through research.

Materials Needed

•	 Breadboards, wires, and various electronic components (resistors, 
capacitors, LEDs, transistors, etc.)

•	 Circuit diagram examples
•	 Research materials (books, articles, or internet access)
•	 Multimeters for measuring voltage and current.

Steps

1.	 Form a small group with your classmates and research the functions of 
the components you will use in your circuit. Explore questions like why a 
resistor is needed or how a capacitor works.

2.	 Work in small groups to design a basic circuit using a photoresistor, such as 
an LED blinking or light-sensitive circuit. Draw a circuit diagram, labelling 
each component and its function based on your research.

3.	 Assemble your circuit on a breadboard using the components identified 
during your research. As you build, ensure you understand how each 
component contributes to the circuit’s operation.

4.	 Use a multimeter to measure voltage and current in your circuit. Observe 
and discuss the circuit’s behaviour with your group.

5.	 Create a brief report describing your circuit, detailing the functions of the 
components you used and evaluating the circuit’s overall performance.

Discussion Points

a.	 How did your research inform your understanding of the components’ 
roles in the circuit?

b.	 What challenges did you encounter while building the circuit, and 
how did you resolve them?

APPLYING KNOWLEDGE IN DESIGNING 
ELECTRONIC CIRCUITS
Designing electronic circuits requires learning about different electronic components, 
such as resistors, capacitors, and transistors, and understanding how they work together 
to perform specific functions. It is essential to know how each component affects the 
flow of electricity and interacts with others in a circuit. The design process involves 
careful planning, creating a circuit diagram, and choosing the right components to 
achieve the desired outcome. Here are the key steps and considerations in the design 
process.
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Steps in Designing Electronic Circuits 
1.	 Define the Purpose and Requirements 

a.	 Start by figuring out what you want the circuit to do, like making a signal 
stronger, controlling voltage, or turning something on and off.

b.	 Decide how the circuit will work, such as the voltage, current, and frequency it 
must take as input and output.

2.	 Select Components 
a.	 Resistors: Control current flow and divide voltages. 
b.	 Capacitors: Store and release energy, filter signals, and stabilise voltage. 
c.	 Inductors: Store energy in a magnetic field, filter signals, and provide impedance. 
d.	 Diodes: Allow current to flow in one direction only, used for rectification and 

protection. 
e.	 Transistors: Amplify or switch electronic signals. 
f.	 Operational Amplifiers: Used for amplification, filtering, and other analogue 

signal processing. 
g.	 Microcontrollers (e.g., Arduino): Control digital operations and interface with 

sensors and actuators. 
h.	 Relays: Electrically operated switches are used to control high-power devices. 
i.	 Sensors/transducers (e.g., LDRs, IR sensors): Detect and convert environmental 

changes into electrical signals. 
j.	 Actuators (e.g., motors, LEDs): Convert electrical signals into physical actions. 

3.	 Create a Schematic Diagram 
a.	 Draw the circuit using CAD tools (e.g., Proteus, LTspice, Circuit Lab). 
b.	 Connect components logically according to their roles. 

4.	 Simulate the Circuit 
a.	 Use simulation tools to test the circuit’s behaviour. 
b.	 Identify and correct issues (e.g., incorrect voltage levels, unexpected current 

flow). 

5.	 Prototype the Circuit 
a.	 Build the circuit on a breadboard or a prototyping board. 
b.	 Test the physical prototype to ensure it meets the design specifications. 

6.	 Optimise and Finalise the Design 
a.	 Make any necessary adjustments to improve performance. 
b.	 Design a PCB (Printed Circuit Board) for the final product if needed. 
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Practical Examples 

Creating circuits for power supply systems, astable multivibrators, and basic water 
level indicators requires understanding the needs of each project and how different 
electronic components work. Here’s an overview of how you can approach designing 
each of these circuits: 

1. Power Supply Circuit 
A simple regulated power supply can be designed using a transformer, bridge rectifier, 
filter capacitor, and voltage regulator IC. 

Components
a.	 Transformer (e.g., 230V to 12V step-down) 
b.	 Bridge rectifier (e.g., 1N4007 diodes) 
c.	 Filter capacitors (e.g., C1= 2200µF, C2=330nF, C3= 100nF) 
d.	 Voltage regulator IC (e.g., 7809 for 9V output) 
e.	 LEDs (optional for power indication) 

Steps
a.	 Step-Down Transformer: Use the transformer to step down the AC mains 

voltage to a lower AC voltage (e.g., 9V or 12V AC). 
b.	 Bridge Rectifier: Convert the AC voltage to pulsating DC using the bridge 

rectifier. 
c.	 Filter Capacitor: Smooth the pulsating DC using the filter capacitor. 
d.	 Voltage Regulator: Regulate the smoothed DC voltage to a stable output voltage 

using the voltage regulator IC. 

Circuit Diagram

Figure 4.1: A Circuit diagram of DC Power Supply
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2. Design an astable multivibrator 
Designing an LED blinking circuit using transistors like the BC548B involves creating 
an astable multivibrator circuit. This circuit uses two transistors to switch the LED on 
and off alternately, creating the blinking effect. 

Components Needed 
a.	 Transistors: 2 x BC548B NPN transistors 
b.	 LEDs: 2 x LEDs (any colour) 
c.	 Resistors: R1, R4: 22 kΩ R2, R3: 1 kΩ 
d.	 Capacitors: C1, C2: 100µF (electrolytic) 
e.	 Power Supply: 9V to 12V battery 
f.	 Breadboard: For prototyping the circuit 
g.	 Connecting Wires: For making connections on the breadboard 

Steps to Design the Circuit 
Understand the Circuit
The astable multivibrator circuit has no stable state; it continuously oscillates between 
two states, causing the LEDs to blink alternately. 

Circuit Diagram

Figure 4.2: A circuit diagram of an astable multivibrator

Connections
a.	 Transistor Connections

i.	 Connect the collector of the first BC548B transistor (Q1) to the positive rail 
of the power supply through a 1 kΩ resistor (R3). 

ii.	 Connect the emitter of Q1 to the ground. 



127

ELECTRICAL AND ELECTRONIC CIRCUIT SECTION 4

iii.	Connect the collector of the second BC548B transistor (Q2) to the positive 
rail of the power supply through another 1 kΩ resistor (R2). 

iv.	 Connect the emitter of Q2 to the ground. 

b.	 Base Connections

i.	 Connect the base of Q1 to the positive power supply rail through a 22 kΩ 
resistor (R4). 

ii.	 Connect the base of Q2 to the positive rail of the power supply through 
another 22 kΩ resistor (R1). 

c.	 Capacitor Connections

i.	 Connect a 100 µF capacitor (C2) between the collector of Q2 and the base of 
Q1, ensuring the correct polarity (negative terminal to the base of Q1). 

ii.	 Connect another 100 µF capacitor (C1) between the collector of Q1 and the 
base of Q2, ensuring the correct polarity (negative terminal to the base of 
Q2). 

d.	 Power Supply

i.	 Connect the power supply’s positive terminal to the breadboard’s positive 
rail. 

ii.	 Connect the power supply’s negative terminal to the breadboard’s ground 
rail. 

e.	 Testing the Circuit 

i.	 Power Up: Connect the power supply to the circuit. 
ii.	 Observe the LEDs: The LEDs should start blinking alternately. The blinking 

frequency depends on the values of the capacitors C1 and C2 and the 
resistors R1 and R2. 

f.	 Adjusting the Blink Rate 
The frequency (f) of the blinking LEDs in an astable multivibrator circuit can be 
approximated using the formula: f= 1.44 / (R1+2R2) C. 
Where R is the resistance in ohms, and C is the capacitance in farads. By changing 
the values of the resistors and capacitors, you can adjust the blink rate of the LEDs. 

3. Simple Water Level Indicator 

Components
a.	 Two probes (e.g., metal rods) 
b.	 NPN Transistor (e.g., 2N2222) 
c.	 Resistor (1 kΩ) 
d.	 LED 
e.	 Battery (9V) 
f.	 Breadboard and jumper wires 
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Circuit Diagram

Figure 4.3: A picture of the electrical circuit of the water tank indicator circuit.

How it Works
a.	 Probes: Placed at the desired water level. 
b.	 NPN Transistor: Acts as a switch. 
c.	 Resistor (1 kΩ): Limits current to the base of the transistor. 
d.	 LED: Indicates water level. 

Operation
1.	 When water connects the probes, a small current flows from Probe 1 to Probe 2. 
2.	 This small current is enough to turn on the NPN transistor. 
3.	 The transistor allows current to flow from the collector to the emitter, lighting up 

the LED. 

Building the Circuits
a.	 Place the transistor, resistor, and LED on the breadboard. 
b.	 Connect the transistor’s collector to the LED’s positive terminal. 
c.	 Connect the transistor emitter to the battery’s negative terminal. 
d.	 Connect one probe to the base of the transistor through the resistor. 
e.	 Connect the other probe to the battery’s positive terminal. 
f.	 When water connects the probes, the LED will light up. 

4. Motion-activated Light 

Components
a.	 PIR (Passive Infrared) sensor 
b.	 Transistor (NPN) 
c.	 Resistor (10kΩ) 
d.	 Relay 
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e.	 Diode (1N4007) 
f.	 LED 
g.	 Power source 

Circuit Diagram

Figure 4.4: A picture of the electrical circuit of motion sensor light switch

a.	 Connect the output pin of the PIR sensor to the base of the NPN transistor 
through a 1kΩ resistor. 

b.	 Connect the collector of the transistor to the negative terminal of the relay coil. 
c.	 Connect the emitter of the transistor to the ground. 
d.	 Connect the positive terminal of the relay coil to the power source. 
e.	 Place a diode across the relay coil to protect against back EMF. 
f.	 Connect the relay’s NO contact to the LED and the power source. 

Explanation

When the PIR sensor detects motion, it outputs a high signal, allowing current to flow 
through the base of the transistor, turning it on. 

This activates the relay, closing the NO contact and turning on the LED

Activity 4.7 Understanding How a Bridge Rectifier Converts AC to DC

Objective: You will understand the working principle of a bridge rectifier and 
how it converts AC to DC.

Materials Needed

•	 Transformer (12V AC output)
•	 Bridge rectifier (Diode set: 1N4007)
•	 Resistors
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•	 Oscilloscope/Multimeter
•	 Breadboard and connecting wires

Steps

1.	 Form into a small group with your classmates.
2.	 In a group discussion explain the purpose of a bridge rectifier in converting 

AC to DC.
3.	 Demonstrate the rectification process using an oscilloscope to observe AC 

and rectified DC waveforms.
4.	 Connect a bridge rectifier circuit on a breadboard.
5.	 Measure the input (AC) and output (DC) voltages.

Discussion Points

a.	 Why does the rectified output have ripples?
b.	 How does the polarity of diodes affect the rectification process?
c.	 What happens if one diode fails in a bridge rectifier?

Activity 4.8 Brainstorming the Role of a Filter Capacitor in a Power 
Supply Circuit

Objective: You will explore the importance of a filter capacitor in 
smoothing the rectified DC voltage.

Materials Needed
•	 Bridge rectifier circuit
•	 Electrolytic capacitor (1000µF, 25V)
•	 Multimeter/Oscilloscope

Steps

1.	 In your small group, build a bridge rectifier circuit without a capacitor 
and observe the output.

2.	 Add a filter capacitor and note changes in the waveform.
3.	 Compare the ripple voltage with and without the capacitor.

Discussion Points

a.	 Why is the output not pure DC without a capacitor?
b.	 How does the capacitor’s value affect the filtering?
c.	 What happens when the capacitor is faulty?
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Activity 4.9 Understanding the Role of a Voltage Regulator in a Power 
Supply Circuit

Objective: You will learn the function of a voltage regulator in maintaining a 
stable DC voltage.

Materials Needed

•	 7805 (5V) or 7812 (12V) voltage regulator
•	 Power supply circuit
•	 Multimeter

Steps

1.	 In your group explain the need for stable voltage in circuits.
2.	 Add a voltage regulator to the rectifier-filter circuit.
3.	 Measure and compare voltage before and after the regulator.

Discussion Points

a.	 Why do some circuits require voltage regulation?
b.	 What happens if a regulator fails?
c.	 Why are heat sinks sometimes used with regulators?

Activity 4.10 Designing a 9V Power Supply Circuit

Objective: You will design a 9V regulated power supply using a transformer, 
bridge rectifier, filter capacitor, and voltage regulator.

Materials Needed

•	 Transformer (12V AC)
•	 Bridge rectifier
•	 Filter capacitor (1000µF, 25V)
•	 Voltage regulator (7809)
•	 Breadboard and components

Steps

1.	 Think, pair, and share ideas on how to design the circuit.
2.	 Assemble and test the circuit.
3.	 Use a multimeter to confirm output voltage stability.

Discussion Points

a.	 How does each component contribute to power supply stability?
b.	 Why use 9V instead of unregulated DC?
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Activity 4.11 Exploring the Astable Multivibrator

Objective: You will understand how an astable multivibrator generates 
continuous square waves.

Materials Needed
•	 Transistors (BC547 or 2N3904)
•	 Resistors, capacitors
•	 LED indicators
•	 Breadboard and connecting wires

Steps
1.	 In your group, differentiate between astable, monostable, and bistable 

multivibrators.
2.	 Construct an astable multivibrator circuit.
3.	 Observe the LEDs flashing alternately.

Discussion Points
a.	 What real-life applications use astable multivibrators?
b.	 Why does the circuit continuously switch states?

Activity 4.12 Understanding the Importance of a Water Level Indicator

Objective: You will explore how water level indicators prevent water 
wastage.

Materials Needed

•	 Water container
•	 Water level sensor
•	 LED and buzzer
•	 Power supply

Steps

1.	 In your group, explain the role of water level indicators.
2.	 Set up the circuit.
3.	 Test the circuit by changing water levels.

Discussion Points

a.	 How can this system help save water?
b.	 What improvements could be made to the design?
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THE USE OF CAD TOOLS FOR THE DESIGN AND 
ANALYSIS OF SIMPLE ANALOGUE ELECTRONIC 
CIRCUITS
Using CAD Tools to Design and Analyse Electronic 
Circuits
Designing and analysing simple analogue electronic circuits with CAD tools involves 
multiple steps. Below is an introductory guide to three widely used CAD tools: Proteus, 
CircuitLab and LTspice. To help introduce you to CAD tools, we will demonstrate the 
creation and simulation of a simple voltage divider circuit to power a 12.0 V, 10 Ohms 
Lamp from a 36.0 V D.C. supply. To get the 12.0 V out of the 36.0 V supply, we can use 
two resistors of values 10.0Ω and 10.0Ω, respectively. We will also include an ammeter to 
measure the current through the lamp and a voltmeter to measure the voltage across the 
lamp.

1.	 Proteus 
Designing a Circuit in Proteus 
a.	 Launch Proteus: Open the Proteus software on your computer. As shown 

in Figure 4.5, the interface provides you with relevant information. You can 
explore a little bit before continuing.

NB: If you do not have Proteus installed, you can download it from https://www.
labcenter.com/pcb/ and use the installation wizard to install it. 

Figure 4.5: An image of the proteus interface.

https://www.labcenter.com/pcb/
https://www.labcenter.com/pcb/
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b.	 Create a New Project: Select “New Project” from the file menu as shown 
in Figure 4.5 and follow the wizard to set up your project. This will open the 
“Schematic Capture” mode, as shown in Figure 4.6.

Figure 4.6: The file menu showing the ‘New Project” item.

NB: The proteus interface provides various tools for designing and simulating your 
design. There are view tools, edit tools, design tools and simulation tools. 

Figure 4.7: The Schematic Capture showing various tools for designing and simulating circuits.

b.	 Schematic Capture

i.	 Switch to Schematic Capture mode by selecting it from the Proteus interface 
to create the circuit diagrams.

ii.	 Open the pick component library by clicking the “P” button to search for 
and add components, such as resistors, batteries, and lamps, to the devices 
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list pane. Then, place them onto the schematic workspace, as shown in 
Figure 4.8.

iii.	Use the Wire tool to connect the component terminals by left-clicking the 
corresponding terminals to form the necessary electrical connections as 
shown in Figure 4.9. 

Figure 4.8: An image of the Schematic Capture with components arranged on it.

Figure 4.9: An image of the schematic capture with a connected circuit.
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c.	 Simulation Setup

i.	 Insert a ground reference from the component library and include appropri-
ate power sources, such as DC or AC supplies, as required for the circuit.

ii.	 Attach probes or place virtual instruments, such as oscilloscopes or 
voltmeters, to monitor and measure key circuit parameters during the 
simulation, as shown in Figure 4.9.

d.	 Run Simulation: Click the “Run” button to start the simulation and observe the 
behaviour of your circuit. Figure 4.10 shows the simulation with the Ammeter 
and Voltmeter readings.

NB: You can change the background colour by clicking on the “Template” menu, 
selecting “Set Design Colours”, and changing the “Paper Colour” to white.

Figure 4.10: Simulated circuit showing the values of the current and the voltage in the 

e.	 Analysing the Circuit 

i.	 Monitor Outputs: Use the virtual instruments to measure voltage, current, 
and other parameters. 

ii.	 Adjust Parameters: Modify component values and observe the changes in 
the circuit behaviour. You can set the parameter values for a component by 
double-clicking it and using the dialogue box. 

iii.	Troubleshoot: Identify and fix any issues in the circuit based on the 
simulation results. 
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1.	 CircuitLab 

Designing a Circuit in CircuitLab 
a.	 Access CircuitLab: Access CircuitLab by visiting www.circuitlab.com on your 

web browser. There is no need to download or install.

NB: You may need to create an account with CircuitLab to use it.

Figure 4.11: The welcome to CircuitLab interface.

Start a New Design: Click “File” in the top menu, as shown in Figure 4.12. Select 
“New” from the dropdown menu to open a blank workspace for your circuit design.

Figure 4.12: The circuit lab interface showing the file menu.

http://www.circuitlab.com
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b.	 Add Components

i.	 Use the toolbar on the left to browse for components like resistors, LEDs, 
switches, and power sources, and add your desired components to the 
canvas by left-clicking on them and left-clicking where you want to place 
them on the canvas.

ii.	 Add a ground node to establish a reference point for the circuit. This is 
essential for it to function correctly. Figure 4.13 shows the components 
placed on the canvas.

Figure 4.13: The CircuitLab interface showing some components.

iii.	Connect the components using the wire tool or by clicking on terminals and 
dragging them to establish the required connections.

NB: You can change or configure the parameters of a particular component by double-
clicking on it and using the dialogue box. You can zoom in or zoom out. A selected 
component is red, so you can rotate it using the letter R on your keyboard.
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Figure 4.14: The CircuitLab interface showing a connected circuit.

c.	 Simulation Setup

i.	 Open the RUN menu (see Figure 4.15) or click the simulate button to choose 
the desired analysis type (in this case, select DC).

Figure 4.15: The CircuitLab interface showing the simulation options.
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Analysing the Circuit 
a.	 Run Simulation: Click the “Simulate” button to execute the configured 

analysis and begin the simulation.
b.	 Observe Outputs: View the simulation results, such as voltages and currents, 

displayed graphically in the plot window.
c.	 Modify and Re-simulate: Adjust component values or connections as needed 

and re-run the simulation to observe the effects on circuit behaviour.

2.	 LTspice 
Designing a Circuit in LTspice 
a.	 Launch LTspice by opening the application from your computer’s programs or 

using a desktop shortcut. 
b.	 Create a new schematic by navigating to “File”-> “New Schematic” in the 

menu bar or simply clicking the New Schematic icon on the toolbars to access 
the workspace for circuit design. 

c.	 Add Components
i.	 Click the “Component” button (symbolised by a gate icon) or from the 

“Edit” menu to browse the library and place desired components onto the 
schematic. Alternatively, you can pick some commonly used elements from 
the top bar.

ii.	 Use the wire tool to connect the terminals of components by clicking and 
dragging between them. 

d.	 Set Up Simulation
i.	 Insert voltage sources and a ground node by selecting them from the 

component library.
ii.	 Configure the simulation type by selecting the “. op” button and choosing 

the desired analysis mode, such as transient, AC sweep, or DC operating 
point. 

e.	 Run Simulation by clicking the “Run” button (a running man icon) to execute 
the configured analysis and observe the results.

Analysing the Circuit 
a.	 View Results: Open the waveform viewer by clicking on circuit nodes or 

components to display simulation results such as voltages, currents, or power.
b.	 Parameter Sweep: Configure a parameter sweep to explore how variations 

in component values, such as resistor or capacitor sizes, impact the circuit’s 
performance.

c.	 FFT Analysis: Perform a Fast Fourier Transform (FFT) to analyse the circuit 
in the frequency domain, providing insights into harmonics, noise, or signal 
distortion as required.
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Tips for Effective Use of CAD Tools 
a.	 Learn the Interface: Familiarise yourself with the layout and functionality of 

Proteus, CircuitLab or LTSpice to improve efficiency and accuracy. 
b.	 Component Libraries: Take advantage of the extensive component libraries to 

quickly find and use standard and specialised components. 
c.	 Documentation and Tutorials: Use the official documentation and online 

tutorials to explore advanced features and gain valuable tips.
d.	 Save Regularly: Save your circuit designs frequently to prevent losing progress 

in case of a system error or crash. 
e.	 Experiment: Explore different circuit configurations and component 

combinations to enhance your understanding of electronic design principles. 

Examples: Use CAD tools to design and analyse the following circuits 

6.	 D.C Power Supply

Figure 4.16: A picture of D.C Power Supply simulation in Proteus

7.	 Astable Multivibrator

Figure 4.17: A picture of An Astable Multivibrator simulation in Proteus
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8.	 Simple Water Level Indicator

Figure 4.18: A picture of a Simple Water Level Indicator simulation in Proteus

Activity 4.13 Proteus for beginners

1.	 Watch videos on proteus for beginners from the links below

a.	 https://youtu.be/Oo_2J2traQc?si=vllCdB0VH0pm7v3L
b.	 https://youtu.be/tYDsZu7pW2U?si=NF5F03GWGM5Z-ERi

  

c.	 https://youtu.be/TWcUqqos1Po?si=SjgP9bBgozYKNi9L
d.	 https://youtu.be/0KsJfP74OKQ?si=sjbUYcCqRK6LnHY7

   

Activity 4.14

Join a classroom discussion with your teacher and classmates to appreciate the 
purpose of using CAD tools in electronic circuit design

https://youtu.be/Oo_2J2traQc?si=vllCdB0VH0pm7v3L
https://youtu.be/tYDsZu7pW2U?si=NF5F03GWGM5Z-ERi
https://youtu.be/TWcUqqos1Po?si=SjgP9bBgozYKNi9L
https://youtu.be/0KsJfP74OKQ?si=sjbUYcCqRK6LnHY7
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Activity 4.15 Basic Circuit Design Using Proteus CAD Software

Objective:  To familiarise yourself with CAD tools for creating basic circuit 
diagrams.

Materials Needed

•	 Access to Proteus CAD software 
•	 Computers with internet access
•	 Sample circuit diagrams for reference.

Steps

1.	 Start by exploring the tutorial section of the CAD software. Familiarise 
yourself with basic features like placing components, wiring, and saving 
your designs.

2.	 Create a simple analogue circuit diagram using the CAD tool. For example, 
design a basic LED circuit with a switch and a resistor.

3.	 Drag and drop the required components from the software’s library into your 
workspace. Connect them correctly using the wire tool, ensuring your design 
matches the circuit diagram.

4.	 Save your completed design. Write a brief report explaining the purpose and 
function of each component in your circuit.

5.	 Share your design with your group. Provide and receive constructive 
feedback on the circuit diagrams’ accuracy, functionality, and clarity.

Discussion Points

a.	 What challenges did you encounter while using the CAD software?
b.	 How did you ensure that your circuit was properly designed and 

functional?

Activity 4.16 Simulating a Circuit in LTSpice CAD

Objective: To analyse and simulate a designed circuit using LTSpice CAD tools 
to observe its behaviour.

Materials Needed
•	 Computers with LTSpice CAD software that includes simulation 

capabilities 

•	 Pre-designed circuit schematics for simulation of a basic RC (resistor-
capacitor) circuit.

Steps
1.	 Your teacher will provide you with a pre-designed circuit schematic (e.g., a 

series resistor-capacitor (RC) circuit).
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2.	 Import the circuit into the CAD tool and modify component values (e.g., 
changing resistor or capacitor values) to see how it affects the circuit’s 
behaviour.

3.	 Using the simulation feature, observe voltage and current at various points 
in the circuit, generating graphs and data.

4.	 Analyse the simulation results, noting how changes in component values 
influenced the circuit performance.

5.	 Prepare a presentation summarising their circuit analysis, including graphs 
and key observations from the simulation.

Discussion Points

a.	 How did the simulation results compare to your theoretical 
expectations?

b.	 What insights did you gain from modifying component values?

Activity 4.17 Designing a Printed Circuit Board (PCB)

Objective: To design a PCB layout using CAD software and understand PCB 
design principles.

Materials Needed

•	 Access to PCB design software (e.g., Eagle, KiCAD, or EasyEDA)
•	 Computers with internet access
•	 Circuit schematic for a simple PCB project

Steps

1.	 Begin by learning about the basics of PCB design, including component 
placement, routing traces, and the significance of layout design for 
functionality.

2.	 Your teacher will supply a simple circuit schematic (e.g., a light switch 
circuit with an LED) for you to convert into a PCB layout using the CAD 
tool.

3.	 Arrange the components on the PCB layout while ensuring optimal spacing 
and connection points.

4.	 Route the connections between components, considering best practices for 
trace width and layout efficiency.

5.	 Export your PCB design files and present their layouts to the class, 
discussing design choices and potential real-world applications.

Discussion Points

a.	 What factors influenced your component placement on the PCB?
b.	 How did you ensure that your design would be functional and 

manufacturable?
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Activity 4.18 Collaborative Circuit Design Project

Objective: To collaboratively design a complex circuit using CAD tools while 
focusing on teamwork and project management.

Materials Needed

•	 Access to CAD software for circuit design
•	 Computers with internet access
•	 Project management tools (optional, e.g., Trello or Google Docs)

Steps

1.	 Form a small group with your classmates and pick as a group a project to 
design a more complex circuit (e.g., an electronic game circuit with lights 
and sounds).

2.	 You and your group should research your project, discussing component 
requirements and overall functionality. You should create a project timeline 
and assign roles within the group.

3.	 Collaborate with your group to design your circuit using CAD software, 
ensuring all team members contribute.

4.	 Use simulation features to assess your designs’ functionality, adjusting as 
necessary.

5.	 Present your circuit design and simulation results, discussing their design 
process and any challenges you faced during the project.

Discussion Points

a.	 How did teamwork influence the design process?
b.	 What challenges did you encounter during collaboration, and how did 

you resolve them?

Activity 4.19 Analysing Circuit Performance with Simulation Tools

Objective: To analyse various circuits’ performance using CAD software 
simulation tools.

Materials Needed

•	 Access to CAD simulation software (e.g., Multisim, LTSpice, or Proteus)
•	 Computers with internet access
•	 Various circuit designs for analysis

Steps

1.	 Your teacher will provide you with a unique circuit schematic (e.g., RC 
circuits, RLC circuits, or amplifier circuits).

2.	 Import your chosen circuits into the simulation software and configure 
parameters for simulation (e.g., frequency inputs, voltage sources).
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3.	 Run the simulations, observing key performance metrics such as voltage, 
current, frequency response, and power dissipation.

4.	 Compare the performance of different circuit designs, discussing which 
configurations yield better results and why.

5.	 Prepare a report or presentation summarising your findings, including 
simulation results and comparisons.

Discussion Points

a.	 What performance metrics were most critical for your circuit’s 
effectiveness?

b.	 How did the simulation help understand the circuit’s behaviour under 
different conditions?

Additional Reading Materials 
3.	 “Electronic Devices and Circuit Theory” by Robert L. Boylestad and Louis Nashelsky 
4.	 “Electrical and Electronic Principles and Technology” by John Bird
5.	 “Analog Design Essentials” by Willy Sansen
6.	 “Practical Electronics for Inventors” by Paul Scherz and Simon Monk
7.	 “LTspice for Linear Circuits” by Gilles Brocard
8.	 “Make: Analogue Synthesisers” by Ray Wilson
9.	 Hacker, M, Barden B., Living with Technology, 2nd edition. Albany, 

NY: Delmar Publishers, 1993.
10.	(PDF) Action Research as ‘Systematic Investigation of 

Experience’. Available from: https://www.researchgate.net/
publication/315468164_Action_Research_as_’Systematic_
Investigation_of_Experience’ [accessed Jun 19, 2024].

https://www.researchgate.net/publication/315468164_Action_Research_as_'Systematic_Investigation_of_Experience'
https://www.researchgate.net/publication/315468164_Action_Research_as_'Systematic_Investigation_of_Experience'
https://www.researchgate.net/publication/315468164_Action_Research_as_'Systematic_Investigation_of_Experience'
https://www.researchgate.net/publication/315468164_Action_Research_as_'Systematic_Investigation_of_Experience'
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Review Questions 

1.	 What is the function of a resistor in an electronic circuit?

2.	 How does a capacitor work, and where might you find one in a circuit?

3.	 What role does a diode play in a circuit?

4.	 What is a transistor, and why is it important in electronics?

5.	 How does an inductor function, and in what applications is it typically used?

6.	 Why is selecting the correct resistor values important when designing a circuit?

7.	 How do capacitors help stabilise voltage in a circuit, and where might you use 
them?

8.	 What factors should you consider when placing components on a circuit 
board?

9.	 Why must a prototype circuit be tested before finalising the design?

10.How does a transistor function as a switch in a circuit, and why might you use 
it in a design?

11.What are the advantages of using CAD tools for designing electronic circuits 
over traditional paper-based methods?

12.How do simulation features in CAD tools help in analysing circuits before 
building them physically?

13.What is a schematic capture in CAD tools, and why is it important in circuit 
design?

14.How does CAD software assist in PCB (Printed Circuit Board) layout design, 
and what are the benefits?

