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Introduction

❖ Importance of electrical safety

❖ High-risk areas in engineering

❖ Objectives

➢    Identify electrical hazards

➢    Understand safety practices and codes

➢    Apply control measures
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Electrical Hazards in the Workplace

❖ Types of Hazards:

➢    Electric shock

➢    Arc flash

➢    Burns and fires

❖ Causes:

➢    Faulty wiring, exposed conductors

➢    Inadequate PPE

➢    Unsafe equipment or practices
5
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Contact with Power Lines: Overhead and buried power lines carry high voltage that can cause 

instant electrocution.

Damaged Equipment: Frayed cords, cracked tool casings, and broken plugs expose "live" parts.

Improper Grounding: A missing or discontinuous ground path prevents a safe exit for current 

during a fault.

Overloaded Circuits: Plugging too many devices into a single outlet or daisy-chaining extension 

cords can cause overheating and fires.

Wet Conditions: Water greatly reduces skin resistance, increasing the severity of a shock.

Arc Flash/Blast: A sudden release of electrical energy through the air that can reach temperatures 

up to 35,000°F, causing severe burns and pressure waves. 
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Modeling (a) the HV transmission line and the terminal substation; (b) the fault-to-ground 

condition at one of the HV line towers. 
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Electrical Safety Concepts

➢ Voltage, current, resistance, and 

power

➢ Grounding and bonding

➢ Overcurrent protection

➢ Lockout/Tagout (LOTO)
18

❖ A critical area of workplace safety, 

encompassing several key concepts to protect 

people and equipment from electrical hazards

❖ . The core concepts listed are fundamental to 

understanding and mitigating these risk
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•Voltage : the electrical pressure or force that causes current to flow.

•Current :the flow of electrical charge. The amount of current passing through the body is a 

primary factor in the severity of an electric shock.

•Resistance : the opposition to the flow of current. Materials with low resistance are conductors 

(e.g., metals), while those with high resistance are insulators (e.g., rubber, glass).

•Power is the rate at which electrical energy is transferred or used (measured in watts, P=V*I).

•Grounding provides a safe, low-resistance path for fault current to the earth, which helps 

prevent electric shock and fires. A properly grounded system minimizes the risk of a dangerous 

voltage build-up on equipment enclosures.

•Bonding connects various pieces of conductive equipment to keep them at the same electrical 

potential. This prevents static sparking between objects and ensures that grounding systems 

work effectively.
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•Fuses and circuit breakers are essential overcurrent protection devices.

•They automatically interrupt the flow of current when it exceeds a safe level (due to an overload 

or short circuit), thus preventing damage to equipment and reducing the risk of fire.

•LOTO is a safety procedure used to ensure that equipment is completely shut off, de-energized, 

and rendered inoperable before maintenance or servicing work begins.

•The procedure involves placing locks on energy-isolating devices (like circuit breakers or 

valves) and attaching tags to warn others that the equipment must not be operated.

•This prevents the unexpected energization or start-up of machinery and the accidental release of 

hazardous energy (electrical, mechanical, etc.), which could cause severe injury or death.
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Risk Assessment

➢ Steps:

❖    Identify electrical sources

❖    Evaluate risk severity and likelihood

❖    Control or mitigate risks

➢ Tools:

❖     Job Safety Analysis (JSA), Hazard 

Matrix
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identifying sources (wiring, tools), 

evaluating risks (severity/likelihood) using tools like a Hazard Matrix, and 

controlling them (elimination, PPE) following the hierarchy of controls, 

often documented via a Job Safety Analysis (JSA) that breaks tasks into steps, identifies hazards, 

and outlines safety measures for each step. 

The core process includes identifying hazards, assessing risks, implementing controls, 

documenting findings, and reviewing them regularly

Risk Assessment Steps (Electrical Context)

1.Identify Electrical Hazards: Locate exposed wires, overloaded circuits, faulty equipment, wet 

conditions near power sources, and potential for arc flash.

2.Assess Risks: Determine the severity (how bad the harm could be) and likelihood (how often it 

might happen) for each hazard, often using a hazard matrix.

https://www.google.com/search?client=firefox-b-d&q=Job+Safety+Analysis&mstk=AUtExfBJBgog2TBgfmTZvWzauBhxcO0-IJ5RstHDvnbDjgaqnMgDcu4PKRUA3iFUOVPQMqshNRe1vWHLngVWxL2vpaVBeFU5Gu3gfU9nsRiFzmR4fcyiG50mtlkhPOOHmzJHvXyQrfAxh_fVPrLud7v4tIL0CpFL3UcY1RuSp7sO9IAGQ3Y&csui=3&ved=2ahUKEwi-27n3q5GSAxVzg2MGHYLvAE4QgK4QegQIAhAC
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3.Control Risks: Apply the hierarchy of controls:

Eliminate the hazard (e.g., remove the faulty tool).

Substitute with safer alternatives.

Engineering Controls (e.g., guards, RCDs).

Administrative Controls (e.g., procedures, training).

Personal Protective Equipment (PPE) (e.g., insulated gloves) as a last resort.

4.Document Findings: Record the identified hazards, risk levels, and control measures, often 

within a JSA.

5.Review & Update: Periodically check controls to ensure they remain effective and update the 

assessment as needed
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Personal Protective Equipment (PPE)

➢ PPE for Electrical Work:

❖    Insulated gloves and boots

❖    Arc-rated clothing

❖    Face shields and goggles

➢ PPE Selection: Based on voltage level and risk category
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Electrical PPE protects against shock and arc flash using insulated gloves/boots, arc-rated (AR) 

clothing, and face shields/goggles, selected based on the task's voltage and Hazard Risk Category 

(HRC) or incident energy level, with higher categories requiring more robust gear like full AR 

suits and specialized head/hand/foot protection for extreme hazards.Electrical PPE Components

•Insulated Gloves & Boots: Provide shock protection, often rubber insulating gloves with leather 

protectors. Boots are insulated and AR-rated.

