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Overview

Universal changes have shifted how we view our homes. They are not only dwellings for
sleeping and relaxing but are now also offices, school rooms, and more. While sustainability
always remains at the forefront of our smart technologies, comfort and mitigating the
environmental impact are also driving factors behind our actions. No matter how our homes
are constructed and designed, safety always matters, especially in households where
end-users do not have the related expertise.

The residential sector represents a large percentage of the world’s electricity consumption -
29%'. With the development of electric vehicles (EVs), the widespread use of heat pumps
and air-conditioning for residential ventilation, and the increase in extreme weather around
the world causing mass blackouts, it's clear this demand is only expected to increase. On-
site solar generating, energy storage, abd demand response programes are some new
strategies to lessen the CO? impact. With sustainability becoming top-of-mind criteria to
mitigate global warming, energy supply and demand in the home need to be managed
accordingly, for cost as well as safety concerns.

This increase in consumption may possibly create more risk. The need for resilience has
become more apparent in many regions of the world due to the rise in electrical outages,
such as the Middle East, Australia, the USA, and beyond. According to the US Department
of Energy research, weather-related power interruptions are the main reason for blackouts.
Wildfires and other catastrophic disasters sometimes force utilities to turn off the power for
public safety purposefully?. Countries such as Iran and Iraq have been experiencing
extreme heat of above 122 degrees Farenheit, which coupled with poor electricity
infrastructure, is causing severe power outages®.
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Overview

In certain places, utilities use deliberate brownouts to prevent rolling blackouts; in other
sites, mandatory energy usage cutbacks are implemented to help the area's overall energy
infrastructure fulfil its needs. These occurrences are enhancing interest in and demand for
onsite generation while elevating resilience to a top priority.

Schneider Electric is committed to driving innovation and accelerating sustainability, with a
purpose firmly rooted in these values. We are constantly working with home builders,
electricians and even designers towards providing the best digital technologies for our
ever-changing world.
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Residential sector Weather-related power Countries have been
represents 29% of the interruptions causing experiencing extreme
world's electricity blackouts heat of above 122
consumption degrees Fahrenheit
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Working from Home

More people moved to working from home to protect the community during the pandemic.
Due to the stay-at-home orders, people were spending more time in their living room,
kitchens, and home offices. Many still are working from home or partaking in hybrid working
situations. And more people spending more time at home presents potential electrical
hazards.

According to the IEA, approximately one-third of the world’s population was in complete
lockdown in April 2020, and houses were converted into offices for employees and
classrooms for students. This situation compelled approximately 59% of employees to work
from home, altering the pre-pandemic energy consumption pattern in residential buildings®.

Prior to 2020, residential electricity consumption was high in the mornings and decreased
throughout the day, with peaks in the evening. During the pandemic, electricity demand
increased later in the morning. It remained constant at a 16% increase during working
hours, resulting in an overall increase in electricity consumption ®, by running systems such
as air conditioners, lighting, and appliances during work hours. For example, average
energy usage for the heating, ventilation and air conditioning (HVAC) unit increased by
25% in the month of April 2020 compared to the same month for the years 2017-2019 °.
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Working from Home
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experienced
heatwaves and the
country's biggest-
ever peak in power
consumption as a
result of March 2022
being the warmest
month on record.

While the world has now returned to a form of normality, there are lasting effects in the way we
live and consume energy. Home delivery has become the norm, the way entertainment is
distributed has altered, and many people work under hybrid models. Shifts such as these are
affecting the rise in demand for energy. In 2022, the global electricity demand rose 3%, in line
with the historic average’. These changes in how we live, work and play are not only driving
energy demands, but also can potentially lead to a high risk of electrical dangers around the
home. At the same time, extreme weather events across the world not only draw obvious
concerns about rising bills and energy issues but also implicitly expose potential safety risk,
which highlight the need for increased security of supply and resilience.
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More focus is heeded on electrical security in a world where both supply and demand for
electricity are becoming more weather-dependent. Extreme weather events posed
difficulties for the world’s power systems in 2022, in addition to the high cost of electricity
generation. Along with the drought in Europe, India experienced heatwaves and the
country’s biggest-ever peak in power consumption as a result of March being the warmest
month on record. Delhi also registered its highest-ever temperature in May 2022 of 49°C8.
Extreme heat across the Middle East spiked the demand for energy, which means
widespread power outages have been affecting millions. °In December 2022, there were
numerous significant power disruptions in the United States due to strong winter storms.

