Electrical Power Generation

In general, energy can be defined as anything that has "the potential for causing
changes". The most common definition of energy is the work that a certain force
(gravitational, electromagnetic) can do. Energy is conserved, meaning that it cannot
be created or destroyed, but only converted from one form into another; for instance,
a battery converts chemical energy into electrical energy.

The aim of this is guide is to guide users on how to transform and use electric energy
and electric power used for equipment and devices needed in the humanitarian
interventions, including; understand basic electric concepts, knowing how to properly
size installations, and how to efficiently manage electrical installations.

Common Terms in Power Generation

AC Short for Alternating Current.
DC Short for Direct Current.
Electrons Small charged particles that exist as part of the molecular structure of materials.

Free electron

Conductors

Insulators

Voltage (U)

Current (I)

Resistance (R)

Circuit

Resistor

Overload

VRLA Battery

Absorption voltage

Range

An electron that is easily separated from the nucleus of the atom to which it belongs.

Bodies that possess free electrons (metals, for example, but also the human body and the earth).

Bodies that do not possess free electrons (e.g., glass, plastic and wood).

The difference in charge between two points.

The rate at which charge is flowing.

A material's tendency to resist the flow of charge (current).

A closed loop that allows charge to move from one place to another.

Any material that allows electrical energy to be converted to thermal energy.

Additional power available for a short amount of time.

Short for Valve Regulated Lead Acid Battery.

The level of charge that can be applied without overheating the battery.



Float voltage Range The voltage at which a battery is maintained after being fully charged.

Distribution Panel This is a circuit breaker and contains many electrical circuits. Using this, a circuit can be turned on or off.

Circuit Breakers and These protect wires from overheating and are found in the distribution panel box. When there is an overload,
Fuses that is, too much current flowing, the fuses will blow or the circuit breakers will trip.

Switches can energise circuits, that is, they allow a current to flow through. If carelessly used, these can cause
damage to a person and to equipment. Receptacles connect the appliances to a circuit.

Switches

Grounding/earthing connecting metal parts of electric appliances to earth.

(W) Short for Watt, the Power unit measure.
(Wh) Short for Watt-hour, the Energy unit measure

(v) Short for Volts, the Voltage unit measure

(A) A Short for Ampere, the Electrical Current unit measure

Comparison of UK-US Terminology

For the purpose of this guide US terminology is more frequently used.

UK us
2-way lighting, switch Switch 3-way lighting, switch
Cooker Range
Distribution board Distribution panel, breaker panel
Earth, earthing Ground, grounding
Fitting Fixture
Residual current device (RCD) Ground fault circuit interrupter (GFCI)
Skirting board Baseboard
Strapper Traveler

Electrical Basics



An electric current is a flow of electric charge in a circuit - the flow of free electrons
between two points in a conductor. These free electrons in motion is what constitutes
electrical energy. Electricity production consists of forcing electrons to move together
in a conducting material by creating an electron deficit on one side of the conductor,
and a surplus on the other.

The device that produces this imbalance is called a generator. The terminal on the
surplus side is marked +, that on the deficit side -.

When a load is connected to the generator’s terminals, the generator pushes
electrons: it absorbs the positive charged particles and sends back the negatively
charged particles. In a circuit, the electrons circulate from the - terminal to the +
terminal.

To be able to use electrical equipment properly and safely it is important to
understand electricity works. It is vital to understand the three basic building blocks
required to manipulate and utilise electricity - voltage, current, and resistance - and
how the three relate to each other.

Electrical Charge

Electricity is the movement of electrons. Electrons create charge, which are harnessed
to produce power. Any electrical appliance - a light-bulb, a phone, a refrigerator - are
all harnessing the movement of the electrons to work. The three basic principles for
this guide can be explained using electrons, or more specifically, the charge they
Create:

e Voltage - The difference in charge between two points.
e Current (Ampere) - The rate at which any given charge is flowing.
e Resistance - A material’s tendency to resist the flow of charge (current).

These values describe the movement of charge, and thus, the behaviour of electrons.

A circuit is a closed loop that allows charge to move from one place to another.
Components in the circuit allows to control this charge and use it to do work.

Electric Measurements

e Power - The energy consumed by the load.
e Energy - The amount of electricity consumed or produced during a given period
of time.