15.Why is it essential to perform a Design Rule Check (DRC) in CAD tools, and 
how does it help ensure the quality of the final circuit?
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ENERGY SYSTEMS
Renewable Energy Systems

Introduction 
This section introduces the key functions of the basic components in photovoltaic (PV) 
and solar thermal systems and the operation, maintenance, design, and installation of 
these systems. You will explore how PV systems capture sunlight and convert it into 
electrical energy using semiconductor materials. They will gain an understanding of 
the roles of various components within the PV system, such as solar energy capture, 
conversion to usable electrical power, optional storage, and distribution to electrical 
loads or the grid. Additionally, you will recognise the importance of regular maintenance 
and prompt troubleshooting to optimise the efficiency and reliability of solar energy 
systems.  Functions of the basic components of photovoltaic and solar thermal systems 

Key ideas 

•	 Photovoltaic systems consist of solar panels, inverters, batteries (optional), charge 
controllers, and mounting systems, which work together to convert sunlight into usable 
electricity. In contrast, solar thermal systems include solar collectors, heat transfer 
fluids, storage tanks, and circulation pumps, designed to capture and utilise solar energy 
for heating applications.

•	 Photovoltaic systems generate and manage electricity by using solar panels to produce DC 
power, inverters to convert it to AC, batteries for energy storage, and charge controllers 
to regulate power flow. Solar thermal systems capture and use heat through solar 
collectors, storage tanks to retain thermal energy, and circulation pumps to distribute 
heat for various applications.

•	 Efficient operation and maintenance of photovoltaic and solar thermal systems involve 
cleaning panels or collectors regularly, inspecting for damage, monitoring performance 
with meters or controllers, and replacing faulty components like inverters, pumps, or 
storage tanks when necessary.

•	 Designing and installing simple photovoltaic and solar thermal systems involves 
assessing energy needs, selecting appropriately sized components, ensuring optimal 
placement for solar exposure, and adhering to safety and installation standards for 
efficient performance.
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BASIC COMPONENTS OF PHOTOVOLTAIC AND 
SOLAR SYSTEMS
Essential Components of Photovoltaic (PV) 
Systems 
1.	 Solar Panels (PV Modules): Convert sunlight into direct current (DC) electricity.

2.	 Inverters: Convert DC electricity into alternating current (AC) electricity for use in 
homes or businesses.

3.	 Mounting Systems: Hold the solar panels in place at an optimal angle for sunlight 
exposure.

4.	 Charge Controllers: Regulate the flow of electricity to prevent overcharging of 
batteries. 

5.	 Batteries: Store excess electricity for use when sunlight is unavailable.

6.	 Combiner Boxes: Combine the outputs from multiple solar panels into one 
connection. This makes it easier to manage and protect the system. They also 
contain circuit breakers or fuses to protect against overloads or short circuits.

7.	 Disconnect Switches: Safety devices that cut off the solar system from the electrical 
grid or other system parts. This ensures safe maintenance or repairs can be done 
without electricity flowing.

8.	 Cabling and Wiring: These are the electrical cables that connect all parts of a PV 
system, like the solar panels, inverters, batteries, and the grid. Good wiring ensures 
safe and efficient electricity flow in the system. 

9.	 Monitoring Systems: They are used to track how well the photovoltaic system is 
working. They provide real-time data on energy production, system health, and 
efficiency, often using software, sensors, and data loggers to give feedback and 
alerts.

Basic Components of Solar Thermal Systems 
1.	 Solar Collectors: Absorb sunlight and convert it into heat.

2.	 Heat Transfer Fluid: Carry the heat from the collectors to the storage system.

3.	 Heat Exchangers: Transfer heat between two fluids without them mixing. Solar 
thermal systems move heat from the solar collectors to the heat transfer fluid, which 
heats water or other fluids. This helps efficiently distribute the collected solar heat 
to where it is needed.

4.	 Storage Tanks: Store the heated fluid or hot water for later use.

5.	 Pumps: They circulate fluids, such as water or heat transfer fluids, through a solar 
thermal system to move heat from the collectors to the storage tank or other parts 
of the system.
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6.	 Controllers: They manage and regulate the operation of the solar thermal system. 
They monitor temperature and other conditions to ensure the system runs efficiently, 
adjusting fluid flow when needed.

7.	 Expansion Tanks: They are used in solar thermal systems to absorb excess pressure 
caused by the expansion of heated fluid. This helps prevent damage to pipes and 
other components.

8.	 Piping and Insulation: Piping carries the heat transfer fluid through the system. 
Insulation is used around pipes to reduce heat loss and keep the fluid at the right 
temperature as it moves through the system.

9.	 Valves and Fittings: Valves control the flow of fluids in the system, while fittings 
connect various pipes and components. Both are essential for the proper operation 
and maintenance of the system.

10.	Temperature Sensors and Gauges: Temperature sensors measure the heat in the 
system, while gauges display this information, allowing users to monitor the 
system’s performance and ensure it operates within the desired temperature range.

11.	Backup Heating Systems: These are additional heat sources, such as electric or gas 
heaters, that can be used when the solar thermal system cannot provide enough 
heat, ensuring a consistent supply of hot water or space heating.

Activity 5.1 Photovoltaic and solar thermal systems

Watch this video on photovoltaic and solar thermal systems

https://youtu.be/_63nFqe1_dc?si=Eb_uArKKFeezsSxh

Activity 5.2 Identifying PV System Components

Objective: Familiarise yourself with the primary components of a photovoltaic 
system.

Materials: Sample PV module, inverter, battery, charge controller, and cables.

Steps

1.	 Draw a diagram of a typical photovoltaic (PV) system on a flip chart or 
similar.

2.	 Look at the physical samples or images of the components your teacher has 
given to you.

3.	 Match each component with its function and label them correctly on the 
diagram.

https://youtu.be/_63nFqe1_dc?si=Eb_uArKKFeezsSxh
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Questions

a.	 What is the primary function of a photovoltaic (PV) cell?
b.	 What are the main materials used in the construction of PV cells?
c.	 What is the role of the inverter in a PV system?
d.	 How does the charge controller protect the battery?

Activity 5.3 Component Comparison: PV vs. Solar Thermal Systems

Objective: Differentiate between the components of photovoltaic and solar 
thermal systems.

Materials: Diagrams of PV and solar thermal systems, fact sheets on 
components (solar panels, collectors, inverters, storage tanks).

Steps

1.	 Your teacher will present you with Solar PV and Solar Thermal Systems 
diagrams.

2.	 Form a small group with your classmates. Your teacher will assign a system 
to your group.

3.	 Work together to study the diagrams and identify the key components, 
ensuring an understanding of their functions.

4.	 Present your group’s findings to the class and compare the system you 
worked on with the others.

Questions

a.	 How do the functions of solar PV differ from that of the solar thermal 
systems?

b.	 Why is energy storage necessary in both systems?

Activity 5.4 Identifying Components of a Solar Thermal System

Objective: Recognise and understand the basic components of a solar thermal 
system.

Materials: Diagrams, mock-ups or physical components (solar collector, storage 
tank, pump, piping, control system).

Steps
1.	 Your teacher will display a diagram of a solar thermal system.
2.	  Get into groups and work with the labelled components (physical models or 

images) provided.
3.	 Match each component to its function and place it correctly on the system 

diagram.
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4.	 Discuss the importance of each component within the system, highlighting 
how it contributes to the overall functionality.

Questions

a.	 What is the role of the solar collector in a thermal system?
b.	 Why is a pump needed in some systems?

Activity 5.5 Assembling and Testing a Simple PV System

Objective: Learn how to assemble and test a basic photovoltaic system.

Materials: Small PV panel, battery, charge controller, LED light, wires, 
connectors, Screwdrivers, wire strippers, and multimeter.

Steps

1.	 Review the components and explain their roles.
2.	 Follow the step-by-step below to connect and test the panel, charge 

controller, battery, and LED light.

a.	 Understand the Components and Safety Guidelines
•	 Identify each component: PV panel, charge controller, battery, and 

load device.
•	 Ensure all components are compatible (voltage and capacity).
•	 Follow safety precautions to avoid short circuits or incorrect wiring.

b.	 Connect the Charge Controller to the Battery
•	 Identify the battery terminals on the charge controller (marked as 

“+” and “-”).
•	 Connect the battery’s positive terminal to the charge controller’s 

positive terminal using appropriate wires.
•	 Connect the battery’s negative terminal to the charge controller’s 

negative terminal.

c.	 Connect the PV Panel to the Charge Controller
•	 Locate the PV input terminals on the charge controller.
•	 Connect the positive terminal of the PV panel to the positive PV 

input on the charge controller.
•	 Connect the negative terminal of the PV panel to the negative PV 

input on the charge controller.

d.	 Connect the Load to the Charge Controller
•	 Identify the load output terminals on the charge controller.
•	 Connect the positive terminal of the load (e.g., an LED light) to the 

positive load terminal on the charge controller.
•	 Connect the negative terminal of the load to the negative load 

terminal on the charge controller.



154

RENEWABLE ENERGY SOURCESSECTION 5

e.	 Test the PV System
•	 Place the PV panel under sunlight or a simulated light source.
•	 Use a multimeter to measure: 

	» Voltage and current from the PV panel.
	» Battery charge status (verify if it’s charging).
	» Output at the load (check if the LED light or fan works).

f.	 Monitor and Evaluate Performance
•	 Observe the system for a few minutes to ensure it operates steadily.
•	 Discuss how changing the light intensity or angle of the PV panel 

affects the performance.
Questions

a.	 What happens if the connections are reversed?
b.	 How does the charge controller protect the battery?

Functions of photovoltaic and solar systems 
components
Functions of Basic Components of Photovoltaic (PV) Systems 

1.	 Solar Panels (PV Modules)
Function: They capture sunlight and convert it into direct current (DC) electricity 
using photovoltaic cells made of semiconductor materials like silicon.

Figure 5.1: A picture of Photovoltaic Modules on a roof

2.	 Inverters
Function: Convert the DC electricity generated by solar panels into alternating 
current (AC) electricity, which is used by most household appliances and fed into 
the electrical grid.
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Figure 5.2: A picture of an inverter connected to a PV module

3.	 Mounting Systems 
Function: Secure solar panels in place, ensuring they are positioned at the correct 
angle and orientation for maximum exposure to sunlight.

Figure 5.3: A picture of the PV module mounting system

4.	 Charge Controllers
Function: Regulate the flow of electricity from the solar panels to the batteries, 
preventing overcharging and damage and ensuring efficient energy storage.

Figure 5.4: A picture of a charge controller
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5.	 Batteries
Function: Store excess electricity generated by the solar panels for later use, 
especially when sunlight is unavailable, such as at night or on cloudy days.

Figure 5.5: A picture of Photovoltaic batteries

6.	 Combiner Boxes
Function: Gather and combine the outputs of multiple solar panels or strings of 
panels into a single connection, making it easier to manage and protect the system. 
They usually include fuses or circuit breakers for safety.

Figure 5.6: A picture of circuit breakers in combiner boxes

7.	 Disconnect Switches 
Function:  Allow the user to safely disconnect parts of the solar energy system 
from the grid or each other, ensuring safe maintenance and repair work without 
risk of electrical flow.
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Figure 5.7: A picture of disconnect switches of a photovoltaic system

8.	 Cabling and Wiring
Function: They connect the different components of the PV system (solar panels, 
inverters, batteries, etc.), allowing for the safe transmission of electricity through 
the system.

Figure 5.8: A picture of photovoltaic wiring

9.	 Monitoring Systems
Function: Track the performance of the solar energy system, providing real-
time data on energy production, system health, and efficiency. This allows for 
performance optimisation and early detection of issues.
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Figure 5.9: A picture of a photovoltaic system monitoring device

Functions of Basic Components of Solar Thermal 
Systems 
1.	 Solar Collectors

Function: They capture solar energy and convert it into heat. There are two main 
types: flat plate collectors and evacuated tube collectors. They use solar radiation 
to heat a fluid, typically water or an antifreeze mixture, which is then used in the 
system for heating or electricity generation.

Figure 5.10: A picture of solar collectors on rooftop

2.	 Heat Transfer Fluid 
Function: The heat transfer fluid (HTF) circulates through the solar collectors, 
absorbing and transferring the heat to the heat exchanger or storage tanks. It is 
typically a mixture of water and antifreeze to prevent freezing in cold weather.
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3.	 Heat Exchangers
Function: Transfer heat from the heat transfer fluid to the water or air being 
heated. The two fluids do not mix. Instead, heat is transferred through a conductive 
surface. This component is essential in ensuring efficient energy transfer.

Figure 5.11: A picture of Heat Exchangers on a rooftop

4.	 Storage Tanks
Function: They hold the heated water or fluid for later use. They are crucial for 
maintaining a hot water supply, especially during low sunlight periods. Some 
systems use insulated tanks to minimise heat loss.

Figure 5.12: A picture of a storage tank connected to solar collectors in a building

5.	 Pumps
Function: Circulate the heat transfer fluid through the collectors, heat exchangers, 
and storage tanks. They ensure that the system remains operational by maintaining 
the flow of the fluid at the correct rate.
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Figure 5.13: A picture of a surface water pump

6.	 Controllers
Function: They regulate the operation of the solar thermal system. They monitor 
the temperature of the system and control pumps, valves, and other components to 
ensure optimal performance. For example, they may turn off the pump when the 
heat transfer fluid reaches the desired temperature.

7.	 Expansion Tanks
Function: They are used to accommodate the expansion of the heat transfer fluid 
as it heats up. They prevent damage to the system by absorbing the increased 
pressure when the fluid expands.

8.	 Piping and Insulation
Function: Piping connects the various components of the system, such as the solar 
collectors, storage tanks, and heat exchangers. Insulation is critical to minimise 
heat loss during the fluid’s journey through the pipes. Proper insulation helps 
maintain the efficiency of the system.

9.	 Valves and Fittings 
Function: Valves control the flow of fluid throughout the system, while fittings are 
used to connect different pipes or components. These ensure the safe and efficient 
movement of heat transfer fluid and allow for system maintenance or shutdown.

10.	Temperature Sensors and Gauges
Function: These devices measure the temperature of the fluid at various points in 
the system. Temperature readings help controllers manage the system and ensure 
it operates within safe and efficient temperature ranges.

11.	Backup Heating Systems
Function: Backup heating systems, such as electric or gas-powered heaters, are 
used to provide heating when the solar system is insufficient, particularly during 
periods of low sunlight or high demand. These systems ensure a reliable and 
continuous hot water supply.
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Activity 5.6 Watch a video on the components and functions of 
photovoltaic systems

https://youtu.be/ncDGqZeJLqE?si=2j-lN1q6VPpG9ctM

As you watch the video, answer the following questions

1.	 Mention four components of the photovoltaic systems.
2.	 Explain the functions of the components mentioned above.
3.	 How does the photovoltaic system work?

Activity 5.7 Watch a video on components of solar thermal systems

https://youtu.be/JsAdmpq8zTU?si=Wd0AoIo9dIqm9ZyW

As you watch the video, answer the following questions:

1.	 How is solar thermal energy different from photovoltaic 
energy systems?

2.	 Mention two types of solar thermal energy.
3.	 How does the solar thermal system work?
4.	 Mention two advantages and disadvantages of solar thermal systems.

Activity 5.8 Field Visit to a PV and Solar Thermal Installation

Objective: Observe real-world installations and understand the functions of PV 
and solar thermal components.

Materials: Observation checklists, notebooks, and smartphones/tablets for 
documentation.

Steps

1.	 Your teacher will arrange a visit to a site with operational PV and solar 
thermal systems. (Or if a visit is not possible watch this video: https://www.
youtube.com/watch?v=MZ_vRUknhzw)

2.	 Observe components such as solar panels, collectors, inverters, batteries, and 
storage tanks.

3.	 Ask questions about the function and integration of each component.
4.	 After the visit, share your observations with the class for discussion and 

feedback. In your discussion, think about the following questions:

a.	 How do inverters and charge controllers enhance PV system 
functionality?

b.	 What role does the storage tank play in a solar thermal system?
c.	 What is the purpose of a combiner box in a PV system?

https://youtu.be/ncDGqZeJLqE?si=2j-lN1q6VPpG9ctM
https://youtu.be/JsAdmpq8zTU?si=Wd0AoIo9dIqm9ZyW
https://www.youtube.com/watch?v=MZ_vRUknhzw
https://www.youtube.com/watch?v=MZ_vRUknhzw
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Activity 5.9 Component Function Role-Play

Objective: Learn the functions of PV and solar thermal components through 
interactive learning.

Materials: Role cards representing components (e.g., PV panel, inverter, 
collector, storage tank).

Steps

1.	 Pick a role representing components of a solar PV or thermal system.
2.	 “Act out” their functions (e.g., a PV panel converts sunlight into electricity).
3.	 Form a group of not more than five and create short skits demonstrating 

how the components work together.

Reflect on the following questions

a.	 What happens if one component in the system fails?
b.	 How are PV and solar thermal systems interdependent?

Extension Activity: Hands-On Experiment: Component Outputs

Objective: Measure and analyse the outputs of PV and solar thermal systems.

Materials: Small PV panel, thermal collector, multimeter, thermometer, water 
container.

Steps

1.	 Use a PV panel and measure its electrical output under sunlight or a lamp.
2.	 Simultaneously, measure the rise in temperature in water heated by a solar 

thermal collector. Use the following steps.

a.	 Measure the Initial Temperature of the Water
i.	 Place the thermometer or temperature sensor in the water 

before it enters the solar thermal collector or storage tank if it is 
already connected.

ii.	 Record the initial temperature of the water (before heating 
begins).

b.	 Activate the System and Wait
i.	 Allow the system to operate for a set period, such as 30 minutes to 1 

hour, depending on the intensity of sunlight and the type of system.
ii.	 Monitor the solar collector’s performance during this time to ensure 

it is heating the water effectively.
c.	 Measure the Final Temperature of the Water

i.	 After running the system for the specified period, measure the 
water’s temperature again using the thermometer or sensor. 
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Depending on your setup, this can be done at the storage tank or at 
the point where the water exits the solar collector.

ii.	 Record the final temperature after the system has heated the 
water.

d.	 Calculate the Temperature Rise
i.	 Subtract the initial temperature from the final temperature 

to calculate the temperature rise.
ii.	 Temperature rise = Final Temperature - Initial Temperature

Example
•	 Initial temperature: 20°C
•	 Final temperature: 45°C
•	 Temperature rise = 45°C - 20°C = 25°C

3.	 Compare and discuss the roles of the components in producing electricity 
and heat.

Discussion Questions

a.	 How do environmental conditions affect the outputs of each system?
b.	 What are the strengths of PV and thermal systems in energy 

applications?

OPERATE AND MAINTAIN SIMPLE 
PHOTOVOLTAIC AND SOLAR THERMAL ENERGY 
SYSTEMS
Operation and Maintenance of Photovoltaic and 
Solar Systems
Operating and Maintaining Simple Photovoltaic (PV) Systems Operation 
1.	 Initial Setup

a.	 Ensure the solar panels are installed at the optimal angle and orientation to 
maximise sunlight exposure. 

b.	 Verify that all electrical connections are secure and properly insulated. 
c.	 Turn on the system using the main disconnect switch. 
d.	 Check the inverter to ensure it functions correctly and converts DC to AC power. 

2.	 Daily Operation
a.	 Monitor the system’s performance through the monitoring system, noting any 

significant deviations in energy production. 
b.	 Ensure that the inverter operates within normal parameters (usually indicated 

by green lights or specific operational codes). 
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3.	 Energy Storage
a.	 If batteries are used, monitor their charge levels to ensure they are not 

overcharged or excessively discharged. 
b.	 Check the charge controller to ensure it properly regulates the charging and 

discharging cycles. 

Maintenance 
1.	 Regular Inspections

a.	 Visually inspect the solar panels for dirt, debris, or damage. Clean the panels 
with water and a soft brush or cloth if necessary. 

b.	 Check all wiring and electrical connections for signs of wear, corrosion, or 
damage. 

2.	 Inverter Maintenance
a.	 Periodically check the inverter for any error messages or fault codes. 
b.	 Ensure adequate ventilation around the inverter to prevent overheating. 
c.	 Verify the integrity of the inverter’s connections and settings. 

3.	 Battery Maintenance
a.	 If using lead-acid batteries, check electrolyte levels and top up with distilled 

water if necessary. 
b.	 Inspect battery terminals for corrosion and clean them as needed. 
c.	 Perform periodic capacity tests to ensure the batteries are holding a charge. 

4.	 System Monitoring
a.	 Regularly review data from the monitoring system to identify any trends or 

issues in performance. 
b.	 Set up alerts for significant deviations in energy production or system faults. 

5.	 Safety Checks 
a.	 Ensure all safety disconnects are easily accessible and properly labelled. 
b.	 Test the operation of disconnect switches periodically. 
c.	 Keep the area around electrical components free of obstructions. 

Operating and Maintaining Simple Solar Thermal 
Systems Operation 
1.	 Initial Setup

a.	 Ensure solar collectors are installed at optimal angles and orientations for 
maximum solar gain. 

b.	 Fill the system with the appropriate heat transfer fluid, ensuring no air pockets. 
c.	 Set the controller to regulate the operation of pumps and valves based on 

temperature settings. 
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2.	 Daily Operation
a.	 Monitor the temperature sensors to ensure the system reaches the desired 

temperature levels. 
b.	 Check the flow rate of the heat transfer fluid to confirm proper circulation. 
c.	 Verify that the controller is functioning correctly and responding to temperature 

changes. 

3.	 Heat Storage
a.	 Ensure the storage tank is maintaining the correct temperature and pressure. 
b.	 Monitor the heat exchanger for efficient heat transfer to the domestic water 

supply or heating system. 

Maintenance 
1.	 Regular Inspections 

a.	 Visually inspect solar collectors for dirt, debris, or damage. Clean collectors 
with water and a soft brush or cloth, as needed. 

b.	 Check all piping and insulation for leaks, damage, or degradation. 

2.	 Pump Maintenance
a.	 Periodically check the operation of the pumps to ensure they are running 

smoothly and quietly. 
b.	 Inspect pump seals and connections for leaks. 

3.	 Fluid Maintenance
a.	 Test the heat transfer fluid for proper concentration and chemical balance, 

especially when using glycol mixtures. 
b.	 Replace the heat transfer fluid periodically, as recommended by the manufacturer. 

4.	 System Monitoring
a.	 Regularly review system controller data to ensure it operates within expected 

parameters. 
b.	 Set up alerts for significant deviations in temperature or flow rates. 

5.	 Safety Checks
a.	 Ensure all safety valves and pressure relief mechanisms are functioning 

correctly. 
b.	 Test expansion tanks for proper operation and pressure settings. 
c.	 Maintain clear access to all system components for easy inspection and 

maintenance.
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Activity 5.10 Industrial Visit to a Solar Energy Facility

Observe the operation and maintenance of photovoltaic systems in a real-world 
setting.

Materials Needed

•	 Visit permission to a local solar energy company, PV installation site, or 
solar power plant.

•	 Notebook for taking notes.

Steps

1.	 Your teacher will arrange an industrial visit to a solar energy facility, such 
as a PV power plant or a solar thermal installation. Or where not possible, 
watch videos on the operation and maintenance of photovoltaic and solar 
thermal systems, https://youtu.be/8Yg4hklILxE; and https://www.youtube.
com/shorts/ACxJgM6runM.   

2.	 Observe the installation, operation, and maintenance processes, focusing 
on components like solar panels, inverters, charge controllers, and storage 
systems.

3.	 Ask the facility technicians to explain routine maintenance tasks, 
troubleshooting, and performance monitoring.

4.	 Take notes on key operations and maintenance steps.

Discussion Questions

a.	 What components of the solar system require regular maintenance?
b.	 How do technicians monitor the performance of the system?
c.	 What common issues are faced in PV system operation, and how are 

they resolved?

Activity 5.11 Group Discussion on Solar Panel Cleaning and Performance 
Monitoring

Understand the importance of cleaning and regular maintenance for optimising 
PV system performance.

Materials Needed
•	 Whiteboard/markers for notes.
•	 Research materials or internet access for reference.

Steps

1.	 Form small groups with your classmates and pick a topic from your teacher, 
such as “Solar Panel Cleaning and Maintenance”.

2.	 Research how dirt, dust, and debris affect PV performance.

https://youtu.be/8Yg4hklILxE
https://www.youtube.com/shorts/ACxJgM6runM
https://www.youtube.com/shorts/ACxJgM6runM
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3.	 Discuss how to monitor the performance of a PV system to ensure it is 
operating efficiently

4.	 Discuss the procedure for safely shutting down a PV system
5.	 Discuss and list practical methods for cleaning solar panels and maintaining 

optimal system performance.
6.	 In your groups, prepare and present your findings to the class in 10 minutes.

Discussion Questions

a.	 How does dust or debris impact the energy output of a PV system?
b.	 What are the best cleaning methods for solar panels?
c.	 What maintenance checks should be done regularly on a PV system to 

ensure it operates efficiently?

Extension Activity: Solar Battery Maintenance and Testing Workshop

Objective: To understand the operation, maintenance, and testing of batteries 
used in solar systems.

Materials Needed
•	 Lead-acid or lithium-ion battery.
•	 Voltmeter, hydrometer (for lead-acid batteries), and battery terminal 

cleaner.
•	 Battery charger.

Steps

1.	 Review the different types of batteries used in solar systems (e.g., lead-acid 
or lithium-ion).

2.	 Check the battery’s charge, voltage, and water levels (if using lead-acid 
batteries).

3.	 Work under the guidance of your teacher to clean the battery terminals and 
check for signs of corrosion.

4.	 Test the battery under different loads to assess performance.

Discussion Questions

a.	 How does a battery’s capacity affect solar system performance?
b.	 What maintenance tasks should be performed on solar batteries to 

extend it’s life?
c.	 How do you test the health of a battery in a PV system?
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DESIGN AND INSTALLING SIMPLE 
PHOTOVOLTAIC AND SOLAR THERMAL 
SYSTEMS
Designing and Installing Simple Photovoltaic (PV) 
Systems 
Design 
1.	 Assess Energy Needs

a.	 Calculate the total energy consumption of the household or building by reviewing 
past electricity bills or considering the power rating of the gadgets (loads) in the 
household to determine the possible consumption. Make provision for variation 
in the load. 

b.	 Determine the peak energy usage and the total daily energy requirement. 

2.	 System Sizing
a.	 Determine the average output of the solar panel in Watts.
b.	 Estimate the number of solar panels needed by dividing the total daily energy 

requirement by the average solar panel output. 
c.	 Choose the appropriate wattage of solar panels to meet your energy needs. 

3.	 Component Selection
a.	 Solar Panels: Select high-efficiency panels suitable for your location and budget. 
b.	 Inverter: Choose an inverter that can handle the total power output of your 

solar panels. 
c.	 Mounting System: Select a mounting system compatible with your roof type or 

ground installation. 
d.	 Batteries (Optional): If using batteries, choose the appropriate type (e.g., lead-

acid, lithium-ion) and capacity based on your energy storage needs. 
e.	 Charge Controller: Select a charge controller that matches the system voltage 

and battery type if batteries are used. 

4.	 Site Survey
a.	 Evaluate the installation site for shading, orientation, and structural integrity. 
b.	 Determine the optimal tilt angle for the solar panels to maximise sunlight 

exposure. 

Installation 
1.	 Mounting System Installation

a.	 Secure the mounting brackets to the roof or ground structure, ensuring they are 
correctly aligned and anchored. 



169

RENEWABLE ENERGY SOURCESSECTION 5

b.	 Attach the rails to the mounting brackets, ensuring they are level and secure. 

2.	 Solar Panel Installation
a.	 Mount the solar panels onto the rails, securing them with the appropriate 

clamps or fasteners. 
b.	 Connect the solar panels in series or parallel per the design requirements. 

3.	 Electrical Connections
a.	 Run the DC wiring from the solar panels to the inverter, ensuring all connections 

are correctly insulated and weatherproofed. 
b.	 Connect the inverter to the main electrical panel or grid tie-in point, following 

local electrical codes and regulations. 

4.	 Battery Installation (if applicable)
a.	 Install the batteries in a well-ventilated and secure location. 
b.	 Connect the batteries to the charge controller and inverter, ensuring proper 

polarity and secure connections. 

5.	 System Commissioning
a.	 Double-check all electrical connections and ensure all components are securely 

mounted. 
b.	 Turn on the system and verify that the inverter is operational, converting DC to 

AC power. 
c.	 Test the system under load to ensure it meets the expected performance 

parameters. 

Designing and Installing Simple Solar Thermal 
Systems 
Design 
1.	 Assess Hot Water Needs

a.	 Calculate the daily hot water usage of the household or building, typically in 
gallons or litres. 

b.	 Determine the peak hot water demand. 

2.	 System Sizing
a.	 Estimate the number of solar collectors needed by dividing the total daily hot 

water requirement by the average solar insolation and collector efficiency. 
b.	 Choose the appropriate type and size of solar collectors based on your hot water 

needs. 

3.	 Component Selection
a.	 Solar Collectors: Select flat-plate or evacuated tube collectors based on efficiency 

and budget. 
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b.	 Heat Transfer Fluid: Choose a suitable heat transfer fluid (e.g., water, glycol 
mixture) for your climate. 

c.	 Storage Tank: Select a storage tank with the appropriate capacity to meet your 
hot water demand. 

d.	 Heat Exchanger: Choose a heat exchanger that can handle the heat load and is 
compatible with your system design. 

e.	 Pumps and Controllers: Select pumps and controllers that match your system’s 
flow rates and control requirements. 

4.	 Site Survey
a.	 Evaluate the installation site for shading, orientation, and structural integrity. 
b.	 Determine the optimal tilt angle for the solar collectors to maximise sunlight 

exposure. 

Installation 
1.	 Mounting System Installation 

a.	 Secure the mounting brackets to the roof or ground structure, ensuring they are 
correctly aligned and anchored. 

b.	 Attach the rails to the mounting brackets, ensuring they are level and secure. 

2.	 Solar Collector Installation 
a.	 Mount the solar collectors onto the rails, securing them with the appropriate 

clamps or fasteners. 
b.	 Connect the solar collectors in series or parallel per the design requirements. 

3.	 Plumbing Connections
a.	 Run the piping from the solar collectors to the storage tank and heat exchanger, 

ensuring all connections are correctly insulated and weatherproofed. 
b.	 Connect the heat transfer fluid loop to the solar collectors, storage tank, and 

heat exchanger. 

4.	 Pump and Controller Installation
a.	 Install the pumps and controllers in easily accessible locations, ensuring they 

are securely mounted and properly connected to the system. 
b.	 Set up the controller to regulate the pump operation based on temperature 

settings. 