Power systems need to become more flexible in order to maintain a secure and reliable
supply of electricity. Ensuring the resilience of these systems will be crucial. Alongside this,
households need to be educated in electrical safety to ensure they are safe or use energy
efficiently.
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Working from Home

Essential safety measures for every
household

Households are often
aware of certain safety
measure that can keep
their families and #
belongings safegbutthe
don't necessariijknow how
to puithem into"Pactic

Here are outlined'spe

tips based on the biggest
concerns, for householders
to know and'for electricians
to share with their clients
when working in homes:

Overloading outlets Tripping hazards

An overloaded outlet draws more power A cord that is close to a doorway or crosses
than the circuit can support. Never a walkway could be a tripping hazard.
connect more than the specific load. A Serious bruising, fractured bones and
scenario that poses a hazard to life can injuries to the head, brain, and the spine can
arise from an overload. arise from slipping, tripping, or falling.

Appliances not in use Cords under carpets, rugs, doors,
or windows

Electricity can be saved by unplugging
appliances while they are not in use.
Moreover, it lessens the possibility of
electric shocks or explosions. All
electronics, including computers, _
televisions, modems, gaming devices, beneath heavy furniture.
mobile chargers and home cinemas,

should be unplugged.

A door or window sash can damage an

electrical cable, creating a safety issue, and
a carpeted cord can quickly overheat. Also,
never run a cord across or under a beam, or
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Working from Home

Using extension cords Distance between combustibles and
heat sources

Never rely on extension cords as a
permanent fix. They are susceptible to
damage from continuous use. Turn them
off when connected devices are not in use.

Keep paper, wood, household chemicals, and
other combustible items (or anything that can
generate compustible vapours) at least three
feet away from heat sources to reduce the
risk of fire.

Power strip or extension cord to The wattage of your lights
link fans or space heaters

Fans and heaters should be plugged
directly into a wall socket.Otherwise, the
quantity of energy produced could cause
the power strip or cord to overheat, short
circuit, or catch fire.

Considerations such as brightness,
temperature, and colour rendering index are
crucial, so make sure to double-check the
wattage to make sure the light is safe and
won't cause an electrical overload.

Cord damage Smoke detectors

Tears in insulation and exposed wires
can cause sparks, explosions, shocks,
and electrocution. Using an appliance in
this situation can be very dangerous.
The broken cable should be replaced as
soon as feasible.
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You should check your smoke detectors at
least once a month. Pressing and holding
the test button for a few seconds will
trigger the loud siren. This shows that the
gadget is functional. If the alarm is broken
or doesn't function, swap either the
batteries or the smoke detector.
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Working from Home

Additional tips
to keep in mind
while working from home

Electrical devices shouldn't be charged on beds. Always charge on a
hard, flat surface that is not combustible. To make sure that sockets
and extension leads are not overburdened, use our online socket
calculator.

Keep a spotless workplace. It's crucial to keep hot and cold
beverages away from electrical gadgets to avoid spillages that can
damage gadgets and appliances, and even cause fires.

Extension leads should not be connected in a “daisy chain”
arrangement. Don't use another adaptor if a cable isn't long
enough. Using a longer lead or relocating your desk closer to the
socket are two options.

Have your electrician's phone number handy in case you need
to contact them quickly. They will be the most skilled person to
help with any electrical issues.

12
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Types of Faults / Invisible Dangers

Homes are riddled with potential electrical hazards, both easily recognisable
and invisible. Most electrcial faults are considered to be invisible dangers and
should only be handled by a professional electrician.

Overview

While they are in use, electrical networks, machines, and equipment are frequently prone to
several kinds of defects. When a defect arises, the machine's characteristic values (such as
impedance) may shift from their current values to different values until the issue is fixed.

There are several potential causes of proklems in the power system network, such as
lightning, wind, trees falling on power lines, equipment failure, etc. While these external
factors are often able to indicate a problem that needs to be fixed, some issues are harder
to see before it's too late.