•Arc-Rated (AR) Clothing: Flame-resistant materials (shirts, pants, coveralls, hoods) that 

prevent burns by blocking flames and absorbing heat.

•Face & Eye Protection: AR face shields, goggles, or full hoods, plus safety glasses, protect eyes 

and face from heat, sparks, and debris.

•Head Protection: Hard hats, often with AR liners, for impact and flash protection.

•Hearing Protection: Earplugs or muffs for noise and arc blast protection.
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PPE Selection: Voltage & Risk Category

•Voltage Level: Determines the necessary insulation class for gloves and footwear (e.g., Class 00 

for 500V, Class 2 for 17kV).

•Arc Flash Hazard (HRC/Incident Energy):

• Lower Risk (e.g., HRC 1-2): Basic AR clothing (shirt/pants or coverall), AR face 

shield/hood, safety glasses, gloves/protectors, hard hat, leather boots.

• Higher Risk (e.g., HRC 3-4): Full AR suit (jacket, pants, hood), heavy-duty AR 

gloves/protectors, AR footwear, hard hat, hearing protection, goggles.

•Method: Use the incident energy method (preferred) or the category method, referencing 

equipment labels and NFPA 70E guidelines for selection.
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Safe Work Practices
Essential for preventing electrical shocks, burns, and fatalities. They form the basis of "electrically 

safe work conditions.

Never Bypass Safety Devices: Safety interlocks, ground pins, and fuses are designed to protect 

personnel. Bypassing them can lead to equipment failure, serious injury, or fire.

Use Insulated Tools: When working near electrical circuits, use tools specially designed with 

non-conductive, certified, and tested insulation (such as VDE-rated). This reduces the risk of 

accidental short circuits and electric shocks if the tool contacts a live wire.

Maintain Safe Distances: Always keep a safe distance from overhead power lines (at least 10 

feet) and other live components to prevent accidental contact, especially when carrying ladders, 

pipes, or operating equipment.

Use GFCIs in Damp Locations: Ground Fault Circuit Interrupters (GFCIs) must be used in 

damp or wet locations (e.g., outdoors, kitchens, basements) to instantly break the circuit if 

electricity leaks, protecting against fatal shock.

Always Test Before Touch (Verify De-energization): Never assume a circuit is off. Before 

starting work, use a trusted, calibrated voltage tester to confirm that the equipment is truly de-

energised, even after turning off the breaker
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❖ de-energizing equipment via Lockout/Tagout 

(LOTO) to prevent accidental startup, 

❖ using insulated tools and gear for protection, 

❖ avoiding wet conditions, and 

❖ respecting clearance distances from live parts like 

overhead lines, all to prevent shocks, burns, and 

electrocution by isolating hazards and creating safe 

work zones
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Practices Explained:

•De-energize Equipment Before Work (Lockout/Tagout): This is critical; before any 

maintenance or repair, the power source must be completely turned off, locked out, and tagged to 

prevent accidental re-energisation, which is often done using LOTO procedures.

•Use Proper Tools and Insulation: Always use tools with insulated handles, rated for the 

voltage, and ensure you wear appropriate insulating gloves and gear, keeping them in good 

condition to prevent current transfer.

•Avoid Wet Locations: Water conducts electricity, so keep all electrical equipment, cords, and 

connections dry and away from damp or wet environments, using rubber mats and boots if 

necessary.

•Maintain Clearance Distances: Stay a safe distance from overhead power lines (often 10 feet or 

more) and establish exclusion zones around energized equipment to prevent accidental contact 

with live parts

https://www.google.com/search?client=firefox-b-d&q=Lockout%2FTagout&mstk=AUtExfAPlL0Qnzgeu4D6fWSA_sRdv7pjADUpPbj4RutFyRLgzX2isVvblVYF73ajhEiwqB3uFPWuRtXfAPdOTN0cC8xxUhq94spkvKWp9O4j82oDcYbjIcQw_mO3f3PpP_Y_e0JAHuUszMn3_aDgdFRTzdWy1onVraclCO6-QSiPTq3vD9k&csui=3&ved=2ahUKEwjtouedoJGSAxX04TgGHWYBCw0QgK4QegQIAxAB
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Additional Safety Measures:

•Inspect Equipment: Regularly check cords, tools, and equipment for damage (cracks, frayed 

wires) and don't use anything defective.

•Ground Equipment: Use properly grounded (3-prong) cords and equipment.

•Awareness: Always assume lines are live; look up for overhead lines and stay aware of your 

surroundings.

•Training: Ensure all workers are trained in electrical safety and PPE usage
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Lockout/Tagout (LOTO) Procedures

➢ Purpose: Prevent accidental energization

➢ Steps:

❖    Shut down the equipment

❖    Isolate the energy source

❖    Lock and tag

❖    Verify zero energy state
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Causes of Electrical Accidents
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Standards and Regulations

➢ Applicable Standards:

❖    IEC, IEEE, NFPA 70E

❖    OSHA electrical safety regulations

❖    MNBC, EI

➢ Importance of Compliance
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Case Studies

➢ Short example of an electrical accident

➢Analysis of what went wrong

➢Lessons learned
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Safety Culture and Training

➢ Encourage reporting of hazards

➢ Continuous safety training

➢ Safety audits and toolbox talks
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Responsibilities of Engineers

➢ Design for safety

➢ Conduct inspections

➢ Supervise and train teams

➢ Stay updated with codes and standards

70



71



72



Conclusion

➢ identify, assess, and mitigate electrical hazards

➢ Follow best practices and use PPE

➢ Promote a culture of safety
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