5.	 System Commissioning
a.	 Double-check all plumbing connections and ensure all components are securely 

mounted. 
b.	 Fill the system with the heat transfer fluid, ensuring no air pockets. 
c.	 Turn on the system and verify that the pumps are operational and the fluid is 

circulating. 
d.	 Test the system under load to ensure it meets the expected performance 

parameters and that the hot water is efficiently heated and stored.
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Activity 5.12 Watch a video on the installation of solar power systems 

https://youtu.be/khYZTmm7S5I?si=cF6sAWMkDdcI3vlI

After watching the video, engage in a class discussion and be 
guided by the following questions

1.	 Discuss the principle of operation of a photovoltaic system
2.	 Discuss and identify the factors that influence the 

efficiency of a solar PV panel:
a.	 Differentiate between series and parallel circuits.
b.	 Explain two uses of fuses and switches in photovoltaic systems.
c.	 Explain two uses of batteries  

Activity 5.13 Watch the video on the design and installation of the 
solar thermal systems

https://youtu.be/VaCy4hvwkKs?si=Iayi-mtWUftyxs_o

After watching the video, engage in a class discussion and be 
guided by the following questions

1.	 Discuss the basic components of a solar thermal system
2.	 Discuss and identify the personal protective equipment 

(PPE) recommended when installing solar thermal 
collectors.

a.	 Describe two hand tools used in the installation of solar thermal 
systems

b.	 Explain the procedure for the installation of solar thermal systems

Activity 5.14 Industrial Visit to a Solar Energy Facility

Objective: To observe solar PV and thermal system design and installation in 
real-world settings.

Materials Needed

•	 Visit permission to a local solar energy facility, PV installation site, or 
solar thermal power plant.

•	 Notebook for taking notes and recording observations.

Steps

1.	 Join a school industrial visit to a solar energy facility where PV and solar 
thermal systems are installed. (If the visit is not possible join a class 
discussion based on the videos observed.)

https://youtu.be/khYZTmm7S5I?si=cF6sAWMkDdcI3vlI
https://youtu.be/VaCy4hvwkKs?si=Iayi-mtWUftyxs_o
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2.	 During the visit, you should observe the entire installation and design 
process, from system sizing to panel placement and wiring.

3.	 Have the facility’s engineers or installers explain their key decisions 
regarding system design, materials, and installation procedures.

4.	 Take notes on how professionals design and install the systems, paying 
attention to factors such as panel orientation, wiring, and safety precautions.

After your visit, engage in a whole-class discussion on the following questions: 

a.	 What factors are critical when designing a PV or solar thermal system?
b.	 How does the location affect the system’s design (e.g., climate, 

building structure)?
c.	 What challenges do installers face when setting up these systems?

Activity 5.15 Group Assignment: Designing a Small Photovoltaic (PV) 
System

Objective: To help students design a PV system for a real-world scenario (e.g., a 
small home or school).

Materials Needed
•	 Solar design software (optional).
•	 Paper, calculators, and any available resources on system sizing.

Steps

1.	 Organise yourselves into groups of no more than five. In your groups, select 
the task of designing a small PV system for a specified building (e.g., a small 
home, classroom, or community centre).

2.	 In your groups. calculate energy consumption, determine the required 
number of panels, select the appropriate inverter size, and choose a battery 
storage option if applicable.

3.	 Your group should create a schematic design of your system, showing panel 
placement, wiring, and connections to the electrical grid.

4.	 Present your design to the class in 10 minutes, and explain your choices in 
terms of efficiency, budget, and practicality.

Reflect on the following questions

a.	 How did you determine the number of solar panels needed?
b.	 What factors influence the design of the PV system for a building?
c.	 What are the key challenges in designing a system that meets energy 

needs?
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Activity 5.16 Flowchart Creation: Designing a PV and Solar Thermal 
System

Objective: To illustrate the process of designing a PV or solar thermal system 
using a flowchart.

Materials Needed
•	 Paper, pens, or flowchart software (e.g., Lucidchart, Draw.io).
•	 Information on system design steps (e.g., solar panel selection, site 

analysis, system sizing).
Steps

1.	 The key steps involved in designing a PV or solar thermal system will be 
introduced, such as site assessment, energy needs analysis, system sizing, 
component selection, and installation.

2.	 Work in groups to create flowcharts outlining the design and installation 
process for both PV and solar thermal systems.

3.	 Present your flowcharts to the class, explaining each step involved in the 
design and installation.

Discussion Questions

a.	 How do the design processes for PV and solar thermal systems differ?
b.	 What are the key decision points in the design of these systems?
c.	 How can the flowchart streamline the design and installation process?

Additional Reading Materials 
1.	 “Renewable Energy Engineering” by Nicholas Jenkins and Janaka Ekanayake
2.	 “Renewable Energy: Power for a Sustainable Future” by Godfrey Boyle
3.	 “Solar Energy: The Physics and Engineering of Photovoltaic Conversion” by Klaus 

Jäger et al.
4.	 “Wind Energy Explained: Theory, Design, and Application” by 

James F. Manwell, Jon G. McGowan, and Anthony L. Rogers
5.	 Science Buddies, [available online] at https://www.sciencebuddies.

org/science-fair-projects/science-projects/use-solar-energy/high-
school;

https://www.sciencebuddies.org/science-fair-projects/science-projects/use-solar-energy/high-school
https://www.sciencebuddies.org/science-fair-projects/science-projects/use-solar-energy/high-school
https://www.sciencebuddies.org/science-fair-projects/science-projects/use-solar-energy/high-school
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Review Questions 

1.	 What is the function of a photovoltaic (PV) panel in a solar energy system?

2.	 What are the main components of a solar thermal system, and how do they 
work together to heat water?

3.	 Explain the role of an inverter in a photovoltaic (PV) system.

4.	 What are the key differences between a photovoltaic (PV) system and a solar 
thermal system?

5.	 What role does the charge controller play in a photovoltaic (PV) system?

6.	 How does the solar collector function in a solar thermal system?

7.	 What is the function of the storage tank in a solar thermal system?

8.	 How often should the batteries in a photovoltaic (PV) system be checked, and 
what maintenance do they require?

9.	 What maintenance tasks should be performed on a solar thermal system to 
ensure its proper operation?

10.How can you check the performance of a photovoltaic (PV) system?

11.Why is it important to clean photovoltaic (PV) panels regularly?
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ENERGY SYSTEMS
Energy Efficiency and Conservation 

Introduction 
This section introduces the basics of energy management plans and the key steps 
in conducting a simple energy audit. You will learn how to identify energy-saving 
opportunities for electrical and thermal systems, focusing on improving energy 
efficiency, reducing costs, and supporting environmental sustainability. You will also 
learn to conduct a walk-through energy audit and inspect a facility to spot areas where 
energy is wasted. Additionally, you’ll discover practical tips for saving energy with 
electrical equipment, which can help reduce energy consumption and lower costs. By 
the end of this section, you will know how to design and implement an energy-saving 
plan for electrical and thermal systems. This will enable you to reduce energy use 
significantly, lower utility bills, and reduce your environmental impact.

Key Ideas 

•	 An energy audit is important for creating an energy management plan because it helps 
identify and fix areas where energy is wasted, leading to lower costs and better energy 
use. 

•	 During a walk-through energy audit, start by checking the systems that use the most 
energy, like Heating, Ventilation and Air Conditioning (HVAC) systems, lighting, and 
industrial machines, since these are usually the biggest sources of waste. 

•	 To save energy with electrical equipment, turn off or unplug devices when not in use and 
keep them well-maintained, such as cleaning filters, fixing leaks, and replacing old and 
inefficient parts to keep them working efficiently.

•	 To save energy with thermal equipment, improve insulation to reduce heat loss. This can 
be done by insulating pipes and tanks and regularly maintaining equipment to prevent 
heat leaks and keep it working at its best.
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DEVELOPING ENERGY MANAGEMENT PLANS
Developing an Energy Management Plan (EMP) is a systematic process that helps 
organisations reduce energy consumption, improve efficiency, and achieve sustainability 
goals. Here is a step-by-step guide to developing an effective energy management plan: 

Step 1: Establish a Baseline 
1.	 Audit Energy Usage

a.	 Start by conducting a thorough energy audit to determine where and how 
energy is used in a building or facility. This will help you identify areas where 
energy may be wasted or used inefficiently.

b.	 Gather data on energy consumption from different facilities, equipment, and 
processes over a set period. This will give you a clear picture of how much 
energy is used and where improvements can be made. 

2.	 Analyse Energy Bills

a.	 Review past energy bills to understand the patterns of energy use and the 
associated costs. This will help you see how much energy is typically used and 
how much it costs over time.

b.	  Look for peak usage times and rates on the bills. This will show you when 
energy consumption is highest and how that affects your overall costs. 

Step 2: Set Goals and Objectives 
1.	 Define Clear Goals

a.	 Set Specific, Measurable, Achievable, Relevant, and Time-bound (SMART) 
goals for reducing energy use.

b.	 For example, you might aim to reduce energy consumption by a certain 
percentage over the next year or improve energy efficiency in specific areas, 
such as lighting or heating. 

2.	 Establish Objectives

a.	 Identify Key Performance Indicators (KPIs) to measure progress. These are 
specific markers that show how well you’re achieving your goals.

b.	 Objectives could include installing renewable energy systems, upgrading 
outdated equipment to more efficient models, or improving insulation to reduce 
heating and cooling costs.

Step 3: Develop Action Plans 
1.	 Identify Opportunities for Improvement

a.	 After completing the energy audit, identify the areas with the most energy 
savings potential. Look for systems or processes where energy use is high or 
inefficient.
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b.	 Prioritise the actions that will have the greatest impact and are the most cost-
effective. Focus on changes that will provide the best return on investment.

2.	 Implement Energy Efficiency Measures

a.	 Upgrade to energy-efficient lighting, heating, ventilation, air conditioning 
(HVAC) systems, and appliances to reduce energy consumption. 

b.	 Install automated systems that control lighting and temperature to ensure 
energy is only used when needed.

c.	 Improve insulation and weatherisation to reduce heating and cooling losses, 
making your space more energy efficient. 

3.	 Incorporate Renewable Energy

a.	 Explore the possibility of using renewable energy sources like solar, wind, or 
geothermal to reduce reliance on non-renewable energy. 

b.	 Consider options such as power purchase agreements (PPAs) or setting up on-
site renewable energy generation to meet energy needs sustainably. 

Step 4: Engage Stakeholders 
1.	 Involve Employees

a.	 Educate and train employees on best practices for energy conservation, such as 
turning off equipment when not in use or adjusting thermostat settings. 

b.	 Encourage a culture of energy efficiency by offering incentives, recognition, or 
rewards for employees who contribute to energy-saving efforts. 

2.	 Collaborate with Suppliers

a.	 Work closely with suppliers to purchase energy-efficient products and services 
that can help reduce overall energy consumption. 

b.	 Look for opportunities to collaborate on energy-saving initiatives, such as 
bulk buying energy-efficient equipment or sharing energy management best 
practices. 

Step 5: Monitor and Review 
1.	 Track Progress

a.	 Use energy management software to check energy usage in real time. 
b.	 Compare the energy consumption to the goals and key performance indicators 

(KPIs) you set earlier. 

2.	 Regularly Review and Update

a.	 Hold regular reviews of the energy management plan to see how much progress 
has been made. 

b.	 Update the plan if new technologies become available, goals change, or 
regulations are updated. 
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Step 6: Report and Communicate 
1.	 Document Results

a.	 Keep detailed records of how much energy was used, the savings made, and the 
improvements achieved. 

b.	 Write regular reports to share this information with both internal teams and 
external stakeholders. 

2.	 Communicate Achievements
a.	 Share the successes and lessons learned with employees, managers, and the 

public.
b.	 Emphasise the environmental and financial benefits that came from following 

the plan.

Example of an Energy Management Plan Outline 
1.	 Introduction

a.	 State the purpose of the energy management plan. 
b.	 Provide an overview of the current energy usage at the facility or organisation. 

2.	 Goals and Objectives
a.	 Define specific energy reduction targets 
b.	 Identify key performance indicators (KPIs) to measure progress. 

3.	 Baseline Data
a.	 Include results from the energy audit. 
b.	 Present historical energy consumption data to establish a starting point.

4.	 Action Plan
a.	 List energy efficiency measures to be implemented
b.	 Outline renewable energy initiatives to reduce dependency on non-renewable 

sources.
c.	 Specify a timeline and assign responsibilities for completing tasks.

5.	 Stakeholder Engagement
a.	 Detail employee training programs and ways to involve staff in energy-saving 

efforts.
b.	 Describe how suppliers and partners will be engaged in the plan. 

6.	 Monitoring and Review
a.	 Explain methods for tracking energy performance and progress toward goals.
b.	 Set a schedule for regular reviews and updates of the plan.

7.	 Reporting and Communication 
a.	 Outline how results will be documented, including savings and improvements. 
b.	 Develop a strategy for communicating achievements to employees, management, 

and external audiences.
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Activity 6.1 Identifying Energy Needs

Objective: Recognise and list key areas where energy is consumed in a facility.

Materials: Facility layout map, markers.

Steps
1.	 Form small groups with your classmates.
2.	 Analyse, as a group, a school layout and list areas with significant energy use 

(e.g., labs, lighting, HVAC).
3.	 Discuss patterns of energy use and prioritise critical areas. Be guided by the 

following questions: Which areas consume the most energy?
4.	 How can understanding energy needs help in planning?

Activity 6.2 Conducting a Mini Energy Audit

Objective: Measure and assess energy usage in selected areas.

Materials: Wattmeter, notebooks.

Steps
1.	 Work in pairs to audit the energy usage in classrooms or offices by 

measuring how much energy equipment is used.
2.	 Present your findings to the class in a 5-minute discussion, including ideas 

for potential energy savings. Be guided by the following questions: What 
patterns of energy use did you notice?

3.	 How could usage be optimised?

Activity 6.3 Setting Energy-Saving Goals

Objective: Create specific, measurable energy-saving targets.

Materials: Goal-setting templates, pens.

Steps
1.	 In pairs, define SMART goals (Specific, Measurable, Achievable, Relevant, 

and Time-bound) for managing energy effectively.
2.	 Each group shares their goals with the class and discusses whether they 

are realistic and achievable. Also discuss what makes an energy saving goal 
effective. 
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Activity 6.4 Cost-Benefit Analysis of Energy-Saving Measures

Objective: Evaluate the financial and environmental benefits of energy-saving 
measures.

Materials: Data on energy costs and savings, calculators.

Steps

1.	 In pairs, calculate the cost of replacing traditional light bulbs with energy-
efficient LED bulbs and estimate the long-term savings from the switch.

2.	 Present your findings to the class and discuss the potential benefits. Be 
guided by the following questions: How does upfront investment in energy 
efficiency pay off over time?

3.	 Which measures offer the best return on investment?

Activity 6.5 Developing an Energy Management Plan Framework

Objective: Create a basic framework for an energy management plan.

Materials: Templates, pens.

Steps

1.	 Form a small group with your classmates.
2.	 Each group drafts a plan that includes clear goals, action steps, and methods 

for monitoring progress.
3.	 Present your group’s framework to the class and gather suggestions for 

improvement.
4.	 Individually develop your own energy management plan for your household.

Discussion Questions

a.	 What are the key elements of an energy management plan?
b.	 How can an energy audit contribute to an energy management plan?
c.	 How can progress be monitored effectively?
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WALK-THROUGH ENERGY AUDIT
A walk-through energy audit is a quick and straightforward way to assess building 
energy use and find improvement areas. It involves systematic observation of daily 
operations, collecting basic data, and identifying inefficiencies like outdated equipment 
or energy waste. The focus is on inspecting key systems such as lighting, heating, and 
cooling to suggest practical energy-saving steps. While not as detailed as a full audit, 
it provides a solid starting point for improving energy efficiency. Here is a guide to 
conducting a walk-through energy audit: 

Preparation 
1.	 Gather Information

a.	 Get the floor plans and layout of the building.
b.	 Gather past energy usage data, including electricity, gas, and water bills. 
c.	 Learn about the building’s operational schedule and how often people use it. 

2.	 Assemble Tools
a.	 Gather clipboards, notepads, and pens to take notes. 
b.	 Bring a flashlight to inspect dimly lit areas.
c.	 Get an infrared thermometer to check temperature differences
d.	 Get a light meter to measure light levels. 
e.	 A digital camera or smartphone for photos 
f.	 Personal protective equipment (PPE) as needed 

3.	 Create a Checklist
a.	 Make a checklist to inspect every area and piece of equipment. 
b.	 Organise the checklist into lighting, HVAC systems, insulation, equipment, and 

processes.

Conducting the Walk-through 
1.	 Lighting

a.	 Check the type and condition of all lighting fixtures (e.g., incandescent, 
fluorescent, or LED).

b.	 Check for unnecessary lighting in unoccupied areas. 
c.	 Measure light levels and compare them with standards, as over-lighting can 

waste energy. 
d.	 Note opportunities to use natural daylight or install occupancy sensors. 

2.	 HVAC (Heating, Ventilation, and Air Conditioning)
a.	 Verify that thermostats are set correctly and functioning well. 
b.	 Check for vents or registers that are blocked. 
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c.	 Inspect HVAC systems for maintenance issues, like dirty filters or worn belts. 
d.	 Consider options like programmable thermostats or zone controls for better 

efficiency. 

3.	 Insulation and Building Envelope
a.	 Check doors and windows for drafts or air leaks. 
b.	 Assess insulation in walls, ceilings, and floors. 
c.	 Look for gaps in weather stripping or sealant that need fixing. 

4.	 Equipment and Appliances
a.	 Evaluate the condition and efficiency of major equipment and appliances. 
b.	 Check if any devices are running unnecessarily or left on when not in use. 
c.	 Identify outdated equipment that might need replacement with energy-efficient 

models. 

5.	 Processes and Operations
a.	 Observe industrial or commercial operations for energy-intensive practices. 
b.	 Look for opportunities to improve schedules or processes to save energy. 
c.	 Identify opportunities for heat recovery or process optimisation. 

6.	 Other Areas
a.	 Check for leaking faucets or toilets, especially if hot water is involved, as it 

wastes energy. 
b.	 Look for electrical devices left in standby mode that could be turned off 

completely. 

Documentation and Analysis 
1.	 Document Findings

a.	 Take detailed notes and photos of issues identified. 
b.	 Record temperature readings, light levels, and any other relevant measurements. 

2.	 Analyse Data
a.	 Compare findings against energy consumption data to identify significant 

sources of waste. 
b.	 Calculate potential savings from addressing each identified issue. 

3.	 Prioritise Actions 
a.	 Rank opportunities based on potential energy savings, cost, and ease of 

implementation. 
b.	 Develop a list of recommended actions. 
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Reporting and Recommendations 
1.	 Create a Report

a.	 Summarise the findings from the walk-through, including notes and photos. 
b.	 Highlight areas where significant energy is wasted and outline opportunities for 

improvement. 

2.	 Provide Recommendations
a.	 Suggest specific energy-saving steps, such as switching to LED lighting, sealing 

air leaks, or upgrading HVAC systems. 
b.	 Include estimated costs and potential savings for each recommendation to help 

prioritise actions. 

3.	 Present the Report
a.	 Share the report with facility managers and other key stakeholders. 
b.	 Discuss the findings and proposed actions to build support for implementing 

the recommendations.

Benefits of a Walk-Through Energy Audit
1.	 Quick and cost-effective: Provides immediate feedback without needing 

specialised equipment.

2.	 Highlights low-cost or no-cost solutions: Identifies simple ways to save energy, 
such as behavioural changes or minor adjustments.

3.	 Prepares for detailed audits: Serves as a foundation for a more comprehensive 
energy assessment.

Activity 6.6 Introduction to Energy Audits

Objective: Understand the purpose and steps of a walk-through energy audit.

Materials: Presentation slides and handouts on energy audit basics.

Steps
1.	 Review what energy audits are, why they are important, and the steps 

needed to conduct one.
2.	 Talk with your classmates about ways to save energy in school or at home.
3.	 Work together in groups and decide which specific areas each group will 

focus on for the audit. 
4.	 In your group, carry out a walk-through energy audit of your specific area of 

the school facility.

Discussion Questions

a.	 Why are energy audits important?
b.	 What areas in our school might have the most energy-saving 

potential?
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Activity 6.7 Identifying High-Energy Consumption Areas

Objective: Pinpoint areas in the school that use high energy.

Materials: Energy bills, notebooks, pens.

Steps

1.	 Review the school’s recent electricity bills.
2.	 Identify areas consuming significant energy (e.g., labs, kitchens, offices).
3.	 Form groups with your classmates and discuss potential causes of high 

energy consumption. In your groups, discuss the following questions.:
a.	 Which areas consume the most energy?
b.	 What are the possible reasons for high consumption?
c.	 Why is it important to have access to the facility’s historical energy 

consumption data?

Activity 6.8 Assessing Lighting Efficiency

Objective: Evaluate lighting systems for energy efficiency.

Materials: Notebook, wattmeter, light meter (optional).

Steps

1.	 Inspect lighting fixtures in classrooms and hallways.
2.	 Record the types of bulbs (e.g., incandescent, LED, fluorescent) and their 

wattage.
3.	 Suggest improvements (e.g., switching to LEDs).

Discussion Questions

a.	 Is the current lighting systems energy-efficient?
b.	 What changes could reduce energy use while maintaining proper 

lighting?

Activity 6.9 Evaluating HVAC Systems

Objective: Analyse the efficiency of heating, ventilation, and air conditioning 
systems.

Materials: Thermometer, notebook.

Steps

1.	 Measure room temperatures in areas with HVAC systems.
2.	 Check for proper thermostat settings and operational efficiency.
3.	 Discuss findings and recommend improvements.



186

ENERGY EFFICIENCY AND CONSERVATIONSECTION 6

Discussion Questions

a.	 Are HVAC systems set to optimal temperatures?
b.	 How can the school save energy while maintaining comfort?

Activity 6.10 Inspecting Electrical Equipment Usage

Objective: Check how electrical equipment is used and identify inefficiencies.

Materials: Wattmeter and checklist for standard equipment.

Steps

1.	 Observe equipment like computers, projectors, and appliances.
2.	 Record their power usage and operational hours.
3.	 Discuss reducing unnecessary usage (e.g., turning off idle devices).

a.	 Which equipment consumes the most energy?
b.	 How can operational practices improve energy efficiency?

Activity 6.11 Checking Insulation and Building Envelope

Objective: Identify areas where heat is lost or gained through poor insulation.

Materials: An infrared thermometer (if available) and a notebook.

Steps

1.	 Inspect windows, doors, and walls for drafts or gaps.
2.	 Note areas needing insulation improvements.
3.	 Discuss the impact of poor insulation on energy consumption.

Think about the following questions:

a.	 How does poor insulation affect energy costs?
b.	 What materials or methods could improve insulation in the school?
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ENERGY-SAVING TIPS FOR ELECTRICAL 
EQUIPMENT
Here are some energy-saving tips for different types of electrical equipment. These tips 
can help to significantly reduce energy consumption, save money, and reduce your 
environmental impact. 

General Tips 
•	 Turn off When Not in Use: Always switch off devices like lights, computers, 

printers, and other equipment when you’re not using them.
•	 Unplug Devices: Unplug chargers, appliances, and electronics when not in 

use, as some can still use energy in standby mode.
•	 Use Power Strips: Use power strips to turn off multiple devices at once and 

reduce energy wasted from devices left on standby, (standby power/phantom 
load/vampire draw).

Lighting 
1.	 Switch to LED Bulbs: This is a highly effective energy-saving strategy that helps 

reduce energy consumption, lower electricity bills, and extend the lifespan of 
lighting systems. LED (Light Emitting Diode) bulbs are more efficient, durable, 
and environmentally friendly than traditional lighting options like incandescent or 
fluorescent bulbs. 

2.	 Use Natural Light: This practical and eco-friendly energy-saving strategy can help 
reduce the need for artificial lighting, lower energy consumption, and improve 
indoor environmental quality. Natural light is abundant, free, and can have 
numerous health benefits, including improved mood and productivity.

3.	 Install Motion Sensors: This effective energy-saving strategy automates lighting 
systems and ensures that lights are only on when needed. By using motion sensors, 
you can reduce unnecessary energy consumption, lower electricity costs, and 
extend the lifespan of your lighting fixtures. This method is particularly beneficial 
in areas like hallways, bathrooms, offices, and outdoor spaces where lights are often 
left on unintentionally.

Heating and Cooling 
1.	 Programmable Thermostats: They are smart devices designed to automatically 

adjust the temperature of your home or building based on pre-set schedules. 
Programmable thermostats can significantly improve energy efficiency, lower 
utility bills, and create a more comfortable environment by optimising your heating 
and cooling systems. These devices allow you to program temperature settings for 
different times and days of the week, ensuring energy is not wasted when you’re 
away or sleeping.
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2.	 Maintain HVAC Systems: This is crucial to ensure they operate efficiently, extend 
their lifespan, reduce energy consumption, and maintain indoor air quality. 
Regular cleaning and maintenance help avoid costly repairs and improves comfort 
by ensuring that heating and cooling systems work as intended.

3.	 Seal Leaks: This is essential to ensure your HVAC system operates efficiently, saving 
energy and reducing heating and cooling costs. Air leaks in ducts, windows, doors, 
and other parts of the system can lead to the loss of conditioned air, making your 
HVAC system work harder to maintain the desired temperature. Sealing leaks can 
also improve comfort, prevent moisture buildup, and enhance indoor air quality.

Appliances 
1.	 Energy-Efficient Models: They are designed to use less energy while delivering the 

same level of performance. These models, such as the Energy Star label, are typically 
labelled with energy efficiency ratings, indicating that they meet specific criteria 
for reducing energy consumption. Using energy-efficient appliances helps reduce 
energy consumption, lowers utility bills, and minimises environmental impact.

2.	 Use Appropriate Settings: This is essential to maximising energy efficiency and 
minimising energy waste. Many household appliances offer settings that can be 
adjusted to optimise energy use, and by selecting the most suitable options, you can 
significantly reduce energy consumption, extend the life of your appliances, and 
lower your utility bills.

3.	 Full Loads: Using appliances like washing machines, dishwashers, and dryers with 
full loads is one of the easiest and most effective ways to save energy. By optimising 
the use of these appliances, you reduce the number of cycles needed to clean clothes 
or dishes, which directly cuts down on electricity and water consumption.

Office Equipment 
1.	 Energy-Saving Modes: Office equipment such as computers, printers, copiers, and 

monitors can consume a significant amount of energy. However, many of these 
devices are equipped with energy-saving modes that help reduce their electricity 
consumption when not in use.

2.	 Upgrade to Laptops: Laptops typically consume less power than desktop computers 
because they are designed to be portable and energy efficient. Laptops use integrated 
power systems and smaller components, which consume less energy than desktops 
and require separate monitors, larger power supplies, and additional peripherals.

3.	 Optimise Printing: Reducing the frequency of printing and using energy-efficient 
printers can lower electricity consumption. Printing less frequently and using 
duplex (double-sided) printing can lower paper and ink costs.
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Electronics 
1.	 Energy-Efficient Electronics: These refer to devices and technologies such as 

televisions and audio systems designed to consume less power while maintaining 
or improving performance. These devices help reduce energy consumption, which 
leads to cost savings, a reduction in environmental impact, and a more sustainable 
use of resources. 

2.	 Lower Brightness: Display screens, especially on smartphones, laptops, tablets, and 
monitors, consume a significant amount of power when their brightness is set to 
high levels. Lowering the brightness reduces the power required to display images, 
saving energy, prolonging battery life, reducing eye strain, and extending the device 
lifespan.

3.	 Smart Power Management: This refers to using intelligent technologies and 
strategies to optimise the energy consumption of electronic devices. It involves 
controlling when, how, and how much power devices consume based on demand, 
usage patterns, and environmental factors. These systems help electronics use 
power more efficiently, extend battery life, and minimise energy waste. Smart 
power management in electronics is increasingly used in various devices, including 
smartphones, laptops, TVs, gaming consoles, and home appliances.

Kitchen Equipment 
1.	 Efficient Cooking Methods: These can help save energy, reduce cooking time, 

and lower electricity or gas bills while being more environmentally friendly. Use 
microwaves, slow cookers, and toaster ovens, which consume less energy than 
conventional ovens. 

2.	 Proper Refrigeration: This is essential for maintaining food quality and safety while 
optimising energy efficiency. By following best practices for refrigeration, you can extend 
the shelf life of food, reduce energy consumption, and minimise your environmental 
footprint. Keep refrigerator and freezer doors closed as much as possible and ensure 
they are set to the appropriate temperatures (3-4oC for refrigerators and -18oC for 
freezers). 

3.	 Maintain Appliances: This is crucial to ensure they work efficiently, last longer, and 
consume less energy. Proper maintenance helps avoid costly repairs and ensures food 
safety. Regularly clean and defrost refrigerators and freezers to ensure they operate 
efficiently. 

Industrial Equipment 
1.	 Variable Speed Drives: They are electronic systems used to control the speed and 

torque of electric motors. VSDs adjust the motor’s speed to match the equipment’s 
specific needs rather than running the motor at a constant speed. This helps to 
improve energy efficiency, reduce wear and tear on motors, and provide more 
precise control of industrial processes.  
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2.	 Regular Maintenance: This is crucial to ensuring that machines and systems run 
efficiently, safely, and reliably and continue to provide the desired performance 
throughout their operational lifespan. Proper maintenance helps prevent costly 
breakdowns, reduces downtime, increases equipment longevity, and improves 
overall productivity.

3.	 Energy Audits: This is a systematic evaluation of how energy is used in a building, 
facility, or industrial process, aimed at identifying opportunities to improve energy 
efficiency and reduce energy consumption. The process involves analysing energy 
use, identifying inefficiencies, and suggesting improvements to optimise energy 
use. Energy audits help organisations lower operating costs, reduce environmental 
impact, and increase sustainability. 

Quick Wins
•	 Turn off unnecessary lights and appliances.
•	 Replace old equipment with energy-efficient alternatives.
•	 Schedule regular maintenance to ensure optimal performance.
•	 Reduce usage during peak hours when electricity rates are higher.
•	 Use timers to automate device shutdowns.

Activity 6.12 Watch videos on energy savings in electrical 
equipment at home.

https://youtu.be/EB9I2Wp7stg?si=UPJ1yrJo75csGPEJ

As you watch the video, think about the following questions:

1.	 Explain ten ways to save electricity use at home.
2.	 What is the significance of saving energy when using 

electrical equipment?

Activity 6.13 Group Brainstorm: Identifying Energy Waste in Electrical 
Equipment

Objective: Recognise common sources of energy waste in electrical equipment.

Materials: Chart paper, markers.