An arc flash is a potentially lethal explosion of energy from an electrical circuit, or a type of
discharge caused by a low-impedance connection through the air to the ground or to
another voltage phase in an electrical system.

Arc flashes are all too common, and many of these incidents result in injuries, and some are
even deadly. Creating a heat blast of up to 35,000 degrees Farenheit, arc flash incidents
can also damage equipment and interrupt business operations, leading to significant
economic losses.

14
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Types of Faults / Invisible Dangers

Develop and audit electrical safe work practices policy.

Conduct an arc flash risk assessment to evaluate the
likelihood of occurrence and severity of arc flash hazards.

KD

Follow strategies to mitigate and control arc flash hazards.

’
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Conduct regularly scheduled safety training and audits for all
electrical workers.

Maintain electrical distribution system components.

Ensure adequate supply of personal protective equipment
(PPE) and proper tools that act as the “last line of defence” for
exposed workers.

EE B
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Types of Faults / Invisible Dangers

Electrical faults in power systems

Electrical faults

Any abnormal situation of the system involving the electrical breakdown of the apparatus,
sockets, wires and cables, etc., is referred to as a fault in an electrical power system. Short
circuits and open circuits of conductors are caused by insulation failures and problems with
the conductiing channel, respectively. The electrical equipment in a power system network
operates at normal voltage and current ratings when it is safe to do so. Voltage and current
values depart from their nominal ranges if a fault in a cirvuit or device occurs. Over- current,
under-voltage, phase imbalance, reversed power, and high-voltage surges are all caused
by power system problems. This causes the network’s regulr operation to be interrupted, as
well as equipment failure, electrical fires, etc.

To reduce the loss of service caused by electrical failures, power system networks are often
safeguarded using switchgear protection instruments such as circuit breakers and relays.

In a three-phase power system, there are primarily two types of electrical defects: open and
short circuit faults. These defects can either be symmetrical or asymmetrical. Let's go over
these flaws in more depth.

16
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Open circuit faults

Types of Faults / Invisible Dangers

One or more conductors failing is the cause of these issues. Joint failures of cables and
overhead lines, failure of one or more phases of circuit breakers, and melting of a fuse or
conductor in one or more phases are the most frequent causes of these defects. Series
faults are another name for open circuit faults. Except for the three-phase open fault, these

faults are asymmetrical or unbalanced.
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Open circuit faults Effects

« Think about a transmission line that is
operating with a balanced load prior to an
open circuit fault. If one of the phases melts,
the alternator’s actual load is reduced, which
raises its acceleration and causes it to run at
a speed that is just a little bit higher than
synchronous speed. Overvoltage in other
transmission lines is brought on by this
excessive speed.

* Hence, single and two-phase open
circumstances can result in an imbalance of
the voltages and currents in the power
system, greatly damaging the equipment.

* A broken conductor and malfunctioning
circuit breaker can cause issues in one or
more phases of an electrical circuit.

Life is On | Schneider Electric

Abnormal operation of the
system.

Danger to personnel as well
as animals.

Exceeding the voltages
beyond normal values in
certain parts of the network,
which further leads to
insulation failures and

developing of short circuit
faults.

Although open circuit faults
can be tolerated for longer
periods than short circuit
faults, these must be
removed as early as possible
to reduce the greater
damage.




Types of Faults / Invisible Dangers

Short circuit faults

A short circuit is described as an anomalous connection of a very low impendance
between two locations of different potential, whether purposeful or unintentional.

They are the most frequent and dangerous failures, causing abnormally large currents to
flow through machinery or transmission lines. When these defects are ignored, even for a
brief time, the equipment suffers significant hazards.

Shunt faults are another name for short circuit faults. These problems are brought on by a
breakdown in the insulation between the phase conductors, the ground, or both.

Three-phase Phase-to-phase short circuit
short circuit clear of earth
L3

k2 A L2 =
L T L1 |

Phase-to-phase-to-earth Phase-to-earth
short circuit short circuit

L3 L3

—T— <

N L2 L2
L1 | N L1 T

I* [* *
K2EL3 K2EL2 I* 1
| *
kEZ2E
—‘— Short-circuit current < }—— Partial short-circuit current in conductors and earth
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Types of Faults / Invisible Dangers

As seen in the image, there are several different short circuit fault circumstances that could
occur, including three phases to earth, three phases clear of the earth, phase to phase,
single phase to earth, two phases to earth, and phase to phase plus single phase to earth.

Whereas the remaining faults are unsymmetrical faults, the three-phase faults clear of earth
and to earth are balanced or symmetrical short circuit faults.

Short circuit faults Effects

These may be due to internal or external effects: Arcing faults can lead to fire
and explosion in equipment
such as transformers and
circuit breakers.

Abnormal currents cause the
equipment to get overheated,
which further leads to a
reduction of the life span of
their insulation.

The operating voltages of the
system can go below or
above their acceptance
values which creates a
harmful effect on the service
rendered by the power
system.

The power flow is severely
restricted or even completely
blocked as leng as the short
circuit fault persists.

X Internal impacts include transmission line or
equipment failure, corrosion of insulation in
transformers, generators, and other electrical
equipment, faulty installation, and poor design.

X External effects include overloading of
equipment, insulation failure due to lighting
surges, and mechanical damage by the public.

19
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Types of Faults / Invisible Dangers

Symmetrical and unsymmetrical faults

As discussed above, faults are mainly classified into cpen and short circuit faults
and again, these can be symmetrical or unsymmetrical faults.

Symmetrical faults

« A symmetrical fault generates currents that are dispersed by 120 degrees from one
another. A balanced fault is another name for a symmetrical fault. When all three
phases are concurrently shorted out, this fault occurs.

» Compared to unsymmetrical flaws, these faults are less common in practice. Line to
line to line (L-L-L) and line to line to line to ground (L-L-L-G) are two examples of
symmetrical faults.

+ Arough estimate of the proportion of symmetrical faults in the total number of system
defects is between 2 and 5%. Unfortunately, even if the system is still in balance, if
these mistakes happen, they destroy the equipment.

» For determining the rupturing capability of the circuit breakers, choosing set-phase
relays, and choosing other protective switchgear, an analysis of these faults is
necessary. Bus impedance matrix analysis or Thevenin's theorem is used to examine
these errors on a phase-by-phase basis.

20
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Types of Faults / Invisible Dangers

Unsymmetrical faults

X Unsymmetrical faults are the most frequent types of network problems in the power
system. Unsymmetrical fault currents are produced by this type of fault (having
different magnitudes with unegual phase displacement). These errors, which result
in imbalanced currents in the system, are alsoc known as unbalanced faults.

¥ As perthe explanation above, unsymmetrical faults consist of both single-phase and
two-phase open circuit faults as well as short-circuit faults {excluding L-L-L-G and L-
L-L}.

K The three symmetrical fault types caused by short circuit conditions—phase or line
to ground (L-G) fault, phase to phase (L-L} fault, and double line to ground {L-L-G)
fault—are depicted in the pictures below:
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Types of Faults / Invisible Dangers

One of the most frequent defects is a single line-to-ground (LG) problem, which accounts for
70-80% of all faults in the electrical system. This creates a path for a short circuit between
the line and the earth. When compared to other defects, these are much less serious.

When a live conductor comes into contact with another live conductor, a line-to-line fault
occurs. This problem, which could be caused by overhead wires swinging into one another,
is primarily caused by strong winds. These defects are less serious, and their frequency
may range from 15% to 20%.

Two lines make contact with both the ground and each other in double line-to-ground faults.
Compared to all system defects combined, the frequency of these severe faults is roughly
10%.

An unsymmetrical component analysis is used to examine symmetrical faults and determine
the voltages and currents present througheout the entire system. In comparison to
symmetrical faults, the study of these faults is more challenging.

To choose the right size circuit breaker for the maximum short circuit current, this study is
required. L-G or L-L faults typically provide a higher current.

22
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Types of Faults / Invisible Dangers

Protection devices against faults

When a failure develops in any section of the system, it must be fixed quickly to prevent
further harm to workers and equipment as well as a disruption in the supply of electricity to
the consumers.

Relays and circuit breakers are just a couple of the protection tools the fault-clearing
system uses to find and fix faults.