Steps
1.	 Form small groups with your classmates.
2.	 Work together to list ways electrical equipment, like lights and computers, 

might waste energy.
3.	 Take 5 minutes to share your group’s findings with the rest of the class. 

Reflect on the following questions:
a.	 What are the most common sources of energy waste?
b.	 How can these be addressed with minimal effort or cost?

https://youtu.be/EB9I2Wp7stg?si=UPJ1yrJo75csGPEJ
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Activity 6.14 Facility Walkthrough with Facility Manager

Objective: Understand energy-saving methods implemented in the school.

Materials: Notebooks, cameras (if allowed).

Steps

1.	 Your teacher will arrange a session where the facility manager explains 
energy-saving practices for electrical systems.

2.	 Tour areas like classrooms, offices, and computer labs to see real examples of 
energy use.

3.	 Take notes on current energy-saving measures and identify places where 
improvements could be made.

4.	 Engage in a class discussion and reflect on the following questions:

a.	 What energy-saving measures are already in place?
b.	 Which equipment or areas could benefit from additional measures?
c.	 How can you determine the energy consumption of a particular piece 

of electrical equipment?
d.	 Name some common indicators for identifying energy inefficient 

electrical equipment.

Activity 6.15 Energy-Efficient Lighting Comparison

Objective: Compare the energy use of different lighting systems.

Materials: Samples of LED, CFL, and incandescent bulbs, wattmeter.

Steps

1.	 Use a wattmeter to measure the energy consumption of each type of light 
bulb.

2.	 Compare and discuss how efficient each bulb is and the differences in their 
long-term costs.

Reflect on the following questions:

a.	 Why are LEDs more energy-efficient than other types of bulbs?
b.	 How can switching to efficient lighting reduce energy bills?
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Activity 6.16 Research and Present: Standby Power Consumption

Objective: Investigate energy waste from devices in standby mode.

Materials: Internet access, notebooks.

Steps

1.	 Investigate how much energy common devices like TVs and microwaves use 
in standby mode.

2.	 In groups, share your findings and suggest ways to reduce energy wasted by 
standby power. 

3.	 Engage in a class discussion and reflect on the following questions:

a.	 What is “vampire power,” and why is it problematic?
b.	 How can power strips or timers help reduce standby power 

consumption?

Activity 6.17 Group Discussion: Comparing Energy-Saving Strategies

Objective: Evaluate different energy-saving methods for electrical equipment.

Materials: List strategies (e.g., turning off devices, using efficient models).

Steps

1.	 Discuss the pros and cons of various strategies in groups.
2.	 Rank the strategies based on impact and ease of implementation.

a.	 Which strategies are the easiest to implement?
b.	 Which strategies would have the greatest long-term impact?

ENERGY-SAVING TIPS FOR THERMAL 
EQUIPMENT
Thermal equipment like water heaters, ovens, and HVAC systems is some of the 
biggest energy users in homes and buildings. Simple changes in how these systems 
are used can make a big difference in energy consumption. You can lower utility bills 
and reduce environmental impact by following energy-saving tips. These practices also 
help extend the life of your equipment while maintaining comfort and efficiency. 

Heating Systems 
1.	 Programmable Thermostats: It is a device that automatically adjusts the 

temperature in a heating or cooling system based on a pre-set schedule. By setting 
specific temperature settings for various times of the day or days of the week, a 
programmable thermostat helps optimise energy use, improving the efficiency of 
heating systems and reducing energy costs.
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2.	 Insulation: This is a material used to reduce heat transfer between different areas, 
such as between the interior of a building and the external environment. It helps 
maintain the desired temperature in a building, reduces energy loss, and ensures 
that heating systems operate optimally. Proper insulation is essential for both the 
occupants’ comfort and the heating system’s cost-efficiency. 

3.	 Seal Leaks: These identify and close gaps, cracks, or holes in a building’s structure 
where air can pass through. These leaks allow warm or cool air to escape, forcing 
heating and cooling systems to work harder and increasing energy consumption 
and costs. Sealing leaks in a heating system is crucial for ensuring energy efficiency, 
reducing heating costs, and maintaining comfort within the home. Leaks in the 
heating system, whether in the ducts, furnaces, or pipes, can lead to energy waste, 
uneven heating, and increased utility bills. 

4.	 Regular Maintenance: This ensures optimal performance, energy efficiency, 
and longevity. Whether it’s a furnace, boiler, or heat pump, proper maintenance 
helps prevent unexpected breakdowns, reduces repair costs, and keeps energy 
consumption in check. 

5.	 Efficient Heating Systems: Upgrade to energy-efficient heating systems like 
condensing boilers or heat pumps. They are crucial for reducing energy consumption, 
lowering utility bills, and minimising environmental impact. With the rising costs 
of energy and growing concerns about climate change, using efficient heating 
systems is more important than ever.

Water Heaters 
1.	 Lower Temperature Settings: It can help reduce energy consumption and lower 

utility bills while maintaining sufficient hot water for daily needs. Set your water 
heater to 49°C (120°F) to save energy and prevent scalding (a burn injury caused by 
hot liquids or steam). 

2.	 Insulate Water Heater and Pipes: This is an effective way to improve your home’s 
energy efficiency, reduce heating costs, and prevent heat loss. Insulation helps 
maintain the water temperature in the tank and pipes, making your water heater 
work less and saving energy.

3.	 Reduce Hot Water Usage: This can significantly lower energy consumption and 
extend the lifespan of your water heater. Install low-flow showerheads, faucets, 
and aerators that restrict water flow while maintaining adequate pressure. These 
fixtures can reduce water usage by up to 50% without compromising comfort. 

4.	 Tankless Water Heaters: They, also known as on-demand or instantaneous water 
heaters, are devices that heat water only when needed, as opposed to traditional 
water heaters, which store and continuously heat a large tank of water. This on-
demand heating process provides energy efficiency, space-saving, and overall 
performance benefits.



194

ENERGY EFFICIENCY AND CONSERVATIONSECTION 6

Cooking Equipment 
1.	 Efficient Appliances: These save electricity or gas, reduce cooking time, and enhance 

food quality. Modern, efficient cooking appliances are designed to minimise energy 
loss, maximise heat transfer, and provide convenience.  

2.	 Properly Sized Pots and Pans: Using properly sized pots and pans is crucial for 
efficient cooking, better food quality, and energy conservation. Matching the 
cookware to the quantity of food and the burner size can significantly affect the 
cooking process. Using the right size can save energy, reducing electricity or gas 
usage over time.

3.	 Lid Use: A cooking lid can significantly improve energy efficiency, cooking speed, 
and food quality. A lid traps heat and moisture inside the pot or pan, allowing food 
to cook faster and more evenly. 

4.	 Microwaves and Toaster Ovens: Use microwaves, toaster ovens, and slow cookers 
for smaller meals, as they use less energy than conventional ovens. 

Industrial Thermal Equipment 
1.	 Waste Heat Recovery: It involves capturing and reusing heat that would otherwise 

be lost to the environment during industrial processes. By recovering this waste 
heat, industries can significantly improve energy efficiency, reduce operating 
costs, and minimise environmental impact. Waste heat recovery systems (WHRS) 
are especially important in industries that generate substantial amounts of heat, 
such as steel production, chemical manufacturing, cement production, and power 
generation.

2.	 Insulation: It is crucial in improving energy efficiency, reducing heat loss, and 
maintaining the desired temperature in industrial processes. Proper insulation 
of thermal equipment not only reduces energy consumption and operating costs, 
enhances safety, minimises environmental impact, and helps with regulatory 
compliance. Insulate pipes, tanks, and other equipment to minimise heat loss in 
industrial settings. 

3.	 Process Optimisation: This involves refining thermal processes to improve 
efficiency, reduce energy consumption, lower operating costs, and enhance product 
quality. It combines techniques like heat recovery, equipment maintenance, and 
system integration to maximise the performance of thermal systems such as boilers, 
furnaces, heat exchangers, and kilns. Optimise thermal processes to operate at the 
most efficient temperatures and pressures. 

4.	 Regular Inspections: They are essential for ensuring the safe, efficient, and reliable 
operation of thermal systems such as boilers, furnaces, heat exchangers, and other 
heating equipment. Inspections help to identify and repair potential issues before 
they become major problems, extend the lifespan of the equipment, and maintain 
optimal energy efficiency. 
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Space Heaters 
1.	 Energy-Efficient Models: They are designed to provide optimal heating with 

minimal energy consumption, helping reduce electricity bills and environmental 
impact. These models incorporate advanced technologies and features that 
maximise performance using less power. Use energy-efficient space heaters with 
features like timers, thermostats, and safety shut-offs. 

2.	 Zoning: This refers to dividing a space into different zones, each with its temperature 
control system, to optimise heating and energy efficiency. Using zoning techniques 
makes it possible to heat only the areas that are in use, reducing the overall energy 
consumption and increasing comfort. This approach is particularly useful in large 
buildings, offices, warehouses, or homes with multiple rooms that require different 
heating levels.

3.	 Smart Usage: This involves using technology and thoughtful practices to optimise 
the heating process, reduce energy consumption, and increase comfort while 
minimising unnecessary costs. The goal is to use space heaters efficiently, ensuring 
that heating is applied only when and where needed, with minimal environmental 
impact.

Boilers and Furnaces 
1.	 High-Efficiency Models: Upgrade to high-efficiency boilers and furnaces using 

less energy to produce the same heat. These are designed to maximise energy use, 
minimise fuel consumption, and reduce emissions. These systems incorporate 
advanced technologies and features to optimise performance, making them ideal 
for residential and commercial applications.

2.	 Regular Maintenance: This is critical to ensuring that boilers and furnaces operate 
efficiently, safely, and reliably over their lifespan. Effective maintenance can prevent 
unexpected failures, improve energy efficiency, reduce operating costs, and extend 
the system’s life.

3.	 Optimised Operation: This is crucial for improving energy efficiency, reducing 
operational costs, and minimising environmental impact. By ensuring that these 
systems operate at peak performance, facilities can achieve better heat production 
while using less fuel and extending the lifespan of the equipment. Use weather-
compensating controls and modulating burners to optimise the operation of boilers 
and furnaces. 
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Solar Thermal Systems 
1.	 Maximise Solar Gain: It optimises how much sunlight is absorbed and converted 

into usable heat. Solar gain refers to the amount of solar energy the collector captures 
and transfers to the heating medium (usually water or air) for various uses, such 
as space heating or water heating. The angle and orientation of the solar thermal 
collectors significantly influence their ability to capture sunlight. For maximum 
solar gain, collectors should face the sun as directly as possible.

2.	 Regular Cleaning: This is crucial for maintaining the efficiency of solar thermal 
systems. Dirt, dust, leaves, and other debris can accumulate on the surface of solar 
collectors, blocking sunlight and reducing the amount of heat absorbed. This can 
lead to a decrease in system performance and, in some cases, system failure.

3.	 Storage Systems: These are crucial components in solar thermal systems as they 
allow the collected heat to be stored and used when needed, such as during cloudy 
days or nighttime. These systems store the thermal energy generated by solar 
collectors (such as flat plate or evacuated tube collectors) and release it for heating 
water, space, or other applications.

Activity 6.18 Group Brainstorm: Identifying Energy Waste in Thermal 
Equipment

Objective: Recognise common sources of energy waste in thermal systems.

Materials: Chart paper, markers, projector (optional).

Steps
1.	 Form small groups with your classmates.
2.	 Identify ways thermal equipment, like water heaters and boilers, might 

waste energy.
3.	 Share your group’s findings with the class in a 10-minute presentation.

Discussion Questions
a.	 What are the most common sources of energy waste in thermal 

systems?
b.	 How do these affect energy consumption and cost?

Activity 6.19 Energy Savings in Thermal Equipment

Watch this video on energy savings in thermal equipment. 
https://www.youtube.com/watch?v=HkHozg0ckWY

Look out for the following in this video

1.	 Making radiators more efficient
2.	 Improving the efficiency of boilers

https://www.youtube.com/watch?v=HkHozg0ckWY
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3.	 Sealing leaks around the building
4.	 Insulating roof spaces
5.	 Using appliances more efficiently

Share your observations with your classmates in a whole class discussion.

Activity 6.20 Facility Assessment: Insulation in Thermal Equipment

Objective: Assess the effectiveness of insulation in the school’s thermal 
systems.

Materials: Notebooks, thermometers (optional), and access to thermal 
equipment.

Steps

1.	 Visit areas with visible thermal equipment, such as pipes and water heaters.
2.	 Check for both insulated and uninsulated components.
3.	 Document your findings and suggest possible improvements.

Reflect on the following questions:

a.	 How does insulation reduce energy loss?
b.	 What materials could improve insulation in the school’s facilities?

Activity 6.21 Conduct a Heat Loss Test

Objective: Measure heat loss in thermal systems.

Materials: Infrared thermometer (optional), notebooks.

Steps

1.	 With your teacher’s guidance, learn to identify hot spots or areas of heat loss 
in pipes or equipment using a touch or a thermometer.

2.	 Record your findings and work together to discuss potential solutions.

Reflect on the following questions: 

a.	 Where was the greatest heat loss observed?
b.	 How can heat loss be minimised in these areas?
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Activity 6.22 Do it yourself (DIY) Insulation Activity

Objective: Learn how to insulate pipes or tanks effectively.

Materials: Foam insulation tubes, scissors, tape.

Steps

1.	 Use the provided materials to insulate a model pipe or small tank.
2.	 Test and compare the heat retention of the insulated item with an 

uninsulated one.

Reflect on the following questions: 

a.	 How much energy can be saved by insulating pipes and tanks?
b.	 What are the most cost-effective materials for insulation?

Activity 6.23 Maintenance Checklist Creation

Objective: Develop a maintenance checklist for thermal equipment.

Materials: Templates for checklists, pens.

Steps

1.	 Identify maintenance tasks with your teacher’s guidance, such as checking 
for leaks and cleaning.

2.	 Work in groups to create a checklist for regular maintenance.

Reflect on the following questions:

a.	 Why is maintenance important for energy efficiency?
b.	 What common issues arise from neglecting thermal equipment?

Activity 6.24 Group Discussion: Benefits of Energy-Efficient Models

Objective: Compare the benefits of energy-efficient thermal equipment.

Materials: Research data on efficient models vs. traditional equipment.

Steps

1.	 Review the data provided on energy-efficient water heaters or boilers.
2.	 Work in groups to discuss the advantages and present your findings.
3.	 Reflect on the following questions:

a.	 How do energy-efficient models reduce operating costs?
b.	 Are there any barriers to adopting these models?
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Additional Reading Materials 
1.	 “Renewable Energy Engineering” by Nicholas Jenkins and Janaka Ekanayake

2.	 “Renewable Energy: Power for a Sustainable Future” by Godfrey Boyle

3.	 “Solar Energy: The Physics and Engineering of Photovoltaic Conversion” by Klaus 
Jäger et al.

4.	 “Wind Energy Explained: Theory, Design, and Application” by James F. Manwell, 
Jon G. McGowan, and Anthony L. Rogers

5.	 Science Buddies, [available online] at https://www.sciencebuddies.org/science-
fair-projects/science-projects/use-solar-energy/high-school;

https://www.sciencebuddies.org/science-fair-projects/science-projects/use-solar-energy/high-school
https://www.sciencebuddies.org/science-fair-projects/science-projects/use-solar-energy/high-school
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Review Questions 

1.	 What are the key components of an energy management plan?

2.	 How would you identify the main energy-consuming equipment in a building?

3.	 How can students contribute to saving energy in schools?

4.	 What are SMART goals, and why are they useful in energy management?

5.	 How do renewable energy sources fit into an energy management plan?

6.	 What energy-saving measures can be included in a school’s energy management 
plan?

7.	 What is the purpose of a walk-through energy audit?

8.	 What areas should be examined during an energy audit in a school?

9.	 What common issues might be found in heating and cooling systems during 
an audit?

10.How can people record their findings during an energy audit?

11.What tools are commonly used in a walk-through energy audit?

12.Why is it important to save energy when using electrical equipment?

13.What general habits save energy when using electrical equipment?

14.How does using energy-efficient appliances help save energy?

15.How can students reduce energy use in the classroom?

16.Why is regular maintenance important for energy-saving?

17.How can smart devices contribute to energy savings?

18.How can insulating pipes and water heaters save energy?

19.What are programmable thermostats, and how do they help save energy?

20.How can regular maintenance improve the energy efficiency of thermal 
equipment?

21.How do sealing leaks in heating systems save energy?

22.What are tankless water heaters, and how do they save energy?

23.How does proper zoning in heating systems save energy?

24.What role do high-efficiency thermal equipment models play in energy saving?
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SYSTEMS DESIGN AND PROTOTYPING 
Engineering Design

Introduction 
This section introduces engineering design and prototyping fundamentals, emphasising 
the importance of a systematic problem-solving approach. You will explore evaluating 
a range of alternative solutions by defining the problem, generating multiple options, 
assessing these solutions using specific criteria, and selecting the most effective 
one with a clear rationale. Through this process, you will gain practical knowledge 
of creating basic 3D objects via functional prototypes. The steps include defining 
design specifications, planning the prototype, selecting suitable tools and materials, 
conceptualising the 3D object, fabricating the prototype, and refining the design. 
Furthermore, you will understand the critical role of prototyping in engineering, as 
it bridges the gap between initial concepts and final production. Prototyping enables 
engineers to test, improve, and validate their ideas, ensuring the final product aligns 
with its intended goals and functionality.

Key Ideas 

•	 Critically analysing a set of solutions involves systematically assessing each option 
based on key criteria such as feasibility, cost, and potential impact and then selecting the 
most effective solution while providing a clear justification for its ability to address the 
problem comprehensively.

•	 Designing a working prototype based on design requirements involves converting 
specifications into a functional model by assembling suitable components, evaluating 
performance, and refining the design to ensure it aligns with the intended objectives and 
operates effectively.
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TO ANALYSE POSSIBLE SOLUTIONS TO A 
PROBLEM
To critically analyse a set of possible solutions to a problem and justify the selection of 
the optimal solution, follow a structured approach. 

1.	 Start by clearly identifying the problem, ensuring a solid understanding. 
2.	 Next, generate a range of potential solutions, considering various options. 
3.	 Then, evaluate these solutions against specific criteria, such as feasibility, cost, or 

effectiveness. 

4.	 Finally, select the best solution and justify your choice by explaining why it is the 
most suitable option. 

This method ensures a thoughtful, well-supported decision-making process. These 
steps are elaborated below.

1.	 Define the Problem Clearly
Start by providing a precise and detailed definition of the problem. This means 
understanding the key requirements, limitations, and goals. A clear problem 
definition ensures that all potential solutions are evaluated based on the same 
criteria, helping to maintain focus and consistency throughout the decision-making 
process.

2.	 Identify Possible Solutions
Create a list of potential solutions by brainstorming ideas, researching, drawing 
on past experiences, or seeking expert input. Be sure to consider all viable options, 
keeping an open mind to different approaches and perspectives. This helps ensure 
that a wide range of solutions is explored before deciding.

3.	 Establish Evaluation Criteria
Determine the criteria for evaluating each solution. Common criteria include:

a.	 Effectiveness: How well does the solution solve the problem?
b.	 Cost: What are the financial implications of each solution?
c.	 Feasibility: Can the solution be implemented within the constraints (time, 

resources, technology)?
d.	 Risks: What are the potential risks, and how can they be mitigated?
e.	 Sustainability: How does the solution impact the environment or society in the 

long term?
f.	 Scalability: Can the solution be scaled if needed?
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4.	 Analyse Each Solution
Evaluate each solution against the established criteria

a.	 Effectiveness: Check how well the solution solves the problem. Does it address 
the main issue and produce the results you’re hoping for?

b.	 Cost: Compare the costs involved, including how much it will take to start, 
ongoing expenses, and any savings or extra money it might bring in.

c.	 Feasibility: Look at how practical the solution is. Do you have the resources, 
technology, and skills needed to make it work?

d.	 Risks: Think about the possible risks each solution might have. What could go 
wrong, and how likely is it to happen? Also, consider how to reduce or manage 
these risks.

e.	 Sustainability: Think about the long-term effects of the solution on the 
environment and society. Will it have a lasting, positive impact?

f.	 Scalability: Consider if the solution can be expanded or changed to fit larger or 
different situations if necessary.

5.	 Compare Solutions
Create a matrix or table to compare the solutions based on the evaluation criteria. 
Assign weights to each criterion based on its importance and score each solution 
accordingly.

6.	 Select the Optimal Solution
Analyse the scores and identify the solution that best meets the criteria. Based on the 
analysis, justify the choice by explaining why this solution is optimal. Highlight how 
it effectively solves the problem and its cost-effectiveness, feasibility, risk management, 
sustainability, and scalability.

7.	 Justify the Choice
Provide a detailed justification for the chosen solution

a.	 Effectiveness: Explain how the solution effectively addresses the problem.
b.	 Cost: Justify the cost, considering the budget and potential return on investment.
c.	 Feasibility: Discuss the practicality of implementation and the availability of 

resources.
d.	 Risks: Explain how the risks are manageable and what mitigation strategies are 

in place.
e.	 Sustainability: Highlight the long-term benefits and minimal negative impacts.
f.	 Scalability: Demonstrate how the solution can adapt to future needs or growth.
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Example Scenario

Problem: Reducing energy consumption in a manufacturing plant.

Possible Solutions
1.	 Implementing energy-efficient lighting can reduce electricity usage by replacing 

traditional bulbs with more efficient alternatives.
2.	 Upgrading to energy-efficient machinery can lower energy consumption using 

modern, optimised equipment that consumes less power.
3.	 Installing a solar power system allows the plant to generate its renewable energy, 

reducing reliance on external electricity sources.
4.	 Implementing a comprehensive energy management system involves monitoring 

and optimising energy use across the entire plant to ensure efficiency at all levels.

Evaluation Criteria
1.	 Effectiveness
2.	 Cost
3.	 Feasibility
4.	 Risks
5.	 Sustainability
6.	 Scalability

Analysis
1.	 Energy-efficient lighting: Effective in reducing lighting energy consumption, low 

cost, highly feasible, minimal risks, sustainable, but limited scalability.
2.	 Energy-efficient machinery: Significant reduction in energy use, high initial cost, 

feasible with a phased approach, moderate risks, sustainable, and scalable.
3.	 Solar power system: High potential for reducing energy bills, high initial investment, 

feasible with subsidies, risks include weather dependency, highly sustainable, and 
scalable.

4.	 Energy management system: Comprehensive reduction in energy use, moderate 
cost, feasible with training, low risks, sustainable, and scalable. 

Criteria Lighting Machine Solar Power Energy Management

Effectiveness Medium High High High

Cost Low High High Medium

Feasibility High Medium Medium High

Risks Low Medium Medium Low

Sustainability Medium High High High

Scalability Low High High High
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Optimal Solution: Implementing an energy management 
system.
Justification
1.	 Effectiveness: The energy management system provides a comprehensive approach 

to reducing energy consumption across the entire plant.
2.	 Cost: While not the cheapest option, it is more cost-effective in the long term 

compared with high initial investments in machinery or solar power.
3.	 Feasibility: Highly feasible with proper training and resources.
4.	 Risks: Low risks associated with implementation.
5.	 Sustainability: High sustainability, reducing overall energy consumption and 

carbon footprint.
6.	 Scalability: This can be scaled and adapted as the plant grows or new technologies 

become available.

This structured approach ensures a thorough evaluation and a well-justified choice of 
the optimal solution.

Activity 7.1 Evaluation of Real-world Complex Problem

Objective: To evaluate solutions to a complex problem by prioritising 
criteria such as cost, safety, reliability, aesthetics, and social, cultural, and 
environmental impacts.

Materials: Whiteboard/flip chart, markers, printed problem descriptions, 
evaluation criteria sheet, internet access (optional).

Prompt: A domestic home needs to reduce its energy consumption, and you 
must evaluate different solutions [e.g., energy-efficient lighting, solar power, 
upgraded household appliances (machinery)] based on a set of criteria.

Steps

1.	 Briefly explain the problem and the evaluation criteria (cost, safety, 
reliability, aesthetics, and impacts).

2.	 Form a small group with your classmates, evaluate each solution using a 
1-10 scale for each criterion. 

3.	 Discuss the trade-offs between criteria and real-world implications of your 
choices. Which solution has the lowest cost and highest impact?

4.	 Present your group’s evaluations and justify your decision-making process.
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Activity 7.2 Critical analysis

Objective: To critically analyse a community problem, evaluate possible 
solutions based on various constraints, and write a report justifying the selected 
solution(s) considering cost, safety, reliability, aesthetics, and social, cultural, 
and environmental impacts.

Prompt: You are tasked with analysing possible ways for a community to 
improve waste management (liquid and solid) to avoid spreading diseases). Your 
goal is to evaluate possible solutions based on cost, safety, reliability, aesthetics, 
and social, cultural, and environmental impacts and write a report justifying the 
best solution(s).

Materials: Printed copies of the case study; Report template (with sections 
for each criterion); Markers and flip charts; Computers/tablets for research 
(optional); Rubric for evaluation (optional).

Steps
1.	 Read and understand the brief above; identify the problems and possible 

solutions.
2.	 In groups, evaluate the possible solutions against the criteria (cost, safety, 

reliability, aesthetics, and impacts). Discuss the trade-offs for each solution.
3.	 In your groups, don’t forget to address the following questions:

a.	 Which solution did you select and why?
b.	 How did you handle the trade-offs between cost and social/

environmental impacts?
c.	 How did the aesthetics of the solution influence your decision?
d.	 What role did reliability and safety play in your evaluation of each 

solution?
e.	 In what ways did the community’s social and cultural factors affect 

your choice of solution?
Compile points from your discussion in a report or a presentation format. 
Present this to the class for discussion and feedback. 

Activity 7.3 Critical analysis

Objective: To critically analyse a community problem, evaluate possible 
solutions based on various constraints, and write a report justifying the selected 
solution(s) considering cost, safety, reliability, aesthetics, and social, cultural, 
and environmental impacts.

Prompt: You are tasked with analysing the causes of frequent road accidents 
on our roads and how to mitigate them. Your goal is to evaluate possible 
solutions to reduce the risk based on cost, safety, reliability, social, cultural, and 
environmental impacts and write a report justifying the best solution(s).
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Materials: Printed copies of the case study; Report template (with sections 
for each criterion); Markers and flip charts; Computers/tablets for research 
(optional); Rubric for evaluation (optional).

Steps

1.	 Read and understand the brief above; identify the causes and possible 
solutions to reduce the risk.

2.	 In groups, evaluate the possible solutions against the criteria (cost, safety, 
reliability, and impacts). Discuss the trade-offs for each solution.

a.	 In your groups, don’t forget to address the following questions:
b.	 Which solution did you select and why?
c.	 How did you handle the trade-offs between cost and social/

environmental impacts?
d.	 What role did reliability and safety play in your evaluation of each 

solution?
e.	 In what ways did the community’s social and cultural factors affect 

your choice of solution?
3.	 Compile points from your discussion in a report or a presentation format. 

Present this to the class for discussion and feedback. 

Activity 7.4 Reducing Food Wastage in the School Cafeteria

Objective: To work in groups to propose a solution to reduce food waste in their 
school cafeteria while considering environmental, economic, and social factors.

Prompt: The school cafeteria generates a significant amount of food waste 
daily, which negatively impacts both the environment and the budget. Propose 
a plan to reduce this waste, ensuring it is environmentally sustainable, cost-
effective, and socially acceptable.

Materials: Brief handouts; Evaluation criteria sheets (environmental impact, 
cost, feasibility, social acceptance); Computers/tablets for research (optional); 
Presentation tools (PowerPoint, Google Slides, poster boards); Rubric for 
evaluating presentations (optional).

Steps

1.	 Read and understand the brief above. Analyse the food waste problem, and 
identify its causes and current solutions.

2.	 Research solutions like composting, portion control, food donation, and 
waste separation, evaluating them for environmental, economic, and social 
feasibility.

3.	 Choose the best solution(s) and create a plan detailing implementation, 
costs, resources, and involvement of students and staff.

4.	 In your groups, don’t forget to address the following questions:
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a.	 How did you prioritise the environmental, economic, and social 
factors when choosing your solution?

b.	 What barriers might your solution face in terms of student 
participation or staff support?

c.	 How can your plan be adapted for other schools or communities 
facing similar food waste problems?

5.	 Compile your discussion into a presentation format and present your 
solution to the class.

Extension Activity (i) Promoting Healthy Lifestyles

Objective: Develop solutions to improve student health habits.

Materials: Survey results on student habits, health articles.

Steps

1.	 Your teacher shall give you a case study about poor health choices among 
the students concerned.

2.	 Work in a group to suggest strategies like fitness challenges, healthier 
cafeteria menus, or mental health support.

3.	 Present action plans with expected outcomes.

Discussion Questions

a.	 How can the school community support these initiatives?
b.	 What resources are needed for implementation?

Extension Activity (ii) Improving Classroom Air Quality

Objective: Analyse methods to enhance air quality in classrooms.

Materials: Case study on poor air quality, air quality reports.

Steps

1.	 Your teacher shall present to you a case study about stuffy classrooms.
2.	 Work in a group to research and discuss possible solutions (e.g., ventilation 

systems, air purifiers, adding plants).
3.	 Present solutions with pros and cons of each.

Discussion Questions

a.	 Which solution has the most long-term benefits?
b.	 How can the cost of implementation be managed?
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DESIGNING 3D WORKING PROTOTYPES
Creating a working prototype for simple 3D objects involves a few key steps: figuring 
out your design needs, planning how to make it, choosing the right tools and materials, 
designing the 3D object, printing it, and then making improvements. Here’s a step-by-
step guide to help you through the process:

1.	 Define the Design Requirements
The design requirements for this project might include:
a.	 Use a 3D printer to create simple 3D objects.

Figure 7.1: A picture of a 3D printer with a 3D object

b.	 The 3D object should be designed using CAD software.
c.	 The design should include basic geometric shapes like cubes, spheres, and 

cylinders.
d.	 The object should be functional or decorative.

2.	 Plan the Prototype
Create a plan that includes the design concept, the software tools needed, and the 
3D printing process:

a.	 Design Concept
Start by creating a simple 3D object, such as a keychain, a small box, or a figurine.

b.	 Software Tools
i.	 Use CAD software (e.g., Tinkercad, Fusion 360, Blender) to design the 3D 

object.
ii.	 Use slicing software (e.g., Cura, PrusaSlicer) to prepare the design for 3D 

printing.

c.	 3D Printing Process
i.	 Design the object using CAD software.
ii.	 Export the design as an STL file.
iii.	 Import the STL file into the slicing software.
iv.	 Configure print settings (e.g., layer height, infill density).
v.	 Print the object using a 3D printer.