The following list includes some of these fault-clearing or fault-limiting devices:

@ Circuit Breaker

Under normal working circumstances, it is the most
prevalent protection device that can manually or
remotely close or open the circuit.

Depending on the working voltage, a variety of
circuit breakers are available, including air brake,
oil, and vacuum,

;{f' Protective Relays % Lighting Arrestor
These devices that look for faults. To isolate the Power system network surges brought on by
problematic circuit, relays the fault and start the lightning strikes to equipment and transmission
circuit breaker’s function. Contacts and a magnetic lines result in high voltage and currents. By
coil make up a relay (NC and NO). The contacts are installing lighting arrestors at transmission

activated as a result of the fault current energising equipment, these lighting risks are minimised.
the coil and creating the field. Some of the types of
protective relays include:

*  Magnitude relays
* Impedance relays
»  Directional relays
*  Pilot relays

« Differential relays

23
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Hazards with electricity

The majority of individuals only consider the obvious risks associated with electricity, such
as inadvertent shocks caused by a broken switch or equipment. What about the unnoticed
risks, though? Using electricity carelessly can be dangerous. If you don't take measures,
there is a very real possibility of accidents, fires, burns, and electrocution.

In general, homeowners, as end-users, do not have the professional know-how to make sure

everything at home is safe and properly wired or installed. Electricians with the technical
expertise and qualifications are those who can offer the right solution and advice to help
keep households safe and lower their risk of getting hurt.

Here we examine some of electricity's hidden dangers and provide safety reminders that
homeowners may expect from an electrician.

10 hidden hazards with electricity you may not have been paying attention to:

Damaged cords and appliances
Poor wiring 5
Not using Residual Current Circui
Breakers (RCCBSs) 5
Bending or coiling wires
Poor electrical equipment and
appliance quality \
Extension cords without a rocklng. v
feature
Flooding live electricity. area wrtl**
water

. Faulty batteries

. Storing flammable materials in
electrified areas

Life is On | Schneider Electric

24



Types of Faults / Invisible Dangers
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Tips to cugtail these hazards

Turn off the electricity

Turning off the power is the first and most crucial step in preventing any further harm
brought on by electricity. Make sure to cut off the power before working on electrical
equipment, such as installing a new light or unplugging and replacing a malfunctioning
device. Since electricity flows through every component of the system, you must ensure that
the power is entirely shut off.

Many homes are equipped with a fuse box. The fuse that controls the circuit you're working
on can be shut out, to turn off the power. Homeowners and households need to be aware of
how to shut off the main circuit breaker in their electrical panel. They should be educated to
call a licensed electrician right away if there is an electrical emergency. A non-professional
should not try to fix it themselves because they can cause damage, worsen the condition, or
even put themselves in danger.

Check home’s wiring and outlets

To ensure a home's wiring is secure and in good working order it is important to have it
inspected regularly. Homeowners should be reminded to have their home’s wiring looked
out as soon as possible if they live in a home that is more than a few years old or if they
have observed that it is not in good shape. It is crucial for households to contact a licensed
electrician to inspect the wiring in their home.

The wiring needs to be changed as soon as possible if it is damaged in any way. Likewise
with outlets, which might cause shocks and fires if they are too loose. Not taking action on
this can be dangerous, causing electric shocks or even starting a fire.

25
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Keep cords and appliances in good condition

Conditions of cords and appliances are one of the most frequent causes of
electricity-related accidents. Even if the electricity is off, worn or frayed cords are
hazardous. A frayed or damaged cord may overheat and catch fire. Make sure homeowners
know how to maintain the condition of cords and replace them when they become
excessively worn.

Appliances follow the same rules. Appliances could start a fire, shock a person, or result in
other injuries if they aren't functioning properly. It's simple to get electrocuted by buying
inexpensive appliances and cutting corners.

Use a residual current circuit breaker (RCCB)

You can use RCCBs as tools to safeguard households from electrical fires and
electrocution. A circuit breaker panel has these, and they guard against electric shock by
cutting off the electricity if it goes into the ground.

To prevent shocks from defective wiring or appliances, these devices are advised for use in
locations with water, such as kitchens, bathrooms, garages, and outdoor spaces.