211

ENGINEERING DESIGN AND PROTOTYPINGSECTION 7

3.	 Select Tools and Materials

a.	 3D Printer: Choose a reliable 3D printer, such as the Creality Ender 3 or the 
Prusa i3 MK3S.

Figure 7.2: A picture of a 3D Printer

b.	 Filament: Select the appropriate filament type (e.g., PLA, ABS) and colour.

Figure 7.3: A picture of a 3D printer Filament

c.	 CAD Software: Use Tinkercad for beginners or Fusion 360 for more advanced 
users to design your 3D object.

d.	 Slicing Software: Use Cura or PrusaSlicer to prepare the design for printing.
e.	 Additional Tools: Have tools like a spatula, tweezers, and callipers on hand to 

post-process the printed object.

4.	 Design the 3D Object

a.	 Open CAD Software: Start with Tinkercad for simplicity.
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Figure 7.4: A picture of a Tinkercad workplane interface

b.	 Create Basic Shapes

i.	 Drag and drop basic shapes (cube, sphere, cylinder) from the toolbar.

Figure 7.5: A picture of how to drag and drop basic shapes in the workplane

ii.	 Resize and position the shapes as needed.

Figure 7.6: A picture of how to Resize and position shapes in the workplane.

iii.	Combine shapes to form the desired 3D object.
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Figure 7.7: A picture of how to Combine Shapes in the workplane

c.	 Refine the Design
i.	 Incorporate functional or decorative elements, such as holes or text, to 

enhance the object’s usability and appearance.
ii.	 Verify that the design has no gaps or intersecting faces, ensuring a solid, 

closed shape without non-manifold geometry.

Example

1.	 Designing a simple keychain
a.	 Create a rectangle to form the base of the keychain, adjusting the size to your 

desired dimensions.
b.	 Insert a small cylinder to represent the hole for the keyring, positioning it at the 

top of the rectangle.
c.	 Use the text tool to add a custom message or logo to the keychain, adjusting size 

and position.

Figure 7.8: A picture of 3D keychain design

2.	 Export the Design
Export your completed keychain design as an STL file, ensuring it’s ready for 3D 
printing.
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3.	 Prepare for 3D Printing
a.	 Open Slicing Software: Launch slicing software such as Cura or PrusaSlicer to 

prepare your design for printing.
b.	 Import the STL File: Load the exported STL file into the slicer software.
c.	 Configure Print Settings

i.	 Choose a layer height (e.g., 0.2 mm) to balance print quality and speed.
ii.	 Set the infill density (e.g., 20%) to ensure moderate strength and material 

usage.
iii.	Fine-tune settings like print speed and support structures based on your 

design and printer’s requirements.

4.	 Generate G-code
a.	 After configuring the print settings, slice the model in the slicing software to 

generate the instructions for the 3D printer.
b.	 Once slicing is complete, save the G-code file containing the printing instructions 

(layer by layer) for the 3D printer to follow.

5.	 Print the Object
a.	 Prepare the 3D Printer

i.	 Load the filament of your choice (e.g., PLA, ABS) into the 3D printer 
according to the manufacturer’s instructions.

ii.	 Check and level the print bed to ensure proper adhesion and an even print 
surface.

b.	 Start the Print
i.	 Transfer the saved G-code file to the 3D printer via an SD card or USB drive.
ii.	 Start the print and monitor the initial layers closely to ensure proper 

adhesion to the print bed and consistent extrusion.

c.	 Post-Processing
i.	 After printing is complete, remove the object from the print bed.
ii.	 Remove any support structures and clean up the edges or any excess material 

to smooth out the surface as needed.

6.	 Test and Refine the Design
a.	 Evaluate the Print

i.	 Check for dimensional accuracy and overall quality.
ii.	 Test the functionality to see if it’s a functional object.

b.	 Make Adjustments
i.	 Return to the CAD software to make any necessary design changes.
ii.	 Reprint the object if significant changes were made.

c.	 Documentation
i.	 Design Files: Include the final STL and CAD files used for the keychain 

design to ensure others can access and modify the model.
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ii.	 Print Settings: Document the slicing settings used, such as layer height, infill 
density, print speed, support structures, and other relevant configurations.

iii.	Testing Results: Record any observations, issues that arose during the 
printing process, and the solutions implemented to address those issues.

iv.	 User Manual: Write a brief guide explaining how to use the printed keychain 
and modify the design (e.g., resizing, adding custom text/logos).

Activity 7.7 Designing a Portable Phone or Pen Stand

Objective: Create a foldable and portable phone stand, or a simple pen stand 
to hold at least five (5) pens or pencils.

Materials: 3D modelling software (e.g., Tinkercad), 3D printer, rulers, and 
materials for prototyping.

Steps

1.	 Organise yourselves into groups of no more than five. 
2.	 In your groups, discuss the design requirements (e.g., compact size, 

stability).
3.	 Sketch initial ideas and create a digital 3D model.
4.	 Print the prototype and test its functionality.
5.	 Discuss the following questions with your group members, 

a.	 What challenges did you face in designing for portability?
b.	 What were the key dimensions you considered and why?
c.	 What features did you include and why?
d.	 How can the design be improved for durability?

6.	 Present your protype and share your reflections with the class. 

  

Figure 7.9: Picture of a Portable phone stand
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Figure 7.10: Picture of a Desk Tidy (Pen Stand)

Activity 7.8 Making a Keychain with Personal Branding

Objective: Design a customised keychain using branding elements.

Materials: 3D modelling software, 3D printer, branding examples.

Steps

1.	 Organise yourselves into groups of no more than five. 
2.	 In your groups, brainstorm a keychain design reflecting personal or school 

branding.
3.	 Discuss the steps and considerations involved in the design process. 
4.	 Create and print the prototype using a 3D printer.
5.	 Once you have printed the prototype, in your groups discuss the following 

questions

a.	 What do you think are the strengths and weaknesses of 3D printing?
b.	 How do you see the future of 3D printing?

6.	 Present your prototype and share your reflections with the class. 

Figure 7.11: A picture of a keychain with personal branding
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Extension Activity (i) Developing a Wind Turbine Model

Objective: Build a prototype of a small wind turbine.

Materials: 3D modelling software, motor, blades, 3D printer.

Steps

1.	 Study wind turbine designs.
2.	 Form smaller groups with your classmates.
3.	 Designs and prints the turbine blades and base using a 3D printer.
4.	 Assemble and test the prototype with a small motor.

Questions

a.	 How does blade shape affect energy generation?
b.	 What modifications can improve efficiency?

Figure 7.12: A picture of a 3D turbine model

Extension Activity (ii) Building a Model Vehicle

Objective: Design a working prototype of a small vehicle.

Materials: 3D modelling software, wheels, axles, motors, 3D printer.

Steps

1.	 Form smaller groups with your classmates.
2.	 Work as a group to decide on a vehicle type (e.g., car, truck).
3.	 Design and print using a 3D printer the body, wheels, and other components.
4.	 Assemble and test the movement.

Questions

a.	 How does weight distribution affect performance?
b.	 What features enhance stability and control?
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Figure 7.13: A picture of a small 3D vehicle

Extension Activity (iii) Designing a Bridge Structure

Objective: Create a scaled model of a bridge.

Materials: 3D modelling software, 3D printer, weight-testing materials.

Steps

1.	 Research different bridge designs and their applications.
2.	 Design a bridge prototype to support a specific load.
3.	 Print using a 3D printer and test its strength with weights.

Questions

a.	 What structural elements provide the most strength?
b.	 How can the design be optimised for real-world applications?

Figure 7.14: A picture of a 3D design bridge
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Additional Reading Materials 
1.	 Watch a video on how to use Tinkercad to create 3D models: https://youtu.be/

gOs6Mdj7y_4?si=RK97bEJufGpVsubX

2.	 Watch a video on how 3D printer works: https://youtu.be/
f94CnlQ0eq4?si=fIIE8ThTZljswI8a

3.	 Watch a video on 3D printing guide for beginners: https://youtu.
be/2vFdwz4U1VQ?si=u__l-677GUTm8La0

4.	 CETE: Report Incorporating Engineering Design Challenges into STEM Courses, 
National Center for Engineering and Technology Education (2012) 

5.	 Wesley L. Stone and Hugh Jack, “Project-Based Learning: Integrating Engineering 
Technology and Engineering,” in American Society of Engineering Education An-
nual Conference, Columbus, Ohio, 2017. 

6.	 Engineering Design and Manufacturing Education through Research Experience 
for High School Teachers. Available from: https://www.researchgate.net/publica-
tion/326822347_Engineering_Design_and_Manufacturing_Education_through_
Research_Experience_for_ High_School_Teachers 

https://youtu.be/gOs6Mdj7y_4?si=RK97bEJufGpVsubX
https://youtu.be/gOs6Mdj7y_4?si=RK97bEJufGpVsubX
https://youtu.be/f94CnlQ0eq4?si=fIIE8ThTZljswI8a
https://youtu.be/f94CnlQ0eq4?si=fIIE8ThTZljswI8a
https://youtu.be/2vFdwz4U1VQ?si=u__l-677GUTm8La0
https://youtu.be/2vFdwz4U1VQ?si=u__l-677GUTm8La0
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Review Questions 

1.	 How do you prioritise solutions when multiple options are available?

2.	 What software tools can be used for 3D modelling, and why are they important?

3.	 How can you document the 3D prototyping process effectively?

4.	 What are the basic steps to start designing a 3D prototype?

5.	 What is a 3D prototype, and why is it important in design?

6.	 How does 3D modelling software help in the prototyping process?

7.	 What is the first step in analysing possible solutions to a problem?
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SYSTEMS DESIGN AND PROTOTYPING 
Rapid Prototyping

Introduction 
This section will guide you through turning CAD models into physical objects using a 
3D printing system. The process starts with selecting the right software, understanding 
its basic functions, designing the model, and preparing it for 3D printing or other 
manufacturing methods. You will gain insight into key operations involved in 
model design, including how to create accurate and functional 3D representations. 
Additionally, the section will cover the stages of setting up, adjusting, and using a 
3D printer to produce prototype models from the CAD designs. By the end, you will 
understand the essential steps to bring their digital designs to life using 3D printing.

Key Ideas 

•	 Designing accurate 3D models with CAD software involves creating detailed 
digital representations of objects, which can be used for prototyping, simulation, or 
manufacturing.

•	 Setting up and configuring a 3D printer involves preparing the device, adjusting settings, 
and printing precise prototype models based on CAD designs.
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CREATING 3D MODELS
Applying CAD tools to create models involves several key steps: selecting the right 
software, understanding its basic features, designing the model, and preparing it for 
3D printing or other manufacturing processes. This guide will walk you through these 
steps using popular CAD tools, such as Tinkercad for beginners and Fusion 360 for 
more advanced users. Whether designing a simple object or a more complex prototype, 
these tools will help you create accurate 3D models and prepare them for production.

Step-by-Step Guide: Using Tinkercad
1. Create an Account and Start a New Design

a.	 Sign Up: Visit the Tinkercad website (i.e. https://www.tinkercad.com/join) and 
create a free account by entering your email and choosing a username and pass-
word.

Figure 8.1: The Tinkercad login interface

b.	 New Design: After logging in, click “Create” and select “3D Design” from the 
dropdown menu to begin a new project and open the design workspace.

Figure 8.2: The Tinkercad home page showing the create menu.

https://www.tinkercad.com/join
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2. Understand the User Interface
a.	 Workplane: The grid area where you can drag, drop, and arrange shapes to 

build your 3D model.
b.	 Shapes Library: A collection of basic geometric shapes, text, and more 

advanced models that you can use to start building your design.
c.	 Toolbar: The set of tools located at the top of the screen, which allows you to 

group, align, and modify shapes to refine your design.

Figure 8.3: The Tinkercad design interface showing the Workplane, shapes library and toolbar.

3. Design a Simple 3D Model (Example: Keychain)
a.	 Drag Shapes: Drag a rectangle (parallelepiped) from the shapes library to the 

work plane.
b.	 Resize Shape: Click on the shape and use the white handles to resize it (e.g., 50 

mm x 20 mm x 3 mm).
c.	 Add Text: Drag the “Text” shape to the work plane, resize it, and position it on 

the rectangle.
d.	 Create a Hole: Drag a cylinder shape, resize it to a small circle (e.g., 5mm 

diameter), and position it near the edge of the rectangle. Set it as a hole using 
the “Hole” option in the inspector.

e.	 Group Shapes: Select all shapes (rectangle, text, and cylinder), then click the 
“Group” button to merge them into a single model.

Note: The control handles that appear when the object is highlighted can be used to edit 
the shape. Click and drag on the white nodes to resize freely. You can press down the 
shift key to keep the initial aspect ratio. Use the black nodes to resize in a single direction. 
And the black cone node on top and arrows adjust the height and rotate the shape with 
respect to the workplane. 
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Figure 8.4: Tinkercad workplane showing the design of the keycard.

4.  Export the Model
Export as STL: Click on the “Export” button and choose “STL” format to download 
your design for 3D printing.

Step-by-Step Guide: Using Fusion 360
1.	 Install and Set Up Fusion 360

a.	 Download: Go to the Autodesk website and download the Fusion 360 installer 
for your operating system (Windows or Mac).

b.	 Install and Launch: Follow the installation instructions, including accepting 
any terms and selecting installation preferences (e.g., installation location).

c.	 Sign In: Open Fusion 360 and sign in using your Autodesk account. You’ll 
be prompted to create an account if you do not have an account. Once logged 
in, you can access all Fusion 360 features, including cloud-based storage and 
collaborative tools.

2.	 Understand the User Interface

a.	 Toolbar: The toolbar has all the tools you need to create and change your design, 
like drawing shapes or adding special features (like holes or curves).

b.	 Browser: The browser is like a list on the screen that shows all the parts, 
sketches, and steps you’ve made in your project, helping you stay organised.

c.	 Canvas: The canvas is the main area where you draw and build your design in 
2D or 3D, and it’s where you can see and edit your model from different angles.

d.	 Timeline: The timeline shows a step-by-step history of everything you’ve done 
to your design, so you can easily go back and change something if needed.
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3.	 Design a Simple 3D Model (Example: Simple Box)

a.	 Create a Sketch

i.	 Click “Create Sketch” and select a plane (e.g., the XY plane). The XY plane 
is flat, so you’ll first draw on it in 2D.

ii.	 Use the rectangle tool to draw a 50mm x 50mm square. Click on the rectangle 
tool and click and drag to make a square that’s 50mm by 50mm.

iii.	Finish the sketch when you have drawn the square. Click the “Finish Sketch” 
button to stop editing the 2D shape.

b.	 Extrude the Sketch

i.	 Select the sketch (the square you made) and click “Extrude”. This tool will 
turn your 2D square into a 3D shape.

ii.	 Enter a height (e.g., 30mm) and click “OK”. Set the height you want for your 
box (30mm in this case), and the shape will turn into a 3D box with that 
height.

c.	 Add Features

i.	 Create another sketch on one of the faces of the box. Select one of the flat 
faces of the box and click “Create Sketch” again to start drawing on that 
face.

ii.	 Draw a circle in the desired location. Use the circle tool to draw a circle 
where you want the hole to be. You can adjust its size and position.

iii.	Finish the sketch and use the “Extrude” tool to cut through the box. Finish 
the sketch and select the circle. Then, choose the “Extrude” tool, but this 
time choose “Cut” to remove the material and make a hole through the box.

d.	 Fillet Edges

i.	 Select edges to be rounded. Click on the sharp edges of the box that you 
want to round off.

ii.	 Click on “Fillet” and specify the radius. Use the “Fillet” tool to round the 
edges. You can set the size of the curve by adjusting the radius (e.g., 5mm).

4.	 Assemble Components (if necessary)
a.	 Insert Components: Use the “Insert” menu to add multiple components.
b.	 Joint Tool: Use the “Joint” tool to define relationships between components.

5.	 Export the Model
Save as STL: Right-click the body or component in the browser and select “Save 
As STL”.
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3D Printing Preparation
1.	 Open Slicing Software: Open a slicing software like Cura or PrusaSlicer to prepare 

your model for printing.
2.	 Import the STL File: Import the STL file you exported from your CAD software into 

the slicer.
3.	 Configure Print Settings: Adjust settings like layer height, infill density, print speed, 

and support structures to suit your print.
4.	 Generate G-code: Slice the model and save the G-code file containing the printer’s 

instructions.

Testing and Refinement
1.	 Print the Object: Transfer the G-code to your 3D printer and begin printing.
2.	 Evaluate the Print: After printing, check the model for accuracy, surface finish, and 

how well it works.
3.	 Make Adjustments: If needed, go back to your CAD software, adjust the design, and 

print again.

Documentation
1.	 Design Files: Save and organise your CAD files (like. f3d or .stl) for easy access later.
2.	 Print Settings: Document the slicing settings you used, such as layer height and 

print speed, for each print.
3.	 Testing Results: Record any issues you encountered, along with your observations 

and solutions.
4.	 User Guide: Write a short user guide explaining how to use and modify the design.

Following these steps, you can create simple 3D models and prepare them for 3D 
printing using CAD tools. This process covers the basics of 3D modelling, slicing, and 
printing, which are essential for prototyping and manufacturing.

Activity 8.1 Redesign a Common Household Item

Objective: Discussion on the fundamental concepts and principles of CAD, 
such as the user interface, basic drawing and modelling techniques, and the use 
of layers.

Steps
1.	 Join a small group of your classmates.
2.	 Discuss the fundamental concepts and principles of CAD. Be guided by the 

following questions:
a.	 What is the user interface, and how does it work?
b.	 What are the basic drawing and modelling techniques in CAD, and 

how are they used?
c.	 How are layers used in CAD?
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Share your group’s insights and discussion with the class for feedback.

Figure 8.5: A picture of a frame

Activity 8.2 Create a 3D model of a wall hook

Objective: You will design a 3D model of a functional (can support weight) and 
decorative wall hook and prepare it for 3D printing.

Prompt: Design a 3D wall hook that can support the weight of everyday items 
like coats or bags, is easy to mount on a wall, and has a creative, decorative 
design.

Materials:

Computers with CAD software (e.g., Fusion 360, Tinkercad); 3D printer; Slicing 
software (e.g., Cura or PrusaSlicer); PLA filament for 3D printing; Ruler or 
measuring tool for dimensions; Access to a 3D printer (or school’s printing lab).

Steps

1.	 Use CAD software to create a wall hook with a sturdy base, hook, and 
decorative elements. Ensure the hook’s design supports weight and is easily 
mounted to a wall.

2.	 Ensure your design is realistic by checking the size, structure, and how it 
will attach to the wall (consider screw holes or mounting points).

3.	 Export the model as an STL file, open it in the slicing software, and set print 
parameters such as layer height, infill, and support structures.

4.	 Transfer the G-code to the 3D printer and print the wall hook. After printing, 
check the model for accuracy and strength.

5.	 Reflect on the following questions and engage in a class discussion: 

a.	 What factors did you consider when designing the hook to ensure it 
could support weight?

b.	 How did the decorative design elements impact the functionality of 
the wall hook?

c.	 Why is it important to choose the correct print settings (like layer 
height and infill density) for this project?

d.	 How would you modify the design if you needed the hook to support 
heavier objects, like a backpack?
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e.	 What other real-world objects could you design and print with similar 
considerations for strength and decoration?

Activity 8.3 3D Modelling and Printing a Personalised Nameplate

Objective: To design a customised nameplate that displays a name or message, 
can stand on a desk or hang on a wall, and may include decorative elements or 
logos.

Materials
•	 Computers with CAD software (e.g., Fusion 360, Tinkercad)
•	 3D printer
•	 PLA filament for printing
•	 Slicing software (e.g., Cura or PrusaSlicer)
•	 Ruler or measuring tool for dimensions
•	 Optional: company logos or images for reference

Prompt: Design a personalised 3D nameplate that can stand on a desk or 
hang on a wall, clearly displaying a name or message, and optionally include 
decorative elements like patterns or logos.

Steps
1.	 Use CAD software to create the shape of the nameplate. Include space for a 

name, message, or logo, and decide whether the nameplate will be designed 
to stand on a desk or hang on a wall.

2.	 Customise the design by adding decorative elements like patterns, borders, 
or logos. Ensure the design remains clear and legible.

3.	 Export your model as an STL file, then import it into the slicing software. Set 
print parameters like layer height, infill, and support structures if needed.

4.	 Transfer the G-code to the 3D printer, print the nameplate, and check the 
final print for quality and accuracy.

Questions
a.	 What considerations did you have when designing the nameplate to 

ensure it is legible and looks professional?
b.	 How did you decide on the size and shape of the nameplate to ensure 

it fits well on a desk or can hang easily on a wall?
c.	 Why is it important to choose decorative elements that complement 

the name or message on the nameplate?
d.	 How might the printing settings (like layer height and infill) affect the 

final strength and appearance of the nameplate?
e.	 If you were designing nameplates for a company or organisation, how 

would you incorporate logos or branding into your design?
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Activity 8.4 3D Modelling and Printing of a Functional Bottle Opener

Objective: To design a 3D model of a bottle opener that is compact, portable, 
and strong enough to open bottles effectively.

Materials

•	 Computers with CAD software (e.g., Tinkercad, Fusion 360)
•	 3D printer
•	 PLA filament for printing
•	 Slicing software (e.g., Cura or PrusaSlicer)
•	 Ruler or measuring tool for precise dimensions

Prompt: Design a small, portable, and strong 3D bottle opener that can easily 
open and conveniently carry bottles.

Steps

1.	 Form a small group with your classmates.
2.	 Work with your group to create a compact, ergonomic bottle opener with 

CAD software. Focus on the shape that will provide enough leverage to open 
a bottle while being small enough to carry in a pocket or bag.

3.	 Ensure the design is strong enough to withstand the pressure of opening 
bottles. Consider factors like the thickness of the material and reinforcement 
in key areas.

4.	 Once the design is ready, export it as an STL file and load it into the slicing 
software. Set the print parameters for strength, such as a higher infill 
percentage and appropriate layer height.

5.	 Transfer the G-code to the 3D printer and print the model. After printing, 
test its strength and functionality on an actual bottle.

Reflect on the following questions and engage in a discussion with your class for 
feedback:

a.	 What design features did you include to ensure the bottle opener is 
compact and strong?

b.	 How did you decide the dimensions and shape of the bottle opener to 
make it easy to carry but still effective at opening bottles?

c.	 What print settings (like infill or layer height) did you choose to 
ensure the opener would be strong enough to perform its function?

d.	 How could you improve the design for better comfort or ease of use, 
such as adding grips or a more ergonomic shape?

e.	 What other everyday objects could benefit from being 3D printed for 
portability and functionality, and how would you approach designing 
those?
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Activity 8.5 3D Modelling and Printing of a Functional and Decorative 
Plant Pot

Objective: You will design a 3D model of a plant pot that can hold soil and 
a small plant, has drainage holes to prevent waterlogging, and features an 
aesthetic design to complement home décor.

Materials

•	 Computers with CAD software (e.g., Tinkercad, Fusion 360)
•	 3D printer
•	 PLA filament for printing
•	 Slicing software (e.g., Cura or PrusaSlicer)
•	 Measuring tools (ruler or callipers).

Prompt: Design a 3D plant pot that is practical for holding a small plant, 
includes drainage holes to avoid water buildup, and features a visually appealing 
design that fits with home décor.

Steps

1.	 Use CAD software to create the basic shape of a plant pot, ensuring it has 
enough space for soil and a small plant. Should drainage holes at the bottom 
be included to prevent waterlogging?

2.	 Customise the design with decorative elements like patterns, textures, or 
shapes that align with home décor styles. Consider how the pot will look in 
different settings (e.g., modern, rustic).

3.	 Export the design as an STL file and import it into slicing software. Adjust 
settings like layer height and infill to ensure the pot is solid and durable 
enough to hold the plant and soil.

4.	 Transfer the G-code to the 3D printer and start printing. After the print 
is complete, check the pot for stability, drainage functionality, and visual 
appeal.

5.	 Reflect on the following questions and engage in a whole-class discussion for 
feedback: 

a.	 How did you ensure the pot has enough drainage holes to prevent 
waterlogging while maintaining a strong structure?

b.	 What design elements did you incorporate to make the plant pot 
visually appealing, and how did you consider home décor trends?

c.	 How did you decide the size and proportions of the pot to fit a small 
plant while leaving enough room for soil?

d.	 What print settings did you choose to ensure the pot is strong enough 
to hold a plant without cracking or breaking?

e.	 How might you adjust the design if the plant pot needed to hold a 
larger plant, and what challenges would you face?
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TO PRODUCE CAD PROTOTYPES
Setting up and using a 3D printer to create models from CAD files involves several 
important steps. This guide will walk you through the entire process, from setting up 
the printer to configuring settings and starting the print. Follow these steps carefully to 
make sure your prototype turns out correctly.

1.	 Choose the Right 3D Printer
When choosing a 3D printer, consider your needs and the features that matter 
most. Consider the build volume (how big the objects you can print are), material 
compatibility (whether the printer supports the types of filaments you want to use), 
resolution (how detailed your prints will be), and price (how much you’re willing 
to spend). These factors will help you pick the right 3D printer for your projects.

2.	 Set Up the 3D Printer

a.	 Unbox and Assemble
i.	 Unbox the Printer: Carefully take the 3D printer and its parts out of the box.
ii.	 Assemble the Printer: Follow the manufacturer’s instructions to assemble 

the 3D printer. This typically includes assembling the frame, attaching the 
print bed, and connecting the extruder and other components.

b.	  Level the Print Bed
i.	 Initial Levelling: If your printer has manual levelling knobs, use them to 

make sure the print bed is as flat as possible.
ii.	 Use a Piece of Paper: Place a piece of paper between the nozzle and the print 

bed and adjust the bed height until the nozzle lightly touches the paper.
iii.	Auto-Levelling: If your printer has auto-levelling, follow the printer’s 

instructions to level the bed automatically.

c.	 Load the Filament
i.	 Heat the Nozzle: Preheat the nozzle to the correct temperature for the 

filament (e.g., 200°C for PLA).
ii.	 Insert Filament: Feed the filament into the extruder until it comes out of the 

nozzle.

3.	 Configure the 3D Printer
a.	 Connect to the Printer

i.	 Via USB or SD Card: Connect your computer to the printer using a USB 
cable or transfer files via an SD card.

ii.	 Install Printer Drivers: If needed, install the correct drivers for your 3D 
printer so your computer can communicate.

b.	 Use Slicing Software

i.	 Install Slicing Software: Download and install slicing software like Cura, 
PrusaSlicer, or Simplify3D to prepare your 3D model for printing.
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ii.	 Add Printer Profile:
•	 Open the software, add your printer model from the list of supported 

printers, and set up the basic settings like print bed size, nozzle diameter, 
and filament type

4.	 Prepare CAD Models for Printing
a.	 Create or Import CAD Models

i.	 Design in CAD Software: Use software like Tinkercad, Fusion 360, or others 
to design your 3D model.

ii.	 Export as STL: After completing the design, export the model as an STL file, 
which is needed for printing.

b.	  Slice the Model
i.	 Open the STL File: Import the STL file into your slicing software to prepare 

it for printing.

c.	  Configure Print Settings:
i.	 Layer Height: Set the layer height (e.g., 0.2 mm).
ii.	 Infill Density: Choose the infill percentage (e.g., 20%) to decide how solid 

the model will be inside.
iii.	Print Speed: Adjust the print speed depending on the filament and complexity 

of the model.
•	 Supports: Enable supports if your model has overhangs.
•	 Temperature Settings: Set the nozzle and bed temperature based on your 

filament (e.g., 200°C for PLA nozzle, 60°C for bed).

d.	 Generate G-code: Slice the model and create the G-code file, which tells the 3D 
printer how to print your model.

5.	 Utilise the 3D Printer
a.	 Transfer and Start the Print

i.	 Transfer G-code: Transfer the G-code file to the 3D printer using an SD card 
or USB connection.

ii.	 Start Printing: Start the print job using the printer’s control panel.

b.	 Monitor the Print
i.	 Initial Layers: Watch the first few layers closely to ensure they stick well to 

the print bed.
ii.	 Ongoing Monitoring: Periodically check the print while it’s running to 

ensure everything is progressing smoothly and there are no issues like 
warping or shifting layers.

6.	 Post-Processing
a.	 Remove the Print

i.	 Cool Down: Let the print bed and model cool down before removing the 
print to avoid damaging the print.
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ii.	 Careful Removal: Use a spatula or scraper to lift the model off the print bed 
gently.

b.	 Clean Up
i.	 Remove Supports: Carefully remove any support structures using pliers or 

cutters.
ii.	 Sand and Polish: Sand the model’s surface to smooth out any rough edges 

and give it a clean finish.

c.	 Documentation and Refinement
i.	 Document Settings: Write down the print settings you used, such as 

temperature, speed, and infill.
ii.	 Evaluate the Print: Inspect the printed model for accuracy and quality, 

noting any issues you encountered
iii.	Refine the Design: If needed, return to your CAD software to tweak the 

design and print again.

Activity 8.6 Design and Print a Custom Keychain

Objective: You will design a personalised keychain using CAD software and 
produce it with a 3D printer.

Materials

•	 Computer with CAD software (Tinkercad, Fusion 360)
•	 3D printer (with filament)
•	 Keychain ring
•	 Reference images of keychain designs

Prompt: Create a custom keychain with your name, initials, or a unique design. 
It should be functional and aesthetically pleasing.

Steps

1.	 Discuss the design and functional requirements of a keychain.
2.	 Use CAD software to design a personalised keychain (considering size 

and design elements). (Watch this video for help: https://youtu.be/
kRkcYMoCSvY?si=bVla9POU96_Ow0VT )  

3.	 Export the design as an STL file and load it into the 3D printer software. (Watch 
this video for help: https://youtu.be/Q74-sD8imYo?si=Xpouw3CxItB1AxW5) 

https://youtu.be/kRkcYMoCSvY?si=bVla9POU96_Ow0VT
https://youtu.be/kRkcYMoCSvY?si=bVla9POU96_Ow0VT
https://youtu.be/Q74-sD8imYo?si=Xpouw3CxItB1AxW5
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4.	 Print the keychain using the 3D printer, ensuring proper settings 
for size and material. (Watch this video for help: https://youtu.be/
cbnUASfhtns?si=HMD7b3F6K7qNvY0h) 

5.	 Attach the keychain ring and prepare to present to your class.

Reflect on the following questions and engage in a class discussion for feedback:

a.	 What design elements made your keychain functional and unique?
b.	 How did you ensure the keychain was sturdy and durable?
c.	 What changes would you make if the keychain were to be mass-

produced?
d.	 What are the pre-print checks that should be performed before 

starting a 3D print?
e.	 How should you monitor the progress of a 3D print job?