Don’t bend or coil wires

Itis strictly forbidden in the world of electrical safety to bend or coil your wires. It
overstresses the wires and causes them to fray, potentially leading to electrical fires. Ensure
homeowners are aware that wires are attached without being bent or coiled, and they are
kept away from moisture and other potential hazards. Furthermore, they should be kept a
foot away from anything flammable.

Use quality wiring and equipment

The quality of wiring and equipment can affect how probabile it is that they'll cause an
electrical fire. Equipment that has received approval from local regulators or certification
bodies is a sign of quality. The wiring in homes is to blame for a large number of the risks
associated with electricity. Fires, electric shocks, and electrocution can all result from poor
wiring. Poor wiring can include peeled-off wires, too many extension cords, hot outlets, or the
wrong outlets in wet areas, among others. Having an electrician examine the wiring ensures
safety as they are the people to engage with to replace any faulty wiring within a home.

Lock-in-place extension cords

Advise the use of lock-in-place extension cords. They have locking mechanism that
prevents the plug from being taken out of the socket. By doing this, inadvertent shocks may
be reduced. Moreover, be sure to advocate for the appropriate gauge extension cord for
plugged-in gadgets.

26
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Types of Faults / Invisible Dangers

Stay away from water when using electrical appliances

Although it ought to be obvious, this merits noting. Homeowners need to be educated about
the risk of electrocution when using electrical devices such as toasters, in a moist
environment. It is advisable to avoid using any electrical items near water.

Check cords and batteries

Homeowners should regularly inspect their wires and batteries to make sure they are in
good working order. Broken wires and batteries provide a risk of fire or electric shock. They
need to immediately replace the cords or batteries if they notice any cuts, nicks, or other
damage. Once a year, they should also change the batteries in carbon monoxide and
smoke detectors.

Keep flammable materials away from outlets

Another important tip is to keep anything flammable away from outlets, such as furniture,
curtains, and rugs. This is unsafe and can lead to fires. Homeowners should also keep
electrical appliances like computers and TVs away from combustible objects.

27
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Useful Safety Checklist

Electrical safety in the home

Sometimes, a lack of education and understanding of what to know and look
for can lead to damage and injury. Provide your clients with the following
electrical safety tips in order to avoid potential dangers around their homes
and properties.

(et a licensed electrician to do your wiring

It is of the utmost importance that all households know to call a licensed electrician if they
need electrical wiring or repairs, no matter how minor the job.

Look after appliance cords

Keep electrical appliances, their cords, and any extension leads away from water. Ensure
cords are in good condition — if they’re waorn or frayed, the appliance should not be used
until it's been repaired by a licensed electrician.

If the appliance is thrown away, make sure it can’t be used by someone else.

Only ever disconnect an appliance at the outlet by pulling the plug, not the cord. This
extends the life of your appliance.

Avoid piggy-back or ‘double adaptor connections
Overloading can occur if too many cords are connected to outlets designed for only one or
two plugs. Use power boards with in-built safety devices to avoid a power outlet overload.

29
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Useful Safety Checklist

Install safety switches

Have safety switches such as a Residual Current Circuit Breaker (RCCB) installed in the
consumer unit. As a general rule, electrical equipment should only be used when
connected to a safety switch.

Test safety switches

Testing every three months is a good rule of thumb. To do this, you just need to make sure
the home's safety switch is working by either pressing it or flicking it off, depending on the
type of safety switch in use.

If the switch turns off the power, then it's working correctly. Keep in mind, though, that using
safety switches doesn’'t mean you can be less careful when using electricity — they are no
substitute for proper electrical maintenance and safety practices.

Look out for overhead lines

Avoid coming into contact with overhead lines. If working near them, always keep a safe
distance — at least 6.4 meters for wires on poles and 10 meters for wires on towers. Keep
this in mind when installing antennas, picking fruit or pruning trees, and using a ladder or a
metal tape measure.

Look out for underground power lines

Know the location of any underground power lines before digging at your property. Check
with your local council or search for any national call lines you can use to check for the
presence of underground power lines.

Look out for water leaks

Water is a good conductor of electricity. If water leaks into the light or power circuits in a
home, a fault may occur, which could result in a fire or someone experiencing an electric
shock. As soon as a water leak is detected, it should be repaired by a licensed plumber.
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