Extension Activity (i) Design and Print a Custom Puzzle

Objective: You will design and print a custom 3D puzzle with interlocking 
pieces using a 3D printer.

Materials
•	 Computer with CAD software (Fusion 360, Tinkercad)
•	 3D printer and filament
•	 Measuring tools for puzzle piece dimensions

Prompt: Design a 3D puzzle with interlocking pieces that can be assembled 
into a solid shape. The puzzle should be challenging but solvable.

Steps

1.	 Discuss the principles behind puzzle design and how interlocking pieces 
work.

2.	 Design the pieces in CAD software, ensuring they fit together smoothly.
3.	 Export the puzzle design and print the pieces.
4.	 Assemble the puzzle and ensure it fits together correctly.

https://youtu.be/cbnUASfhtns?si=HMD7b3F6K7qNvY0h
https://youtu.be/cbnUASfhtns?si=HMD7b3F6K7qNvY0h
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5.	 Present the puzzle and discuss its complexity.

Reflect on the following questions

a.	 How did you ensure the puzzle pieces interlock correctly?
b.	 What challenges did you face in designing the pieces for easy 

assembly?
c.	 How would you modify the design to make the puzzle more 

challenging?

Extension Activity (ii) Create a Model for a Miniature Furniture Piece

Objective: You will design and print a small-scale model of a piece of furniture 
(e.g., a chair or table).

Materials
•	 Computer with CAD software (Fusion 360, SolidWorks)
•	 3D printer and filament
•	 Reference images of furniture pieces

Prompt: Form smaller groups with your classmates. Design and print a 
miniature piece of furniture, ensuring it is structurally sound and aesthetically 
appealing.

Steps

1.	 Research miniature furniture designs and discuss key features (e.g., balance, 
scale).

2.	 Use CAD software to create a detailed model of the piece.
3.	 Export the design and print the miniature furniture using a 3D printer.
4.	 Evaluate the model’s stability and aesthetics.
5.	 Present the design and consider potential modifications.

Reflect on the following questions

a.	 How did you ensure the furniture piece would be stable at a small 
scale?

b.	 What challenges did you face in maintaining the aesthetic qualities of 
the design?

c.	 How might you adapt the design for full-scale production?
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Additional Reading Materials 
1.	 Watch a video on how to use Tinkercad to design a keychain https://youtu.be/

kRkcYMoCSvY?si=bVla9POU96_Ow0VT 

2.	 Watch the video on how to export the keychain file for printing https://youtu.be/
Q74-sD8imYo?si=Xpouw3CxItB1AxW5 

3.	 Watch the video on how to print the keychain using 3D printer https://youtu.be/
cbnUASfhtns?si=HMD7b3F6K7qNvY0h

4.	 “The Art of Systems Architecting” by Mark W. Maier and Eberhardt Rechtin
5.	 “Rapid Prototyping and Engineering Applications: A Toolbox for Prototype 

Development” by Frank W. Liou
6.	 “Prototyping for Designers: Developing the Best Digital and Physical Products” by 

Kathryn McElroy
7.	 “Universal Principles of Design” by William Lidwell, Kritina Holden, and Jill 

Butler

https://youtu.be/kRkcYMoCSvY?si=bVla9POU96_Ow0VT
https://youtu.be/kRkcYMoCSvY?si=bVla9POU96_Ow0VT
https://youtu.be/Q74-sD8imYo?si=Xpouw3CxItB1AxW5
https://youtu.be/Q74-sD8imYo?si=Xpouw3CxItB1AxW5
https://youtu.be/cbnUASfhtns?si=HMD7b3F6K7qNvY0h
https://youtu.be/cbnUASfhtns?si=HMD7b3F6K7qNvY0h
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Review Questions 

1.	 What are some commonly used software tools for creating 3D models?

2.	 What file formats are commonly used for saving 3D models, and why?
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AUTOMATION AND EMBEDDED SYSTEMS
Automation Technologies

Introduction 
In this section, you’ll learn how to create basic automation systems using essential 
electrical components. You must understand what each component does and how 
to connect them to make the system work. This section also covers programming in 
C/C++ through the Arduino IDE. You will get hands-on experience with important 
coding concepts like declaring variables and constants and using control actions and 
loops. You’ll also practice writing functions, testing your code, and debugging it to 
ensure everything runs smoothly in the Arduino IDE.

In this section, you will dive into building basic Arduino-based embedded systems 
by connecting the Arduino to different hardware components to make them work 
together. You will see practical examples that show how Arduino can be integrated with 
things like switches, LEDs, LCD screens, relays, IR sensors, seven-segment displays, 
and other digital sensors.

You may be in a group with students of different skill levels so you can work together on 
designing and building specific projects. As a team, you will pick the right components 
for your project, design the circuits, simulate them using CAD tools, create 3D models 
for cases, and use Arduino to control and run everything. This hands-on approach 
will help you understand how to combine hardware and software to build real-world 
systems.

Key Ideas 

•	 Designing and building automation systems requires combining basic electronic 
components such as transistors, resistors, capacitors, relays, LEDs, LDRs, and motors to 
efficiently develop circuits that perform automated tasks.

•	 Proficiency in the Arduino IDE includes declaring variables and constants, executing 
control actions and loops, writing functions in C, and efficiently testing and debugging 
programs to create functional embedded systems.

•	 Creating simple Arduino-based embedded systems entails connecting the Arduino to 
basic hardware components such as switches, LEDs, LCDs, relays, IR sensors, seven-
segment displays, multi-segment displays, and other digital sensors to perform specific 
tasks.

•	 Transforming a mini project into a functional system requires turning an idea into a 
working prototype by integrating components, designing circuits, programming, and 
conducting thorough testing to ensure it meets the intended functionality.
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TO DESIGN AND BUILD AUTOMATION SYSTEMS
Building simple automation systems with basic electronic components requires a good 
understanding of how each component works and how to combine them to complete 
specific tasks. Here’s a step-by-step guide to help you get started, along with some 
example projects to inspire your creativity:

1. Design Light-Activated Switch
A light-activated switch is an electronic device that automatically turns a light or 
motor on or off depending on the surrounding light level. It uses a light-sensitive 
component called a Light Dependent Resistor (LDR) to measure how much light 
is in the environment. When the light level changes, the LDR adjusts its resistance, 
triggering the switch to control the connected device.

Components Needed
a.	 Light Dependent Resistor (LDR): An LDR is a type of resistor whose 

resistance decreases as the light intensity increases. The LDR detects light levels 
in a circuit, changing its resistance to control other components like transistors 
or relays based on ambient light.

b.	 NPN Transistor (e.g., BC547): An NPN transistor is a semiconductor device 
that amplifies or switches electronic signals. It acts as a switch or amplifier, 
allowing current to flow between the collector and emitter when the base is 
triggered, often used to control a relay or load.

c.	 Resistors: Resistors are components that limit or control the current flow in 
a circuit. They are used to protect components (like LEDs or transistors) by 
limiting the amount of current flowing through them, and they can also help 
set the circuit’s sensitivity (e.g., with the LDR). Various values (e.g., 1kΩ, 330Ω)

d.	 Relay Module: A relay is an electrically operated switch that allows a low-
power control circuit to switch a higher-power load. The relay controls high-
power devices (like motors or lights) with a low-power signal from the transistor 
or microcontroller.

e.	 Diode (e.g., 1N4007): A diode is a semiconductor device that only allows 
current to flow in one direction, protecting circuits from reverse voltage. It 
protects components (especially relays) from back EMF (electromotive force) 
when switching inductive loads, like motors.

f.	 Power Supply: A power supply provides the necessary electrical energy for 
the circuit. It supplies the voltage needed to power the components, such as the 
relay and transistor, to operate the light-activated switch. Suitable voltage for 
your relay and transistor (e.g., 6V battery)

g.	 Connecting Wires: Wires are conductive materials that connect different circuit 
components. They provide the path for current to flow between components, 
allowing the circuit to function correctly.
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h.	 Breadboard or PCB: A breadboard is a board for prototyping electronic circuits 
without soldering, and a PCB (Printed Circuit Board) is a permanent solution 
for circuit assembly. Both serve as platforms to securely connect components 
and wire them, making testing and assembling the circuit easier before final 
use.

i.	 Load (e.g., a bulb or LED) to be switched on/off: A load is any electrical 
component that consumes power, such as a light bulb or an LED. The load is 
the device turned on or off by the relay, controlled by the light-activated switch 
system.

Circuit diagram

Figure 9.1: A picture of the electrical circuit of the light-activated switch

Circuit Design
LDR and Voltage Divider

a.	 Connect one side of the Light Dependent Resistor (LDR) to the positive side of 
the power supply (the + side).

b.	 Connect the other side of the LDR to a 10 kΩ resistor, and then connect the 
other end of the resistor to the ground (the - side). The point where the LDR and 
resistor meet will be used to send a signal to the base of the transistor.

Transistor Switching

a.	 Connect the base of the NPN transistor (BC547) to the junction between the 
LDR and the resistor through another resistor (330 Ω).

b.	 Connect the emitter of the transistor directly to the ground (the - side).
c.	 Connect the collector of the transistor to one leg of the LED. Then, connect the 

other leg of the LED to the positive side of the power supply through a 330 Ω 
resistor to limit the current.



243

AUTOMATION AND EMBEDDED SYSTEMSSECTION 9

Operation

a.	 When it’s dark, the resistance of the LDR increases, causing a higher voltage to 
drop across it. This voltage is enough to turn on the transistor, letting current 
flow through the LED and light it up.

b.	 In daylight, the LDR resistance decreases, causing the voltage drop to be too low 
to turn on the transistor and keep the LED off.

2. Motor Control with Relay

Components
a.	 Relay module
b.	 Normally Close Push Button
c.	 Normally Open Push Button
d.	 DC Motor
e.	 Power supply (e.g., 12V for motor)

Circuit Design

Figure 9.2: A picture of the electrical circuit of motor control with relay

3. Temperature-Controlled Fan
Components

a.	 NTC Thermistor (20k)
b.	 Capacitor (0.1µ)
c.	 NPN Transistor (e.g., BD139)
d.	 Resistors (20kΩ, 1kΩ)
e.	 IC (NE555)



244

AUTOMATION AND EMBEDDED SYSTEMSSECTION 9

f.	 DC Fan (12V)
g.	 Diode (1N4007)
h.	 Power supply (e.g., 12 V for fan, 5 V for control circuit)

Circuit Design

Figure 9.3: A picture of the electrical circuit of a temperature-controlled fan

Activity 9.1 Automated Door System

Objective: Design and build a sensor-based door that opens automatically.

Materials: Infrared sensor, servo motor, Arduino board, power supply, wires.

Steps

1.	 Research and learn about the concept of automated doors and their 
applications.

2.	 Read about how infrared sensors and servo motors work.
3.	 Your teacher will guide you in connecting the components and uploading 

the program.
4.	 Test the system and see how it works

Engage in a whole-class discussion to share your feedback and input. Discuss 
the potential challenges of installing such a system 

Activity 9.2 Home Lighting Automation

Objective: Design a lighting system that turns on and off based on ambient 
light.

Materials: LDR (Light Dependent Resistor), relay module, light bulb, Arduino.

Steps

1.	 Form a small group and engage in a discussion on the importance of energy-
saving systems.

2.	 With your teacher’s guidance, connect the LDR to the Arduino.
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3.	 Program the Arduino to control the relay module.
4.	 In your groups, reflect on the following questions:

a.	 How does an LDR work in this system?
b.	 What are the practical benefits of such a setup?

Activity 9.3 Smart Traffic Light

Objective: Build a traffic light system controlled by vehicle density.

Materials: IR sensors, LEDs, Arduino, breadboard.

Steps

1.	 Introduce traffic management challenges.
2.	 Demonstrate how IR sensors detect vehicles.
3.	 Program the system to change light sequences.
4.	 Reflect on the following questions and discuss with your class for feedback:

a.	 How does vehicle density affect light timing?
b.	 What are potential safety concerns?

Activity 9.4 Smart Waste Bin

Objective: Create a bin that opens when motion is detected.

Materials: Ultrasonic sensor, servo motor, Arduino, power supply.

Steps

1.	 Engage in a class discussion and brainstorm waste management solutions.
2.	 Receive guidance in setting up the ultrasonic sensor.
3.	 Test the system with different distances.
4.	 Reflect on the following questions and engage in a class discussion to share 

your insights:

a.	 How does this system promote hygiene?
b.	 What improvements can be made for public use?
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Activity 9.5 Build an Automated System for Light, Motor, and 
Temperature Control

Objective: You will design and build an automation system using light, motor 
control, and a temperature-controlled fan.

Materials: Light Dependent Resistor (LDR); NPN Transistor (e.g., BC547); 10 
kΩ Resistor; 330 Ω Resistor; 12V DC Motor; Relay module; 12V Fan; Thermistor 
(NTC); Microcontroller or breadboard; Power supply (12V); Wires and 
connectors; LED (optional); Multimeter.

Prompt: Design and build a system where light controls a motor and 
temperature controls a fan, automating both devices based on sensor inputs.

Steps

1.	 Connect the LDR to a 10 kΩ resistor in a voltage divider. Link the middle 
point to the base of an NPN transistor (BC547) through a 330 Ω resistor. This 
turns the transistor on when it’s dark, powering the motor.

2.	 Connect the relay to the motor and the power supply. Use the transistor to 
trigger the relay and control the motor. The motor should turn on in low 
light.

3.	 Connect the thermistor to another voltage divider with a 10 kΩ resistor. 
Connect the divider’s output to the base of a second transistor that controls 
the fan. The fan turns on when the temperature is too high.

4.	 Test the system by changing the light and temperature. Ensure the motor 
works in the dark and the fan activates when it’s hot. Use a multimeter to 
check for issues.

Questions

a.	 How does the LDR affect the transistor and motor? What happens 
when the light changes?

b.	 How does the thermistor control the fan? What happens when the 
temperature changes?

c.	 If the motor or fan doesn’t work, what could be the problem? How 
would you fix it?

d.	 How could you add more sensors, like a humidity sensor, to make the 
system more advanced?

e.	 How would you increase the sensitivity of the LDR light-activated 
switch?
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ARDUINO PROGRAMMING IN C; BASICS
Programming is vital for directing microcontrollers, such as Arduino, to carry out 
specific tasks. In this section, you will explore foundational programming concepts and 
practices using the Arduino environment with C. You will learn to declare variables for 
storing data and constants for fixed values, implement control structures for decision-
making, and use loops to perform repetitive tasks efficiently. Additionally, you will 
develop custom functions to organise and streamline their code. You can identify and 
resolve errors by testing and debugging your programs in the Arduino IDE, ensuring 
your projects function as intended. This solid foundation will prepare you for more 
advanced Arduino applications.

What is Programming?
Programming is creating a set of instructions that a computer or microcontroller (such 
as Arduino) can execute to perform specific tasks. These instructions, written in a 
language the computer understands, are collectively known as code. The act of writing 
code is referred to as coding or software development. You will use the C programming 
language, which is powerful and widely used for embedded systems like Arduino 
projects.

Key Programming Concepts
1.	 Variables and Constants

Variables are used to store data that can change throughout the program. Constants, 
on the other hand, are values that do not change during the program’s execution. 
For example, a variable might store a sensor reading, while a constant might define 
a fixed limit.
Example

Figure 9.4: Declaring Integer Variables and Constants

In Figure 9.4, ledPin is declared as an integer variable and assigned the value 13, 
representing the pin number connected to the LED. The const int maxCount 
= 10; line declares maxCount as a constant integer with a fixed value of 10. 
Since maxCount is defined with the const keyword, its value cannot be changed 
during the program’s execution.
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2.	 Data Types
In programming, each variable is assigned a data type that determines the kind of 
data it can hold. Common data types in C include:
a.	 int: for integer numbers (e.g., int count = 5;)
b.	 float: for decimal numbers (e.g., float temperature = 23.5;)
c.	 char: for characters (e.g., char letter = ‘A’;)

Choosing the appropriate data type helps optimise memory usage.

3.	 Control Structures
Control structures direct the program flow, allowing it to make decisions and repeat 
actions:

a.	 Conditional statements: if, else, and switch help the program make choices 
based on conditions.

b.	 Loops: for, while, and do-while loops enable repeated execution of a code block.

Figure 9.5: Conditional Statement in a void loop

4.	 Functions
Functions are blocks of code created to perform specific tasks. Using functions, we can 
reuse code and make programs modular and easier to manage.

Figure 9.6: Declaring functions in C



249

AUTOMATION AND EMBEDDED SYSTEMSSECTION 9

In the example in Fig. 6.6, the blinkLED() function is defined by starting with 
void, which indicates it does not return any value. The function name blinkLED 
is followed by empty parentheses (), and the code within the curly braces { } will 
run every time blinkLED() is called. This function turns the LED on, waits for 1 
second, turns it off, and then waits for another second, creating a blinking effect. By 
calling blinkLED() elsewhere in the code, we can reuse this blinking functionality 
without rewriting it.

5.	 Testing and Debugging
Debugging involves identifying and fixing errors in the code. The Arduino IDE 
has a built-in Serial Monitor that allows us to track the program’s behaviour and 
identify potential issues. This tool is especially useful when working with sensors 
and inputs that may require verification.

Introduction to the Arduino IDE and Setting Up 
Pins
In Arduino programming, we use the Arduino IDE to write, upload, and test code 
on the Arduino board. The Arduino board has several pins that can be programmed 
to perform various functions, such as reading sensor data or controlling lights and 
motors. Pins are referred to by their numbers, corresponding to their physical locations 
on the board.

1.	 Setting Up Pins
Each pin can be configured as an input or output
a.	 Input: For receiving sensor data (e.g., a light sensor).
b.	 Output: For sending data to components (e.g., turning an LED on or off).

The pinMode() function is used to set each pin’s mode.
Example

Figure 9.7: Setting up pins and declaring variables

The code in Figure 9.7 above sets up the pin mode for ledPin. First, ledPin is 
defined as the pin connected to the LED (in this case, pin 13). The setup() function 
is a special function in Arduino that runs only once when the program starts. 
Inside setup(), pinMode(ledPin, OUTPUT); configures ledPin as an 
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output, allowing it to control the LED. This setup is necessary to prepare the pin for 
sending signals.

2.	 Declaring Variables and Constants
After configuring pins, variables and constants can be declared to store data that 
will be used within the program. In Arduino projects, common variables include 
those for sensor readings, time delays, or state changes.
Example

Figure 9.8: Declaring Variables and Constants

3.	 Global Variables

Global variables are declared outside of any function, typically at the beginning of a 
program. They are accessible from any part of the code, including within functions. 
In Arduino programming, global variables are useful when multiple functions need 
access to the same data.
Example

Figure 9.9: Declaring and using Global Variables

4.	 Local Variables

Local variables are declared inside functions and are only accessible within the function 
where they are defined. Local variables are often used for temporary data that do not 
need access outside a specific function.
Example
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Figure 9.10: Declaring and using local Variables

Key Difference
a.	 Global variables can be accessed from any function and retain their value 

throughout the program.
b.	 Local variables are confined to the function where they’re declared and are 

erased once the function ends.

Using local variables helps to avoid unintended changes to data by restricting their 
scope, while global variables provide shared access across multiple functions.

1.	 Control Actions and Loops
Once pins and variables are set, control actions can guide the program’s actions 
based on conditions. For example, a light sensor might trigger an LED to turn on 
when it detects low light.
Example

Figure 9.11: Control Actions and Loops

In this code, the loop() function continuously executes, allowing the 
program to read and respond to the sensor input repeatedly. sensorValue = 
analogRead(A0); reads data from analog pin A0 and assigns it to sensorValue. 
The if statement then checks if sensorValue is less than threshold. If true, it 
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turns the LED on with digitalWrite(ledPin, HIGH); if false, it turns the 
LED off with digitalWrite(ledPin, LOW);. The delay(500); pauses the 
program for 500 milliseconds before repeating the loop.

2.	 Writing Functions in C
In Arduino, custom functions can be created for tasks that must be repeated 
multiple times. For example, a function to check sensor values or control an LED 
could be written to make the program cleaner and easier to understand.
Example

Figure 9.12: Writing Functions in C

3.	 Testing and Debugging
Testing involves running the code on the Arduino to check if it works as expected. 
The Serial Monitor in the Arduino IDE is a tool that helps with debugging by 
displaying messages from the code. These messages can help confirm sensor 
readings or check if certain conditions are met.
Example

Figure 9.13: Testing and Debugging using serial monitors
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Example Project: Traffic Light Control System

This project will apply these concepts to control a traffic light using an Arduino. Three 
LEDs (red, yellow, and green) will represent the traffic lights, and each LED will turn 
on and off based on a predefined timing sequence.

Components
1.	 Arduino Uno
2.	 Red, Yellow, and Green LEDs
3.	 Resistors (220Ω for each LED)
4.	 Breadboard and jumper wires

Wiring
1.	 Connect the red LED to pin 8 through a 220Ω resistor.
2.	 Connect the yellow LED to pin 9 through a 220Ω resistor.
3.	 Connect the green LED to pin 10 through a 220Ω resistor.

Code Example

Figure 9.14: Code to set up a simple traffic light system using three LEDs

This code sets up a simple traffic light system using three LEDs. In setup(), 
pinMode(redPin, OUTPUT);, pinMode(yellowPin, OUTPUT);, and 
pinMode(greenPin, OUTPUT); configure the red, yellow, and green LEDs as 
outputs.



254

AUTOMATION AND EMBEDDED SYSTEMSSECTION 9

The loop() function runs continuously, simulating a traffic light cycle:

1.	digitalWrite(redPin, HIGH); turns on the red LED, delay(3000); 
keeps it on for 3 seconds, and then digitalWrite(redPin, LOW); turns 
it off.

2.	 Next, digitalWrite(yellowPin, HIGH); turns on the yellow LED, 
delay(1000); holds it on for 1 second, and digitalWrite(yellowPin, 
LOW); turns it off.

3.	 Finally, digitalWrite(greenPin, HIGH); turns on the green LED, 
delay(3000); keeps it on for 3 seconds, and digitalWrite(greenPin, 
LOW); turns it off.

This sequence repeats, mimicking the light changes in a traffic system.

Testing and Debugging: Upload the code to the Arduino, open the Serial Monitor 
(if using serial output), and observe the LED sequence to ensure it follows the correct 
traffic light cycle.

Activity 9.6 LED Blink Basics

Objective: Understand the structure of an Arduino program and use digital 
pins to control an LED.

Scenario

The school wants a simple decorative light system for a noticeboard. Design a 
system where an LED blinks every second.

Materials

•	 1 × Arduino Uno board
•	 1 × LED (any colour)
•	 1 × 220-ohm resistor
•	 Breadboard
•	 Jumper wires
•	 USB cable

Steps

1.	 Connect an LED and a resistor to pin 13 of the Arduino.
2.	 Write a program to turn the LED on for 1 second and off for 1 second.
3.	 Upload the code and test the system

Reflect on the following questions and engage in a class discussion to share your 
feedback

a.	 What is the role of the setup () and loop () functions?
b.	 How does the delay () function work?
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Activity 9.7 Button-Controlled LED

Objective: Use a digital input to control a digital output.

Scenario: Design a system where pressing a button turns an LED on, and 
releasing it turns the LED off.

Materials

•	 1 × Arduino Uno board
•	 1 × LED
•	 1 × Push button
•	 1 × 10k-ohm resistor
•	 1 × 220-ohm resistor
•	 Breadboard
•	 Jumper wires
•	 USB cable

Steps

1.	 Connect a push button to pin 2 and an LED to pin 13.
2.	 Write a program using digitalRead() to detect button presses.
3.	 Use digitalWrite() to control the LED based on the button state

Reflect on the following questions and engage in a class discussion to share your 
insights:

a.	 What is the significance of INPUT_PULLUP for the button pin?
b.	 How can you debounce the button input in code?

Activity 9.8 Analogue Sensor Reading

Objective: Use an analogue input to read sensor values and display them on the 
Serial Monitor.

Scenario: You are tasked with creating a simple light intensity meter using an 
LDR (light-dependent resistor).

Materials

•	 1 × Arduino Uno board
•	 1 × LDR
•	 1 × 10k-ohm resistor
•	 Breadboard
•	 Jumper wires
•	 USB cable
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Steps

1.	 Connect the LDR and a resistor to create a voltage divider and connect it to 
the analogue pin A0.

2.	 Write a program to read the analogue value using analogueRead().
3.	 Print the light intensity values to the Serial Monitor
4.	 Engage in a class discussion to discuss the following questions:
5.	 How does the analogueRead() function convert voltage levels to values?
6.	 How can you map the sensor value to a human-readable format?

Activity 9.9 PWM LED Control

Objective: Learn to use Pulse Width Modulation (PWM) to control the 
brightness of an LED.

Scenario: Design a system where the brightness of an LED gradually increases 
and decreases continuously.

Materials

•	 1 × Arduino Uno board
•	 1 × LED
•	 1 × 220-ohm resistor
•	 Breadboard
•	 Jumper wires
•	 USB cable

Steps

1.	 Connect an LED to a PWM-capable pin (e.g., pin 9).
2.	 Write a program using analogueWrite() to increase and decrease 

brightness gradually.
3.	 Use a for loop for smooth transitions.

Reflect on the following questions to strengthen your understanding:

a.	 What is PWM, and how does it work?
b.	 Which Arduino pins support PWM output?

Activity 9.10 Serial Communication Basics

Objective: Use the Serial Monitor to send and receive data.

Scenario: Create a system where users can type commands in the Serial 
Monitor to turn an LED on or off.

Materials

•	 1 × Arduino Uno board



257

AUTOMATION AND EMBEDDED SYSTEMSSECTION 9

•	 1 × LED
•	 1 × 220-ohm resistor
•	 Breadboard
•	 Jumper wires
•	 USB cable

Steps

1.	 Connect an LED to pin 13.
2.	 Write a program to read commands from the Serial Monitor using Serial.

read().
3.	 Use if conditions to control the LED based on the command (“ON” or 

“OFF”).

Reflect on the following questions to strengthen your understanding: 

a.	 How does Serial.begin() establish communication?
b.	 How can you parse user input to perform specific actions?

TO DESIGN SIMPLE ARDUINO-BASED 
EMBEDDED SYSTEMS
Designing simple Arduino-based embedded systems involves interfacing the Arduino 
with various hardware components to achieve the desired functionality. Below are 
a few example projects demonstrating how to interface the Arduino with switches, 
LEDs, LCDs, relays, IR sensors, seven-segment displays, and other digital sensors.

Example 9.1

LED Control with a Push Button

Components
1.	 Arduino Uno
2.	 Push Button
3.	 LED
4.	 Resistors (10kΩ for pull-down, 220Ω for LED)
5.	 Breadboard and jumper wires
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Circuit Diagram

Figure 9.15: A picture of Arduino connected to an LED and a Push Button

1.	 Connect one end of the push button to the 5V pin of the Arduino.

2.	 Connect the other end to digital pin 2 and ground through a 10kΩ resistor (pull-
down resistor).

3.	 Connect the LED to digital pin 13 through a 220Ω resistor, with the other end of the 
LED connected to the ground.

Code

Figure 9.16: A picture of LED control with a Push Button Code
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Example 2

Displaying Text on an LCD

Components
1.	 Arduino Uno
2.	 16 × 2 LCD
3.	 Potentiometer (for LCD contrast adjustment)
4.	 Breadboard and jumper wires

Circuit Diagram

Figure 9.17: A picture of Arduino connected to an LCD

Connect the LCD to the Arduino following the typical 16x2 LCD wiring

1.	 RS to digital pin 12

2.	 E to digital pin 11

3.	 D4 to digital pin 5

4.	 D5 to digital pin 4

5.	 D6 to digital pin 3

6.	 D7 to digital pin 2

7.	 VSS to ground

8.	 VDD to 5V

9.	 V0 to the middle pin of the potentiometer

10.	The potentiometer ends to the 5V terminal and ground

11.	A (anode) to 5V through a 220Ω resistor

12.	K (cathode) to ground
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Code

Figure 9.18: A picture of Displaying Text on LCD code

Example 3

Relay Control with an IR Sensor

Components
1.	 Arduino Uno
2.	 Relay module
3.	 IR Sensor module
4.	 Breadboard and jumper wires

Circuit Diagram

Figure 9.19: A picture of Arduino connected to Relay and IR Sensor
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1.	 Connect the IR sensor output to digital pin 7 of the Arduino.
2.	 Connect the relay control pin to digital pin 8 of the Arduino.
3.	 Connect the relay module according to its specifications, typically:

a.	 VCC to 5V
b.	 GND to ground
c.	 IN to digital pin 8

Code

Figure 9.20: A picture of Relay Control with an IR Sensor Code

Example 4

Seven-Segment Display Counter

Components
1.	 Arduino Uno
2.	 7-Segment Display
3.	 Resistors (330Ω)
4.	 Breadboard and jumper wires
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Circuit Diagram

Figure 9.21: A picture of Arduino connected to a 7-Segment Display

1.	 Connect segments of the seven-segment display to digital pins 2 to 8 on the Arduino, 
with 330Ω resistors in series.

2.	 Common cathode to ground or common anode to 5V, depending on the type of 
display.

Code

Figure 9.22: A picture of the Seven-Segment Display Counter Code
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Example 5

Temperature Monitoring with an LM35 Sensor
Components
1.	 Arduino Uno
2.	 LM35 Temperature Sensor
3.	 Breadboard and jumper wires

Circuit Diagram

Figure 9.23: A picture of Arduino connected to Temperature Monitoring with an LM35 Sensor

1.	 Connect the VCC pin of the LM35 to 5V on the Arduino.
2.	 Connect the GND pin to the ground.
3.	 Connect the output pin to the analogue pin A0.

Code

Figure 9.24: A picture of Temperature Monitoring with an LM35 Sensor Code
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Testing and Debugging
1.	 Upload the Code: Load the code onto your Arduino using the Arduino IDE.

2.	 Open the Serial Monitor: Use the Serial Monitor in the Arduino IDE to view real-
time data for projects involving serial output.

3.	 Check Connections: Ensure all connections are secure and components are 
properly wired.

4.	 Debugging: Use Serial.print() statements to debug and monitor the values 
of variables and sensor readings.

Activity 9.11 Temperature Monitoring System

Objective: Build a system to monitor and display temperature using a sensor.

Materials: Arduino, DHT11 sensor, LCD, jumper wires.

Steps
1.	 Learn the basics of temperature sensors and Arduino.
2.	 Receive guidance in connecting the DHT11 and LCD.
3.	 Program the Arduino to display real-time temperature readings.

Scenario: Imagine you had to monitor room temperature in a greenhouse 
or classroom. Think about how this system could alert users if temperatures 
exceed limits. Engage in a class discussion to share your insights for feedback. 

Activity 9.12 Digital Stopwatch

Objective: Design a stopwatch to track time using buttons and an LCD.

Materials: Arduino, push buttons, LCD, resistors.

Steps
1.	 Learn the concept of time tracking in embedded systems.
2.	 Receive guidance in setting up start, stop, and reset buttons.
3.	 Write a program to display elapsed time on the LCD.

Scenario: Imagine you have developed a sports event timer. How can you 
improve the accuracy of the stopwatch? Engage in a class discussion to share 
your insights for feedback. 

Activity 9.13 Obstacle Detection System

Objective: Create a system to detect nearby objects and alert users.

Materials: Arduino, ultrasonic sensor, buzzer, LEDs.
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Steps

1.	 Learn about the role of sensors in embedded systems.
2.	 Receive guidance on how to integrate the ultrasonic sensor and buzzer.
3.	 Program the Arduino to trigger alerts based on distance.

Scenario: Imagine an automated parking assistant. Think about what 
industries use similar systems. Engage in a class discussion to share your 
insights for feedback. What industries use similar systems?

Activity 9.14 Simple Traffic Light Controller

Objective: Build a traffic light sequence system using LEDs.

Materials: Arduino, red/yellow/green LEDs, resistors.

Steps

1.	 Learn about the importance of traffic systems.
2.	 Receive guidance on how to connect LEDs and program delay sequences.
3.	 Simulate traffic conditions with varying timings.

Scenario: Imagine this system was being used to manage a small intersection. 
How can this system adapt to traffic density?  Engage in a class discussion to 
share your insights for feedback. 

Activity 9.15 Light-Sensitive Lamp

Objective: Design a lamp that turns on/off based on light intensity.

Materials: Arduino, LDR, relay module, lamp (or LED).

Steps

1.	 Discuss energy efficiency and light sensors.
2.	 Receive guidance in connecting an LDR and relay module.
3.	 Program the Arduino to control the lamp based on ambient light.

Scenario: Imagine a streetlight automation system was being implemented 
outdoors. What challenges might arise when implementing this outdoors?  
Engage in a class discussion to share your insights for feedback. 



266

AUTOMATION AND EMBEDDED SYSTEMSSECTION 9

Activity 9.16 Logging Sensor Data to an SD Card

Objective:  Interface a sensor and an SD card module to log sensor data using 
an Arduino.

Materials Needed

Arduino, SD card module, SD card (formatted), DHT11 sensor, 10k ohm resistor, 
Breadboard and jumper wires

Steps

1.	 Set up the Circuit following the provided circuit diagram to connect the 
sensor and SD card module to the Arduino.

2.	 Upload the Code to the Arduino using the Arduino IDE.
3.	 Insert SD Card (properly formatted FAT16 or FAT32) into the SD card 

module.
4.	 Monitor Output by opening the Serial Monitor in the Arduino IDE to 

observe the sensor readings and confirm the data being logged.
5.	 Verify Data Logging: after running the program for a while, remove the SD 

card and check the “datalog.txt” file on a computer to verify the logged data.

Scenario:  Imagine you have a digital thermometer that records daytime and 
nighttime temperatures and humidity over a set period. How can sensor data be 
stored and accessed for analysis?

a.	 How are the basics of CSV (Comma-Separated Values) file formats 
relevant?

b.	 Engage in a class discussion to share your insights for feedback. 

TO DESIGN AND CONSTRUCT A FUNCTIONAL 
SYSTEM
Join a group to design and construct one of the following projects: selecting components, 
circuit design, CAD tools for simulation, 3D modelling for enclosures, and Arduino for 
control.

1.	 Home Automation System
Components: Relays, sensors (temperature, motion, light), LCD, push buttons, 
Arduino. 
CAD Tools: Proteus, Fritzing, or Tinkercad for circuit design; Fusion 360 for 3D 
modelling. 
Procedure:

a.	 Design circuits to control appliances with relays.
b.	 Integrate sensors for temperature and motion detection.
c.	 Create an enclosure using 3D modelling tools.
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2.	 Smart Irrigation System
Components: Soil moisture sensor, water pump, relays, temperature and humidity 
sensor, Arduino. 
CAD Tools: Proteus, LTspice for circuit design; Fusion 360 for 3D modelling. 
Procedure

a.	 Design circuits to control the water pump based on soil moisture levels.
b.	 Use sensors to monitor environmental conditions.
c.	 Design a waterproof enclosure for the electronics.

3.	 Weather Station
Components: Temperature and humidity sensor, barometer, rain gauge, SD card 
module, LCD, Arduino. 
CAD Tools: Tinkercad for circuit design; Fusion 360 for 3D modelling. 
Procedure

a.	 Create circuits to read and display weather data from sensors.
b.	 Use an SD card module to log data.
c.	 Design a weather-resistant enclosure.

4.	 Smart Parking System
Components: Ultrasonic sensors, LEDs, LCD, WiFi module, Arduino. 
CAD Tools: Proteus for circuit design; Fusion 360 for 3D modelling. 
Procedure:

a.	 Design circuits for detecting car presence and displaying parking status.
b.	 Integrate a WiFi module for remote monitoring.
c.	 Create a durable enclosure for outdoor use.

5.	 Automated Greenhouse
Components: Temperature and humidity sensor, soil moisture sensor, relays, fans, 
heaters, water pump, Arduino. 

CAD Tools: Tinkercad for circuit design; Fusion 360 for 3D modelling. 

Procedure
a.	 Design circuits to control fans, heaters, and water pumps.
b.	 Monitor environmental conditions with sensors.
c.	 Design an enclosure to control the greenhouse environment.

6.	 Health Monitoring System
Components: Heart rate sensor, temperature sensor, pulse oximeter, LCD, Arduino. 
CAD Tools: Proteus for circuit design; Fusion 360 for 3D modelling. 
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Procedure
a.	 Design circuits to read and display vital signs.
b.	 Integrate sensors for accurate health monitoring.
c.	 Design a wearable or portable enclosure.

7.	 Intruder Alert System
Components: PIR motion sensor, buzzer, GSM module, LEDs, Arduino. 
CAD Tools: Tinkercad for circuit design; Fusion 360 for 3D modelling. 
Procedure

a.	 Design circuits for motion detection and alarm activation.
b.	 Use a GSM module to send alerts.
c.	 Create an inconspicuous enclosure for indoor use.

8.	 Smart Door Lock
Components: Keypad, RFID reader, fingerprint sensor, servo motor, LCD, Arduino. 
CAD Tools: Proteus for circuit design; Fusion 360 for 3D modelling. 
Procedure

a.	 Design circuits for access control using the keypad, RFID, or fingerprint.
b.	 Control a servo motor for locking and unlocking.
c.	 Design a secure and tamper-proof enclosure.

9.	 Energy Monitoring System
Components: Current sensors, voltage sensors, SD card module, LCD, Arduino. CAD 
Tools: LTspice for circuit design; Fusion 360 for 3D modelling. 
Procedure

a.	 Design circuits to monitor and log energy consumption.
b.	 Use sensors to measure current and voltage.
c.	 Design an enclosure for home use.

10. Automated Pet Feeder
Components: Servo motor, RTC module, LCD, push buttons, Arduino. 
CAD Tools: Tinkercad for circuit design; Fusion 360 for 3D modelling. 
Procedure

a.	 Design circuits to control a servo motor for dispensing food.
b.	 Use an RTC module to schedule feed times.
c.	 Create a pet-friendly enclosure.



269

AUTOMATION AND EMBEDDED SYSTEMSSECTION 9

11. Smart Waste Management System
Components: Ultrasonic sensors, GSM module, LCD, LEDs, Arduino. 
CAD Tools: Proteus for circuit design; Fusion 360 for 3D modelling. 
Procedure

a.	 Design circuits to monitor waste levels with ultrasonic sensors.
b.	 Use a GSM module to send notifications.
c.	 Design an outdoor enclosure.

12. Environmental Monitoring System
Components: Air quality sensor, temperature and humidity sensor, LCD, WiFi 
module, Arduino. 
CAD Tools: LTspice for circuit design; Fusion 360 for 3D modelling. 
Procedure

a.	 Design circuits to monitor air quality and environmental parameters.
b.	 Integrate a WiFi module for data upload.
c.	 Create a weather-resistant enclosure.

13. Home Security System
Components: Magnetic door sensors, PIR motion sensors, buzzer, GSM module, 
LEDs, Arduino. 
CAD Tools: Tinkercad for circuit design; Fusion 360 for 3D modelling. 
Procedure

a.	 Design circuits to detect unauthorised entry and trigger alarms.
b.	 Use a GSM module to send alerts.
c.	 Design a discreet enclosure.

14. Personal Fitness Tracker
Components: Accelerometer, heart rate sensor, OLED display, Bluetooth module, 
Arduino. 
CAD Tools: Proteus for circuit design; Fusion 360 for 3D modelling. 
Procedure

a.	 Design circuits to track fitness activities and display data.
b.	 Use Bluetooth for smartphone connectivity.
c.	 Create a wearable enclosure.

15. Automated Aquarium
Components: Temperature sensor, pH sensor, servo motor, relays, LCD, Arduino. 
CAD Tools: Tinkercad for circuit design; Fusion 360 for 3D modelling. 
Procedure

a.	 Design circuits to control and monitor aquarium conditions.
b.	 Automate feeding and water quality maintenance.
c.	 Design a waterproof enclosure.
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16. Voice-Controlled Home Automation
Components: Microphone module, relays, Bluetooth or WiFi module, speaker, 
Arduino. CAD Tools: Proteus for circuit design; Fusion 360 for 3D modelling. 
Procedure

a.	 Design circuits for voice command recognition and appliance control.
b.	 Integrate wireless communication modules.
c.	 Create an easy-to-use enclosure.

17. Smart Garden
Components: Soil moisture sensor, temperature and humidity sensor, LDR, water 
pump, LCD, Arduino. 
CAD Tools: Tinkercad for circuit design; Fusion 360 for 3D modelling. 
Procedure

a.	 Design circuits to monitor and control garden conditions.
b.	 Automate watering based on soil moisture.
c.	 Design an outdoor enclosure.

18. Automated Curtain System
Components: LDR, RTC module, servo motor, push buttons, Arduino. 
CAD Tools: Proteus for circuit design; Fusion 360 for 3D modelling. 
Procedure

a.	 Design circuits to control curtains based on light levels and time.
b.	 Use an RTC module for scheduling.
c.	 Create a durable enclosure.

General Steps for Each Project
1.	 Circuit Design

a.	 Use CAD tools like Proteus, LTspice, or Tinkercad to design and simulate the 
circuits.

b.	 Ensure all components are properly connected and functioning as intended.

2.	 Programming
a.	 Write the Arduino code to control the system.
b.	 Test the code with the simulated circuit before uploading it to the actual Arduino 

board.

3.	 3D Modelling
a.	 Use tools like Fusion 360 or Tinkercad to design the enclosures for the electronic 

components.
b.	 Ensure the design is practical, user-friendly, and provides adequate protection 

for the components.
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4.	 Assembly
a.	 Assemble the components on a breadboard or PCB based on the circuit design.
b.	 Place the assembled circuit inside the 3D-printed enclosure.

5.	 Testing
a.	 Test the complete system to ensure all functionalities are working as intended.
b.	 Make necessary circuit or code adjustments based on the test results.

6.	 Deployment
a.	 Once tested and verified, deploy the system in its intended environment.
b.	 Monitor the system for any issues and perform maintenance as needed.

Activity 9.17 Automatic Water Dispenser

Objective: Design and construct a system that dispenses 
water when a glass is detected.

Watch the following video: https://www.youtube.com/
watch?v=uJ9r2lP-ARA 

Materials: Ultrasonic sensor, water pump, Arduino, relay 
module, wires.

Steps
1.	 Discuss the benefits of automation in daily life.
2.	 Receive guidance in integrating the ultrasonic sensor and water pump.
3.	 Program the system to activate the pump when a glass is near.

Scenario: Imagine this system is implemented in offices or homes to reduce 
water wastage. How can this system be adapted for larger-scale use?  Engage in 
a class discussion to share your insights for feedback. 

Activity 9.18 Burglar Alarm System

Objective: Construct a system that triggers an alarm when an 
unauthorised entry is detected.

Watch the following video: https://www.youtube.com/shorts/
SLQWboLV3N4 

Materials: PIR sensor, buzzer, Arduino, LEDs.

Steps
1.	 Discuss the use of sensors in security systems.
2.	 Receive guidance on sensor connection and programming.
3.	 Simulate unauthorised entry to test the system.

https://www.youtube.com/watch?v=uJ9r2lP-ARA
https://www.youtube.com/watch?v=uJ9r2lP-ARA
https://www.youtube.com/shorts/SLQWboLV3N4
https://www.youtube.com/shorts/SLQWboLV3N4
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Scenario: Imagine this system was being used to secure small rooms or 
cabinets.

What additional features can enhance this system’s utility?  Engage in a class 
discussion to share your insights for feedback. 

Activity 9.19 Rain Detection System

Objective: Build a system to detect rainfall and alert users.

Watch the following video: https://www.youtube.com/
watch?v=H62xzxI-4A0 

Materials: Rain sensor module, buzzer, Arduino.

Steps

1.	 Research about rain detection and its practical uses.
2.	 Connect the rain sensor and buzzer to Arduino.
3.	 Program the system to sound an alert during rainfall.

Scenario: Imagine this system was being used to protect outdoor equipment 
during storms. How can this system be used to trigger automatic window 
closures? Engage in a class discussion to share your insights for feedback. 

Activity 9.20 Smart Doorbell System

Objective: Create a doorbell that alerts users via a sound or 
light indicator.

Watch video: https://www.youtube.com/
watch?v=OfWK2QYbR-M 

Materials: Push button, buzzer, LEDs, Arduino.

Steps

1.	 Discuss smart home concepts.
2.	 Receive guidance in wiring the button and buzzer/LEDs.
3.	 Program the system to provide audio or visual alerts.

Scenario: Imagine this system was being installed in homes or classrooms. 
How could this system be enhanced with wireless connectivity? Engage in a 
class discussion to share your insights and feedback. 

https://www.youtube.com/watch?v=H62xzxI-4A0
https://www.youtube.com/watch?v=H62xzxI-4A0
https://www.youtube.com/watch?v=OfWK2QYbR-M
https://www.youtube.com/watch?v=OfWK2QYbR-M
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Activity 9.21 Automatic Hand Sanitiser Dispenser

Objective: Design a system that dispenses sanitiser when 
hands are detected.

Watch video: https://www.youtube.com/
watch?v=ZUvaTXPFcnw 

Materials: Ultrasonic sensor, pump, sanitiser container, 
Arduino.

Steps
1.	 Discuss the relevance of automation in health.
2.	 Receive guidance on sensor and pump integration.
3.	 Program the system to activate the pump for a set time.

Scenario: Imagine this system was being installed to enhance public health 
safety in schools and offices.

•	 How can this system be powered for outdoor use? Engage in a class 
discussion to share your insights and feedback. 

Additional reading materials 
1.	 The Art of Electronics by Paul Horowitz and Winfield Hill
2.	 Practical Electronics for Inventors by Paul Scherz and Simon Monk
3.	 C Programming: A Modern Approach by K.N. King
4.	 Programming Arduino: Getting Started with Sketches by Simon Monk
5.	 Exploring Arduino: Tools and Techniques for Engineering Wizardry by Jeremy Blum
6.	 Arduino Workshop: A Hands-On Introduction with 65 Projects by John Boxall

https://www.youtube.com/watch?v=ZUvaTXPFcnw
https://www.youtube.com/watch?v=ZUvaTXPFcnw
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Review Questions 

1.	 What is an automation system, and why is it important?

2.	 What are the key components of an automation system?

3.	 What safety considerations are essential when designing an automation 
system?

4.	 How would you use a Programmable Logic Controller (PLC) in an automation 
system?

5.	 Describe an example of an application of automation in the industry.

6.	 What is the role of simulation software in designing automation systems?

7.	 What is Arduino, and why is it popular for learning programming?

8.	 What programming language is used to write Arduino code?

9.	 What are the two main functions in an Arduino program (sketch), and what do 
they do?

10.How do you upload a program to an Arduino board?

11.What is a pinMode() function, and how is it used?

12.What is an embedded system, and how does Arduino fit into this concept?

13.What key components are required to design an Arduino-based embedded 
system?

14.How do you choose the right Arduino board for your project?

15.How can you test the functionality of a system you have built?

16.What is the role of testing during system construction?
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Answers to Review Questions

SECTION 1
1.	 It is a structured approach engineers use to explore, analyse, and solve 

problems related to systems, structures, or processes’ design, functionality, and 
performance.

2.	 Systematic investigation is important because it ensures that research is 
conducted reliably and validly. It allows researchers to replicate studies, verify 
findings, and build a solid foundation for knowledge. This approach helps 
minimise biases and errors, leading to more credible results.

3.	 In engineering, systematic investigation helps identify the root causes of 
problems and evaluate potential solutions. By following a structured approach, 
engineers can test different designs or methods, analyse the effectiveness of 
each, and ultimately develop the most efficient and effective solutions to 
engineering challenges.

4.	 A real-world application of systematic investigation can be seen in 
environmental science, where researchers systematically study the impact 
of pollutants on ecosystems. They may design experiments to collect data on 
water quality, analyse the effects on local wildlife, and propose solutions to 
mitigate environmental damage.

5.	 Data analysis is crucial in a systematic investigation as it allows researchers 
to interpret the data collected during experiments. Researchers can identify 
patterns, relationships, and trends through statistical analysis and graphical 
representation, which help validate or refute the hypothesis and guide further 
research.

6.	 Systematic investigation can be applied in daily decision-making by following 
a structured approach to evaluate options. For example, when choosing 
a product to purchase, one can define the criteria for evaluation, gather 
information about various products, analyse the pros and cons, and make an 
informed choice based on the findings.

7.	 Systematic investigation is relevant in addressing societal issues because it 
provides a methodical way to understand complex problems, gather evidence, 
and propose data-driven solutions. For instance, in public health, systematic 
investigations can identify the causes of diseases and evaluate the effectiveness 
of interventions, leading to improved health outcomes for communities.

8.	 A systematic investigation aims to collect data, analyse information, and draw 
conclusions using a structured approach. It helps ensure the findings are 
accurate, reliable, and objective.

9.	 The key steps include:
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•	 Identify the problem or research question.
•	 Conduct background research.
•	 Formulating a hypothesis.
•	 Designing an experiment or study to test the hypothesis.
•	 Collecting data.
•	 Analysing the data.
•	 Drawing conclusions.
•	 Communicating the results.

10.A clear research question provides focus and direction for the investigation. 
It defines the scope and purpose, ensuring the research stays relevant and 
manageable.

11.Reliability can be improved by using standardised procedures, ensuring 
consistency in data collection, conducting multiple trials, and using accurate 
tools and methods for measurement.

12.A hypothesis is a testable prediction that provides a basis for the investigation. 
It guides the research design and helps focus the analysis by providing a 
statement to support or refute based on evidence.

13.Quantitative data is numerical and can be measured or counted, like temperature 
or length. Qualitative data is descriptive and includes characteristics or 
qualities, such as colour or behaviour patterns.

14.Data analysis is essential because it allows researchers to interpret the data, 
identify patterns or relationships, and make informed conclusions based on 
evidence.

15.Peer review ensures the validity and credibility of the findings. It involves having 
other experts evaluate the investigation’s methods, results, and conclusions to 
identify potential biases or errors.

SECTION 2
1.	 The primary purpose of conducting a risk assessment is to identify potential 

hazards and evaluate the risks they pose to employees and the organisation. 
This process helps implement control measures to prevent accidents, injuries, 
and health issues, ultimately promoting a safer work environment.

2.	 The main steps in a risk assessment process include:

•	 Identifying hazards that could cause harm.
•	 Assessing the likelihood and impact of these risks.
•	 Determining appropriate control measures to reduce or eliminate risks.
•	 Implementing the control measures.
•	 Review and monitor the assessment to ensure its effectiveness.
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3.	 Conducting a risk assessment helps reduce accidents and injuries, leading to 
fewer disruptions in work and minimising lost time due to employee absence. 
Creating a safer environment also increases employee morale and confidence, 
enhancing overall productivity and efficiency.

4.	 A Qualitative Risk Assessment evaluates risks based on descriptive scales 
rather than numerical values, often using categories such as “low,” “medium,” 
or “high” risk. It is typically used when precise numerical data is unavailable 
or unnecessary, allowing for a quick assessment of potential hazards and their 
relative severity.

5.	 A Quantitative Risk Assessment assigns numerical values to risks, often 
calculating the probability of an event and its potential impact in quantitative 
terms. This method is used when detailed, data-driven analysis is required, 
providing a more precise assessment than the general categories used in a 
Qualitative Risk Assessment.

6.	 A Dynamic Risk Assessment is an on-the-spot evaluation of risk in real-
time, often used in rapidly changing or unpredictable environments, such as 
emergency response situations. This type allows responders to continuously 
assess and manage risks as conditions evolve, ensuring adaptive and immediate 
risk control.

7.	 The first step is to identify hazards. This step is crucial because it helps 
recognise all potential sources of workplace harm. Without identifying hazards 
accurately, subsequent steps may overlook key risks, leading to ineffective 
control measures.

8.	 Evaluating the likelihood and impact helps prioritise risks and determine 
which hazards pose the most significant threat. This ensures that resources 
and controls are directed towards the most critical risks, making the workplace 
safer and minimising potential harm.

9.	 The final step is to review and monitor the risk assessment. This involves 
regularly revisiting and updating the evaluation to ensure that control measures 
remain effective, especially if workplace changes, such as new equipment or 
procedures. Regular reviews help maintain a safe environment over time.

10.Control measures are strategies and actions to reduce or eliminate the risk 
associated with workplace hazards. They are essential because they help 
prevent accidents, injuries, and illnesses, create a safer work environment, and 
ensure compliance with health and safety regulations.

11.The hierarchy of control measures is a structured approach to managing 
hazards, typically arranged from most effective to least effective. It includes, 
in order: Elimination, Substitution, Engineering Controls, Administrative 
Controls, and Personal Protective Equipment (PPE). This hierarchy prioritises 
measures that can most effectively reduce risk at its source before relying on 
less effective methods like PPE.

12.An example of an engineering control is installing a ventilation system to 
reduce exposure to harmful fumes in a workspace. This control helps manage 
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hazards by removing or reducing the hazard at its source, thereby protecting 
all employees in the area without relying on personal protective equipment.

13.A risk assessment matrix is a tool that helps evaluate and categorise risks by 
plotting the likelihood of an event occurring against the severity of its potential 
impact. This matrix helps determine the level of risk (e.g., low, medium, high) 
and guides decision-making on implementing control measures based on the 
risk level.

14.Using a risk assessment matrix, hazards can be assessed and ranked according 
to risk levels. Hazards more likely to occur and have a high impact will appear 
in the higher-risk categories, indicating that they require immediate attention 
and control measures. At the same time, lower-risk items can be addressed 
with less urgency.

15.A risk with a high likelihood but minimal impact would fall in the medium-
risk category of a typical matrix. This implies that while the risk might not be 
highly damaging, it occurs frequently enough to warrant control measures, 
potentially through regular monitoring or procedural adjustments to prevent 
cumulative effects over time.

16.Analysing case studies provides practical examples of real-world scenarios, 
illustrating each step of the risk assessment process. This helps us understand 
how hazards are identified, risks are evaluated, and control measures are 
applied, making the theoretical process more relatable and easier to apply in 
similar situations.

17.The first step is to thoroughly review and identify the hazards present in the 
case study scenario. This involves examining all aspects of the environment, 
tasks, and equipment described in the case study to pinpoint potential sources 
of harm, which is the foundation for assessing risks accurately.

18.The risks should be prioritised by assessing their likelihood and potential 
impact, often using a risk assessment matrix. Risks that are both highly likely 
to occur and have a severe impact should be addressed first, while lower-
likelihood and lower-impact risks can be handled with less urgency. This 
structured prioritisation ensures that critical hazards are managed promptly 
and effectively.
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SECTION 3
1.	 Engineers follow a code of ethics to ensure their work prioritises public safety, 

health, and welfare. Ethics guide engineers in making decisions that are not 
only technically sound but also morally responsible. For example, adhering to 
ethical standards prevents engineers from cutting corners on safety measures, 
which could otherwise lead to dangerous consequences for the public and 
the environment. Following a code of ethics also builds trust with clients and 
society, showing that engineers are committed to high professional standards.

2.	 An example of unprofessional behaviour is failing to report a critical flaw in a 
design. If an engineer overlooks or ignores a potential safety issue, it could lead 
to system failures or accidents, harming people or damaging property. This 
behaviour can damage the engineer’s reputation and lead to legal consequences, 
including loss of licensure or professional standing. Professionalism in 
engineering requires honesty and responsibility to address issues openly and 
ensure they are corrected.

3.	 An engineer demonstrates dependability by meeting deadlines, consistently 
delivering quality work, and fulfilling commitments. For example, if an 
engineer is tasked with reviewing a component design, being dependable 
means completing the review thoroughly and on time, which allows other team 
members to proceed with their tasks without delays. Dependable engineers are 
trusted team members, and their reliability ensures smooth project progress 
and builds confidence among colleagues and clients.

4.	 Communication is crucial in engineering because it allows professionals 
to share ideas effectively, document findings, explain designs, and provide 
clear instructions. For instance, an engineer working on a bridge design 
must communicate project specifications to the construction team to ensure 
the structure is built safely and according to plan. Miscommunication can 
lead to costly errors or even dangerous situations. Clear communication 
reflects professionalism by demonstrating that the engineer values accuracy, 
collaboration, and accountability.

5.	 Honesty is fundamental in engineering because engineers’ work impacts public 
safety and well-being. Honesty reflects professional behaviour by ensuring 
engineers report accurate data, acknowledge limitations, and communicate 
issues transparently. For example, if an engineer discovers a miscalculation in 
a design, being honest and reporting it immediately prevents potential risks. 
This integrity builds trust with colleagues, clients, and society, showing that 
the engineer prioritises ethical responsibility over personal or corporate gain.

6.	 Teamwork is essential because engineering projects often require the 
collaboration of experts from different fields. Professional behaviour in 
engineering includes working cooperatively, respecting team members’ 
contributions, and sharing knowledge openly. For example, if an engineer 
is part of a project team developing a new machine, listening to colleagues’ 
insights in electronics, design, and materials is crucial for success. Good 
teamwork shows respect, values diversity of thought, and leads to higher-
quality outcomes, reflecting professional conduct.
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7.	 Taking accountability means accepting responsibility for one’s work and 
decisions, especially if they lead to unexpected outcomes or mistakes. 
Accountability is a core aspect of professional behaviour because it shows that 
an engineer values integrity and transparency. For instance, if an engineer 
overlooks a minor error in a design that leads to delays, taking accountability 
by informing the team and correcting the mistake reflects maturity and 
commitment. Accountability builds trust and ensures the engineer is proactive 
in maintaining project standards.

8.	 Engineers should continuously improve their skills to stay current with 
new technologies, regulations, and methodologies in the rapidly evolving 
engineering field. This reflects professional behaviour by demonstrating a 
commitment to excellence and adaptability. For example, an engineer might 
attend workshops on new materials or software used in design. Continuous 
improvement ensures that engineers can provide the best possible solutions 
and adapt to industry changes, showing dedication to quality, innovation, and 
professionalism.

9.	 Professional behaviour, such as clear communication and respect for others’ 
contributions, creates a positive work environment where team members 
feel valued and motivated. This fosters better collaboration, reduces 
misunderstandings, and enables faster problem-solving in engineering 
projects. For instance, if all team members communicate openly and respect 
deadlines, the project progresses smoothly, leading to higher-quality results. 
This teamwork ultimately makes projects more efficient and enjoyable for 
everyone involved.

10.Professional behaviour, such as honesty and reliability, helps engineers build 
trust with clients, colleagues, and the public. When engineers act professionally, 
clients are more likely to trust that the work will be completed accurately 
and safely. For example, an engineer who consistently provides transparent 
updates and honest assessments earns the confidence of stakeholders. Trust 
strengthens client relationships and often leads to repeat business or new 
opportunities, benefiting the engineer and their organisation.

11.Professional behaviour helps engineers establish a strong reputation, 
which is crucial for career advancement. Being known for dependability, 
accountability, and integrity makes an engineer preferred for leadership roles 
and promotions. For example, an engineer who completes projects on time and 
takes responsibility for their work is more likely to be noticed by supervisors 
for higher-level opportunities. Professionalism can lead to increased 
responsibilities, mentorship roles, and even partnerships, contributing to long-
term career success.

12.Professional behaviour ensures that engineers adhere to ethical standards, 
industry regulations, and quality controls, which directly impact the safety 
and quality of their work. For example, by following safety guidelines 
meticulously, an engineer reduces the risk of accidents or failures in a design. 
This commitment to high standards helps protect public welfare and upholds 
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the integrity of the engineering profession. Safe, high-quality work builds a 
positive reputation for the engineer and their organisation, reinforcing the 
value of professionalism.

13.	 Open communication allows employees to share ideas, raise concerns, and 
ask questions without fear of negative consequences. This open environment 
leads to better problem-solving in an ethical and professional workplace, as 
everyone feels comfortable discussing issues openly. For example, if a team 
member identifies a potential safety issue in a project, open communication 
encourages them to speak up, ensuring the problem is addressed early. 
This culture of transparency helps build trust, enhances collaboration, and 
maintains high ethical standards.

14.Respecting diversity means valuing different backgrounds, perspectives, 
and experiences, which fosters inclusivity and innovation. In a professional 
workplace, diverse perspectives can lead to creative solutions and prevent 
groupthink. For instance, a team with varied backgrounds may approach a 
design challenge in multiple ways, resulting in a more robust and well-rounded 
solution. Embracing diversity shows respect for individuals and enriches the 
workplace, promoting fairness and a positive work environment.

15.Accountability means taking responsibility for one’s actions and decisions, 
essential for trust and reliability. In an ethical workplace, employees are 
expected to own up to mistakes and work to correct them. For example, if 
an engineer realises they made an error in calculations, taking accountability 
by notifying their team and finding a solution shows integrity. Accountability 
ensures high standards are maintained and helps build a culture where 
everyone is committed to doing their best work.

16.Adhering to ethical guidelines ensures that everyone follows the same 
principles, such as honesty, fairness, and integrity, which protects the company’s 
reputation and the well-being of its clients and employees. For example, in 
engineering, following ethical guidelines might involve prioritising safety 
over cost savings. This dedication to ethics fosters a trustworthy environment 
where clients and the public can feel confident that the organisation operates 
responsibly and professionally.

17.Problem-solving is crucial because engineers frequently encounter complex 
issues that require innovative solutions. This attribute enables engineers to 
analyse situations, think critically, and effectively apply practical methods to 
address challenges. Students can develop problem-solving skills by practising 
logical reasoning through puzzles, participating in hands-on STEM projects, 
and participating in group discussions where they work through real-world 
engineering scenarios. The more they engage in activities that challenge their 
critical thinking, the stronger their problem-solving skills will become.

18.Teamwork is essential in engineering because projects often involve 
collaboration among professionals from various fields. Effective teamwork 
leads to better ideas, faster problem resolution, and improved project outcomes. 
Students can improve their teamwork skills by participating in group projects, 



282

sports teams, or volunteer activities where they learn to communicate, share 
responsibilities, and resolve conflicts. Practising active listening and valuing 
each team member’s input can make them more effective collaborators.

19.Attention to detail is vital in engineering because minor oversights can lead 
to significant errors, affecting project quality and safety. Engineers must be 
meticulous to ensure that every component and calculation is correct. Students 
can develop attention to detail by carefully reviewing their work in math 
and science assignments, double-checking lab experiments, and engaging 
in activities like coding or model building that require precision. Practising 
patience and slowing down to examine each step in a task helps build this 
attribute.

20.	 Adaptability is important because engineering constantly evolves with new 
technologies, methods, and challenges. Adaptable engineers can quickly learn 
new skills and adjust to changes. Students can build adaptability by embracing 
new learning opportunities, such as exploring different engineering fields, 
joining tech clubs, or trying new tools and software. Additionally, seeking 
feedback and viewing setbacks as learning experiences can help them become 
more resilient and flexible.

21.If an engineer does not communicate critical information, it can lead to 
misunderstandings, errors, and even safety hazards. For example, if a structural 
engineer fails to inform the construction team about a material change, the 
structure might not meet safety standards, putting lives at risk. This lack of 
communication can delay projects, increase costs, and damage the engineers 
and their company’s reputation. Clear, timely communication is essential to 
ensure the project runs smoothly and safely.

22.When an engineer does not take responsibility for their actions, it can erode 
trust with colleagues, clients, and supervisors. For example, if an engineer 
blames others for their mistakes, it lacks professionalism and integrity. Over 
time, this behaviour can harm their reputation, limit career growth, and even 
result in termination. Accountability is critical for building trust and respect in 
the workplace, making it a key attribute for long-term career success.

23.Cutting corners compromises safety and quality, potentially leading to 
structural failures, environmental harm, or even fatalities. For example, if an 
engineer chooses cheaper, substandard materials for a bridge to save costs, the 
structure could become unsafe. This unprofessional decision could result in 
severe consequences, including accidents, legal action, and a loss of public 
trust. Engineers are responsible for following safety standards to protect people 
and the environment.

24.Unprofessional behaviour, like disrespecting colleagues or failing to meet 
deadlines, can create tension, lower morale, and disrupt teamwork. For 
instance, if an engineer consistently arrives late to meetings or misses 
deadlines, it delays the entire team’s progress and can cause frustration. 
This negative atmosphere can decrease productivity and job satisfaction for 
everyone involved. Professional behaviour supports a positive, efficient work 
environment where team members feel respected and motivated.
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SECTION 4
1.	 A resistor limits or controls the flow of electrical current in a circuit. It resists 

the current, preventing excessive current from damaging other components. 
For example, resistors are often used in LED circuits to reduce the current 
flowing to the LED, which prevents it from burning out. By adjusting resistance, 
engineers can control the amount of current going to each part of the circuit.

2.	 A capacitor stores and releases electrical energy in a circuit. It can quickly 
charge and discharge, making it useful for smoothing out voltage fluctuations 
or providing short bursts of power. Capacitors are commonly found in 
power supplies, where they help stabilise voltage levels and reduce noise. 
For instance, they are used to maintain steady voltage in audio equipment, 
ensuring consistent sound quality.

3.	 A diode allows current to flow in only one direction, acting as a one-way valve 
in a circuit. This property makes diodes useful for converting alternating 
current (AC) to direct current (DC) in power supplies. For example, diodes help 
convert AC from the wall outlet to DC in a power adapter used by electronic 
devices like laptops and phones.

4.	 A transistor can act as a switch and an amplifier in a circuit. As a switch, it 
can turn current on or off; as an amplifier, it can increase the strength of a 
signal. Transistors are essential in modern electronics and are found in nearly 
all electronic devices, from computers to smartphones. For example, in a 
computer processor, millions of transistors switch on and off rapidly to process 
data.

5.	 An inductor stores energy in a magnetic field when an electrical current 
passes through it. It resists changes in current, making it useful for filtering 
and stabilising signals in circuits. Inductors are often found in radio-frequency 
applications and power supplies. For example, they help block high-frequency 
noise in audio systems, ensuring cleaner sound output.

6.	 Choosing the correct resistor values is crucial because it controls the current 
flow and voltage across different circuit parts. If the resistance is too low, 
excessive current may damage components. For instance, if an LED circuit 
uses a resistor with a too-low value, the LED could burn out. Calculating and 
selecting the appropriate resistor value helps ensure that each component 
operates within safe parameters.

7.	 Capacitors store and release energy to help smooth out voltage fluctuations, 
stabilising the circuit’s performance. For example, capacitors help maintain 
a steady output voltage in a power supply circuit by filling gaps caused by 
irregularities in power input. This is particularly useful in devices that require 
constant voltage, like audio equipment, where capacitors prevent noise and 
distortion.

8.	 Proper component placement is essential for efficient circuit operation and 
heat management. Factors to consider include the layout of connections to 
minimise interference, the heat generated by each component, and the ease of 
access for troubleshooting. For instance, power components that generate heat, 
like voltage regulators, should be spaced apart and placed where airflow can 
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cool them down. This careful arrangement prevents overheating and improves 
circuit reliability.

9.	 Testing a prototype helps identify and resolve potential issues like incorrect 
connections, component malfunctions, or unexpected behaviours before 
producing the final product. For example, if a circuit is intended to power a 
motor, testing the prototype ensures that the power supply can handle the 
load without overheating. Prototyping allows engineers to troubleshoot and 
optimise the design for better performance and safety.

10.A transistor can function as a switch by controlling the current flow between 
its collector and emitter terminals based on the input at the base terminal. 
When used as a switch, it allows for automatic control of circuit operations. 
For instance, a transistor switch in an automated lighting system could turn 
lights on or off based on sensor input. Transistors make circuits more efficient 
by enabling automation and precise control without manual intervention.

11.CAD tools allow quicker and more accurate circuit design, providing features 
like automated error-checking, real-time simulations, and easy modification. 
Unlike paper-based methods, CAD software can simulate a circuit’s behaviour 
under different conditions, saving time and reducing errors before building a 
prototype. Additionally, CAD tools can help organise complex designs with 
many components, making visualising and optimising layouts easier.

12.CAD tools allow engineers to simulate circuit behaviour to test and predict 
how components interact, identify potential issues, and adjust before physical 
construction. For example, you can see if the voltage and current levels meet 
the design requirements by simulating a power supply circuit. This analysis 
helps catch errors, verify performance, and save time and materials.

13.Schematic capture is creating a visual electronic circuit diagram in a CAD tool. 
It shows how each component connects and interacts within the design. This 
feature is important because it provides a clear and organised view of the circuit 
layout, making it easier to spot errors, verify connections, and communicate 
design intent. It also serves as a reference for building and troubleshooting the 
physical circuit.

14.CAD tools help design the layout of a PCB by allowing precise placement of 
components, routing of connections, and managing the physical constraints 
of the board. Benefits include optimised space usage, minimised signal 
interference, and accurate component placement, which improves circuit 
performance and reliability. For example, in high-frequency circuits, CAD 
tools help design shorter, efficient signal paths to reduce interference and 
ensure signal integrity.

15.A Design Rule Check (DRC) ensures that the circuit design adheres to 
manufacturing and safety standards by checking for errors like overlapping 
traces, incorrect spacing, or unconnected components. Performing a DRC in 
CAD tools helps prevent costly mistakes and ensures the circuit will function 
as intended. For instance, if a short circuit or a trace is too close to another, the 
DRC will flag it, allowing you to correct any issues before manufacturing.
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SECTION 5
1.	 A photovoltaic (PV) panel converts sunlight into electricity through the 

photovoltaic effect. The solar cells within the panel absorb sunlight, and the 
energy excites electrons, creating an electric current. This electricity can then 
be used to power devices or stored in batteries for later use.

2.	 The main components of a solar thermal system include:

•	 Solar Collector: Absorbs solar energy and converts it into heat.
•	 Heat Transfer Fluid: Typically, water or an antifreeze mixture circulates 

through the system to absorb heat from the collector.
•	 Storage Tank: Stores the heated fluid or water for later use.
•	 Pumps and Pipes: Circulate the heat transfer fluid from the collector to 

the storage tank. 

Together, the solar collector captures heat from the sun, which is transferred 
through pipes to the storage tank, where it heats the water for domestic or 
commercial use.

3.	 An inverter in a photovoltaic system is responsible for converting the direct 
current (DC) electricity produced by the solar panels into alternating current 
(AC) electricity, which is used in most homes and businesses. This conversion 
allows the solar energy to be used by standard electrical appliances or fed into 
the grid.

4.	 Photovoltaic (PV) System: Solar cells convert sunlight directly into electricity. 
It is ideal for generating electrical power for homes, businesses, or the grid.

5.	 Solar Thermal System: Solar Thermal System uses sunlight to heat a fluid, 
which is then used to heat water or air. It is mainly used for water heating, 
space heating, and industrial applications.

6.	 The charge controller regulates the voltage and current from the solar panels 
to the battery storage system. Its primary role is to prevent the batteries from 
overcharging or discharging too much, which could damage them. It ensures 
that the batteries are charged safely and efficiently, extending their lifespan.

7.	 The solar collector absorbs sunlight and converts it into heat. The heat is 
transferred to a heat transfer fluid (usually water or an antifreeze solution) 
that flows through the collector. The heated fluid is then circulated to a storage 
tank or directly used for heating purposes, such as domestic hot water or space 
heating. The collector’s main function is to maximise sunlight absorption and 
heat transfer efficiency.

8.	 The storage tank in a solar thermal system stores the heated fluid or water 
generated by the solar collector. The function of the storage tank is to provide 
a reserve of hot water or heat for use when sunlight is unavailable, such as 
at night or on cloudy days. The tank ensures a continuous heat or hot water 
supply for household or commercial needs.
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9.	 The photovoltaic (PV) system batteries should be checked regularly, ideally 
once a month. Maintenance includes:

•	 Cleaning the terminals to prevent corrosion and ensure a good 
connection.

•	 Checking the water level in lead-acid batteries and topping it up with 
distilled water if needed.

•	 Test the battery charge to ensure it is holding properly and does not 
show signs of degradation.

•	 Checking for any leaks or bulging, which could indicate that the battery 
is failing.

10.	 To maintain a solar thermal system, the following tasks should be performed:

•	 Inspect the solar collector for damage or dirt buildup that could reduce 
efficiency.

•	 Check the fluid levels in the system to ensure proper circulation.
•	 Inspect the storage tank for leaks or signs of corrosion.
•	 Test the temperature and pressure relief valve to ensure it works 

correctly.
•	 Check for airlocks in the system, especially piping, which can prevent 

proper heat transfer.

11.The performance of a photovoltaic (PV) system can be checked using a 
performance monitor or solar meter, which measures the system’s energy 
output. You can also monitor the voltage and current from the inverter or use 
online monitoring tools if the system is connected to the internet. A significant 
drop in energy production may indicate an issue with the system, such as 
shading, dirt on the panels, or a malfunctioning component.

12.Regular cleaning of photovoltaic (PV) panels is important because dirt, dust, 
bird droppings, or other debris can block sunlight from reaching the panels, 
reducing their efficiency and energy output. Cleaning ensures that the panels 
absorb the maximum sunlight, improving their performance and lifespan.
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SECTION 6
1.	 Key components include setting goals, identifying energy usage areas, 

developing strategies, implementing actions, and monitoring progress.

2.	 Conduct a walkthrough to note energy-consuming equipment, use meters to 
measure consumption, and review utility bills to identify trends.

3.	 Students can turn off unused lights, report energy wastage, create awareness 
campaigns, and participate in audits or planning activities.

4.	 SMART goals are Specific, Measurable, Achievable, Relevant, and Time-bound. 
They ensure clarity and focus, making objectives more attainable.

5.	 Renewable energy sources, such as solar or wind power, reduce reliance on 
non-renewable energy, lower long-term costs, and support sustainability goals.

6.	 Measures include using energy-efficient appliances, installing LED lights, 
promoting energy-saving habits, and incorporating renewable energy sources 
like solar panels.

7.	 The purpose is to find simple, low-cost, or no-cost opportunities to save energy 
and improve energy efficiency.

8.	 Areas include classrooms, laboratories, offices, cafeterias, and outdoor lighting 
systems to check for energy-wasting practices or equipment.

9.	 Issues include unsealed windows and doors, incorrect thermostat settings, 
blocked air vents, and inefficient HVAC systems.

10.People can use a checklist to note observations, take photographs of problem 
areas, and record data such as room temperatures and equipment power usage.

11.Tools include a clipboard, checklist, flashlight, thermometer, and a handheld 
energy meter to measure equipment power usage.

12.Saving energy reduces electricity bills, minimises environmental impact, and 
conserves resources for future generations.

13.Habits include turning off appliances when not in use, unplugging devices 
that consume standby power, and using energy-efficient settings.

14.Energy-efficient appliances use advanced technology to perform the same 
tasks while consuming less electricity, reducing costs and energy demand.

15.Students can turn off lights and projectors when not needed, use natural light, 
and encourage responsible use of computers and other devices.

16.Maintenance, like cleaning air conditioner filters or defrosting refrigerators, 
ensures that equipment operates efficiently and consumes less energy.

17.Smart devices, like programmable thermostats and smart plugs, allow users to 
schedule and monitor energy use, ensuring devices are only on when needed.

18.Insulation prevents heat loss, ensuring that thermal energy is retained and 
reducing the need for the equipment to reheat water or air frequently.
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19.Programmable thermostats allow users to set heating schedules, ensuring 
energy is only used when needed and reducing unnecessary heating.

20.Regular maintenance, such as cleaning burners, checking for leaks, and 
ensuring proper calibration, keeps equipment running efficiently, reducing 
energy waste.

21.Sealing leaks prevents heated air from escaping and cold air from entering, 
reducing the workload on the heating system and saving energy.

22.Tankless water heaters heat water on demand instead of maintaining a hot 
water supply, reducing standby energy losses and saving energy.

23.Zoning allows different areas to be heated independently, ensuring energy is 
used only where and when needed, avoiding unnecessary heating of unused 
spaces.

24.High-efficiency models are designed to use less fuel or electricity while delivering 
the same performance, reducing energy consumption and operational costs.

SECTION 7
1.	 Use criteria such as

•	 Effectiveness: Will it solve the problem?
•	 Feasibility: Can it be implemented with available resources?
•	 Cost: Is it affordable?
•	 Time: How long will it take to implement?

2.	 Software like Tinkercad, Fusion 360, Blender, or SolidWorks can be used. 
These tools allow precise designs, easy modifications, and virtual testing of 
prototypes before physical manufacturing.

3.	
•	 Keep a design journal with sketches and notes.
•	 Save all 3D model versions.
•	 Take photos or videos during construction.
•	 Record test results and revisions.

4.	
•	 Define the purpose and requirements.
•	 Sketch initial designs.
•	 Use 3D modelling software to create a digital model.
•	 Choose materials for the physical prototype.
•	 Fabricate using a 3D printer or other tools.
•	 Test and refine the prototype.
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5.	 A 3D prototype is a physical or digital model of a product created to test its 
design, functionality, and usability. It helps identify flaws, refine ideas, and 
demonstrate concepts before full production.

6.	 3D modelling software allows you to create precise digital representations of 
your design, visualise it in 3D, test its functionality, and adjust it before making 
a physical version.

7.	 The first step is defining the problem by identifying its root cause and 
understanding its scope and impact.

SECTION 8
1.	

•	 Beginner-friendly: Tinkercad, SketchUp.
•	 Intermediate: Fusion 360, Blender.
•	 Advanced: SolidWorks, AutoCAD, Maya.

2.	
•	 STL: For 3D printing.
•	 OBJ: For detailed models with textures.
•	 FBX: For animations and games.

STEP/IGES: For CAD and industrial designs

SECTION 9
1.	 An automation system is a technology or process that allows tasks to be 

performed with minimal human intervention using control systems like robots, 
PLCs (Programmable Logic Controllers), or software. It improves efficiency, 
consistency, and safety while reducing human error.

2.	 The key components are
•	 Sensors: Detect environmental or system changes.
•	 Controllers: Process sensor input and execute commands (e.g., PLCs or 

microcontrollers).
•	 Actuators: Carry out physical actions (e.g., motors, valves).
•	 Communication Networks: Facilitate data exchange.
•	 Software: Manage control logic and monitoring.

3.	
•	 Use emergency stop buttons.
•	 Implement fail-safe mechanisms.
•	 Ensure electrical insulation and proper grounding.
•	 Design systems to comply with safety standards like ISO 13849 or IEC 

61508.
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4.	 A PLC can control the automation system by receiving input signals from 
sensors, processing these signals based on preprogrammed logic, and sending 
commands to actuators to perform specific tasks.

5.	 Automation is used in robotic arms for assembling vehicles in the automotive 
industry. These robots perform tasks like welding, painting, and component 
placement with precision and efficiency.

6.	 Simulation software helps design, test, and optimise automation systems in 
a virtual environment before physical implementation. It saves time, reduces 
costs, and identifies potential issues early.

7.	 Arduino is an open-source electronics platform based on easy-to-use hardware 
and software. It is popular because it is user-friendly, affordable, and suitable 
for beginners to learn programming and electronics.

8.	 Arduino uses a simplified version of C/C++, with additional libraries to 
control hardware easily.

9.	
•	 setup(): Initialises settings and runs once when the program starts.
•	 loop(): Contains the main code and runs repeatedly as long as the Arduino 

is powered.

10.	
•	 Write the code in the Arduino IDE.
•	 Connect the Arduino board to your computer via USB.
•	 Select the correct board and COM port in the IDE.
•	 Click the Upload button (arrow icon) to upload the code.

11.	 The pinMode() function sets a pin as INPUT or OUTPUT.

Example,

pinMode(13, OUTPUT); // Set pin 13 as output

12.	 An embedded system combines hardware and software designed for a specific 
function within a larger system. Arduino is a versatile microcontroller that can 
be programmed to create simple embedded systems like temperature monitors 
or motion detectors.

13.	 Key components include

•	 Arduino board (e.g., Uno, Nano).
•	 Sensors (e.g., temperature, light, motion).
•	 Actuators (e.g., motors, LEDs, buzzers).
•	 Power source (e.g., USB, battery).
•	 Communication module (e.g., Bluetooth, Wi-Fi, if needed).

14.	 Consider the following

•	 Number of input/output pins required.
•	 Memory size for your program.
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•	 Connectivity options (e.g., Bluetooth or Wi-Fi).
•	 Size and cost constraints.

15.	
•	 Verify each component individually.
•	 Test the system under various operating conditions.
•	 Compare system outputs to expected results.
•	 Simulate real-world scenarios and evaluate performance.

16.	 Testing ensures that all components and the system as a whole function as 
intended. It helps identify and correct any issues before final implementation.
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Glossary
WORD MEANING

3D printer: It is a device that creates three-dimensional objects by adding material 
layer by layer based on a digital model. This process, known as additive 
manufacturing, enables the production of complex shapes and designs that 
traditional manufacturing methods may struggle to achieve.

Arduino: This is an open-source electronics platform based on easy-to-use hardware 
and software. It is widely used to create interactive projects and prototypes, 
ranging from simple devices to advanced systems. Arduino boards are 
microcontrollers that can be programmed to control or interact with 
various electronic components like sensors, motors, and LEDs.

Artifact: It is a physical or digital creation that serves as evidence of a completed 
task, such as a prototype or schematic demonstrating the design and 
operation of an automation system.

Attributes are qualities or characteristics that define or distinguish a person, thing, or 
concept.

Automation 
system: 

It combines hardware and software designed to operate equipment, 
processes, or systems with minimal or no human intervention. These 
systems streamline tasks, improve efficiency, and enhance reliability across 
various domains.

Automation: This refers to using technology to perform tasks with minimal human 
intervention. It involves employing systems such as software, machines, 
or robotics to streamline processes, increase efficiency, and reduce manual 
effort.

Behaviour  is how a person acts or conducts themselves, especially towards others, in 
various situations.

CAD  is Computer-Aided Design.

CAD tools are computer software applications used to create, modify, analyse, and 
visualise detailed designs and models, commonly used in engineering, 
architecture, and manufacturing.

Charge 
controller: 

Regulates the flow of electricity to and from the battery to prevent 
overcharging or deep discharge.

Consequences are the outcomes or results that follow from an action, decision, or event, 
whether positive or negative.

Constraints: Refers to limitations or restrictions that affect how something can be done 
or achieved. These can be factors that impose boundaries, conditions, or 
requirements, which may limit choices, actions, or resources.
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WORD MEANING

Constraints: These are the limitations or restrictions that must be considered when 
planning or executing a project, task, or goal. In organisational, academic, 
or operational contexts, constraints define the boundaries within which 
solutions must be developed or decisions made.

Debugging: It is the process of identifying, analysing, and fixing bugs or defects in the 
system. While testing reveals issues, debugging resolves them.

Design 
requirements: 

These are specific criteria, attributes, or constraints that a product, system, 
or project must meet to fulfil its intended purpose. These requirements 
guide the design process and ensure the outcome aligns with user needs, 
technical standards, and project goals.

Design This refers to conceptualising, planning, and creating a solution to meet 
specific needs or solve problems. It involves combining functionality, 
aesthetics, and usability to achieve a desired outcome in a product, system, 
or structure.

Designing 
electronic 
circuits

 involves creating a plan or layout for how electronic components will be 
connected and arranged to perform a specific function within an electrical 
system.

Electrical 
equipment: 

It refers to devices, tools, and machinery that use electrical energy to 
perform a function or task. These items can range from household 
appliances to industrial machinery, all designed to operate using 
electricity. Managing and maintaining electrical equipment efficiently is 
critical to ensuring safety, longevity, and energy conservation.

Electronic 
components 

are the basic parts, such as resistors, capacitors, and transistors, used in 
circuits to control and manipulate electrical currents and signals.

Embedded 
system: 

It is a specialised computer system that performs specific functions within 
a larger system. It combines hardware and software designed to control, 
monitor, or assist the operation of a device or system. Unlike general-
purpose computers, embedded systems are tailored for tasks.

Energy audit: It is a process used to assess the energy efficiency of a building, system, 
or facility. It involves identifying energy waste, understanding energy use 
patterns, and recommending improvements to reduce energy consumption 
and costs. Energy audits are typically performed in homes, businesses, or 
industrial facilities to optimise energy performance.

Energy 
management 
plan: 

This is a strategic framework designed to monitor, control, and reduce 
energy consumption within a facility, organisation, or system. It involves 
assessing current energy use, identifying areas for improvement, 
implementing strategies, and tracking progress to meet energy efficiency 
goals.
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AUTOMATION AND EMBEDDED SYSTEMSSECTION 9

WORD MEANING

Energy-saving 
tips: 

They help to reduce energy consumption, lower utility bills, and reduce 
environmental impact by conserving natural resources. These tips can 
be applied to various systems, from heating and cooling to electrical and 
industrial equipment.

Hazard: It refers to any source of potential harm, danger, or adverse effect on 
people, property, or the environment and can include physical, chemical, 
biological, or ergonomic risks that may cause injury, illness, or damage if 
not properly controlled or mitigated.

Heat exchanger: It is a device that transfers heat between two or more fluids (liquid or gas) 
without mixing them.

Installation: It refers to assembling, setting up, and preparing equipment, systems, or 
infrastructure for use. It ensures that components are properly placed, 
connected, and functioning as intended.

Inverter: Converts DC electricity from the panels into alternating current (AC) for 
appliances and grid use.

Maintenance: It refers to the activities performed to keep equipment, systems, or 
infrastructure in good working condition, ensuring their functionality, 
safety, and longevity. It involves regular checks, repairs, and replacements 
to prevent breakdowns and improve performance.

Maintenance: This refers to the activities carried out to preserve or restore equipment, 
systems, or infrastructure to ensure they operate efficiently, safely, 
and at optimal performance levels. It involves routine checks, repairs, 
replacements, and improvements. Maintenance is essential in extending 
the lifespan of assets, preventing unexpected breakdowns, and reducing 
energy costs, particularly in systems like heating, cooling, and electrical 
equipment.

Monitoring: It refers to the continuous or periodic process of observing, tracking, 
and recording the performance and operation of systems, equipment, or 
processes. In energy management and energy audits, monitoring involves 
measuring energy usage and assessing the efficiency of various equipment 
or systems over time. The goal of monitoring is to ensure that energy 
consumption stays within desired limits, identify inefficiencies, and ensure 
that energy-saving measures are effectively implemented.

Optimal 
solution: 

This is the best possible answer to a problem, achieved by balancing 
efficiency, cost, time, and quality. It is the solution that maximises or 
minimises a specific objective, depending on the problem’s goals, and 
offers the most effective and sustainable outcome.

Optimisation: The process of making something as effective, efficient, or functional as 
possible. It involves analysing several factors to identify the best or most 
favourable conditions or configurations to achieve a desired outcome.
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WORD MEANING

Photovoltaic 
system: 

This renewable energy system converts sunlight into electricity using 
photovoltaic cells. It is widely used for clean and sustainable power 
generation.

Possible 
solutions: 

These are potential ways to address or resolve a specific problem, 
challenge, or need. In problem-solving and decision-making, identifying 
multiple solutions helps explore various approaches, evaluate feasibility, 
and select the best course of action.

Processes: Refers to a series of actions, steps, or operations that are undertaken to 
achieve a particular outcome or result. It involves a systematic sequence of 
activities that transforms inputs into outputs.

Professionalism is the adherence to high standards of conduct, competence, and integrity 
expected in a professional setting.

Programming: It is the process of creating a set of instructions that a computer can 
understand and execute to perform specific tasks. These instructions, 
written in a programming language, enable computers, applications, or 
devices to function as intended.

Prototype: A preliminary model or sample of a product, system, or concept created 
to test and evaluate its design, functionality, or feasibility. Prototypes are 
often used in engineering, design, and development processes to identify 
potential problems, refine solutions, and gather feedback before moving to 
final production or implementation.

Prototypes: They are early models of a system, product, or concept designed to test 
functionality, validate feasibility, and refine the final design before full-
scale implementation.

Renewable 
energy: 

It is energy that comes from natural sources that are replenished on a 
human timescale. Unlike fossil fuels, renewable energy is sustainable and 
has a minimal environmental impact.

Risk assessment is a systematic process of identifying, evaluating, and managing potential 
risks in various environments, such as workplaces, schools, or public 
spaces. Organisations and individuals can take proactive steps to prevent 
accidents, reduce hazards, and create safer, healthier environments by 
assessing risks.

Risk refers to the likelihood or probability that a particular hazard will cause 
harm or an undesired event, along with the potential severity of that 
harm. Risks are evaluated based on factors like the nature of the hazard, 
exposure level, and vulnerability of those affected.

Risk: The possibility of experiencing harm, loss, or adverse consequences 
because of an action, event, or decision. It encompasses the uncertainty 
associated with potential negative outcomes. Risk can apply to various 
contexts, such as financial investments, health, safety, and environmental 
issues.
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Slicing software: It is a tool that converts 3D models into G-code instructions for 3D 
printers, optimising parameters like layer height, infill, and support 
structures to ensure precise, layer-by-layer fabrication.

Solar collector: It is a device that captures solar energy and converts it into heat for various 
applications, such as water heating, space heating, or industrial processes. 
It is a critical component of solar thermal systems.

Solar panel: Capture sunlight and convert it into direct current (DC) electricity.

Solar thermal 
system: 

It captures sunlight to generate heat, typically used for water heating, 
space heating, or industrial processes.

Systematic: Something done according to a fixed plan or method in an organised, 
structured, and consistent way. It involves following rules or steps 
to ensure thoroughness and efficiency, often to achieve reliable and 
repeatable results. In a systematic approach, each part or step is carefully 
arranged and executed logically.

Testing: It is the process of evaluating a system or component to verify that it fulfils 
specified requirements. It focuses on identifying and rectifying issues in 
the software or hardware before deployment.

Thermal 
equipment:

 It refers to devices and systems that generate, control, or transfer heat 
for various applications, from heating homes and buildings to industrial 
processes. These systems are essential for maintaining comfortable 
temperatures, cooking, and industrial production. Proper thermal 
equipment operation and maintenance can result in energy savings and 
increased efficiency.

Unprofessional: refers to behaviour or conduct that does not meet the expected standards 
of a professional setting, often characterised by a lack of competence, 
respect, or ethical integrity.

Walk-through 
energy audit:

This is a low-cost, straightforward approach to assessing how energy is 
used in a facility and identifying opportunities for energy savings. During 
a walk-through audit, a team or individual inspects the site, interacts with 
the equipment, and observes the energy usage, inefficiencies, and potential 
improvements.

Walk-through: This is a process used to evaluate a system, equipment, or facility by 
physically inspecting it in person. This method allows for a comprehensive 
and firsthand assessment to identify potential issues, inefficiencies, or 
areas for improvement. In energy management and energy audits, a walk-
through often involves evaluating energy usage, identifying areas where 
energy can be saved, and recommending solutions. It’s a practical, visual 
method for gathering data and better understanding energy systems.
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