Electric Potential Difference (Voltage)

Voltage (U) is defined as the amount of potential energy between two points on a
circuit. This difference in charge between the + and - poles in a generator is measured
in volts and is represented with the letter “V". Sometimes voltage can be called
“electric pressure,” an appropriate analogy because the force provided by electric
potential difference to electrons passing through a conductive material can be
compared to water pressure as water moves through a pipe; the higher the volts, the
greater the “water pressure”.

The available energy of the free electrons in motion is what constitutes electrical
energy. Electricity production consists of forcing the electrons to move together
through a conducting material by creating an electron deficit on one side of the
conductor, and a surplus on the other. The terminal on the surplus side is marked (+),
that on the deficit side (-).

Voltage is determined by the distribution network. For example, 220 V between the
terminals of most electrical outlets, or 1.5V between the terminals of a battery.

Electrical Current

An Electrical Current (l) is the flow of free electrons between two points in a conductor.
As electrons move, an amount of charge moves with them; this is called current. The
number of electrons that are able to move through a given substance is governed by
the physical properties of the substance itself conducting the electricity - some
materials allow current to move better than others. Electrical current (l) is expressed
and measured in Amperes (A) as a base unit of electrical current. Typically, when
working with electrical equipment or installations, current is usually referred to in
amperes. If volts (V) can be compared to the water pressure of water passing through
a pipe, amperes (A) can be compared to the overall volume of water capable of flowing
through the pipe at any given moment.

The motion of the free electrons is normally random, resulting no overall movement of
charge. If a force acts on the electrons to move them in a particular direction, then
they will all drift in the same direction.

Diagram: Free electrons in a conductive material with and without current
applied.

No Potential Difference Applied Potential Difference
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Free Electrons
Free Electrons

When a light bulb is connected to a generator, a certain quantity of electrons passe

s through the wires (filament) of the bulb. This electron flow corresponds to the current
(I), and measured in amperes (A).

Current is a function of: The power (P), The voltage (V), and the resistance (R).

l=U/R

Resistance

Sometimes electrons are held within their respective molecular structures while other
times they are able to move around relatively freely. The resistance of an object is the
tendency of this object to oppose to the flow of electric current. In terms of electricity,
the resistance of a conductive material is a measure how the device or material
reduces the electric current flowing through it. Every material has some degree of
resistance; it can be very low - such as copper (1-2 ohm per 1 meter) - or very high -
such as wood (10000000 ohm per 1 meter). As an analogy to water flowing through a
pipe, resistance is bigger when the pipe is narrower, decreasing the flow of water.

In two circuits with equal voltages and different resistances, the circuit with the higher
resistance will allow less charge to flow, meaning the circuit with higher resistance has
less current flowing through it.

Less Resistance More Resistance
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The Resistance (R) is expressed in ohms. Ohm defines the unit of resistance of “1
ohm” as the resistance between two points in a conductor where the application of 1
volt will push 1 ampere. This value is usually represented in schematics with the Greek
letter “Q"”, which is called omega, and pronounced “ohm”.

For a given voltage, the current is proportional to the resistance. This proportionality,
expressed as a mathematical relationship, is known as Ohm’s Law:

U=IxR

Voltage = Current x Resistance

For a constant voltage, increasing the resistance will reduce the current. Conversely,
the current will increase if the resistance is lowered. At constant resistance, if the
voltage increases, so will the current. Ohm’s Law is valid only for pure resistance, i.e.,
for devices that convert electrical energy into purely thermal energy. With motors, for
example, this isn’t the case.

Electrical devices may have purpose-built resistors which limit the current that flows
through a component, so that component is not damaged.

Resistance determined by load. For example, wire conductors with a larger cross
section offer less resistance to current flow, resulting in a smaller voltage loss.
Inversely, resistance is directly proportional to the length of the wire. To minimise
voltage loss, a current needs the shortest possible wire with a large cross-section. (see
cabling section) Note also that the kind of wire (copper, iron, etc.) also affects a cable’s
resistance.

When the resistance in an electrical circuit is near zero, the current may become
extremely large, sometimes resulting in what is called a “short-circuit.” A short-circuit
will cause an overcurrent within the electrical circuit, and can cause damage to the
circuit or device.
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Power

Electric power (P) is the amount of work done by an electric current in a unit of time. It
represents the amount of energy consumed by a device connected to the circuit. It is
calculated by multiplying the voltage by the current, and is expressed in Watts (W).

P=UXI

Power = Voltage x Current

The more powerful the load, the more current it draws. This calculation is useful when
analysing power needs.

Power Vs. Energy

Watt
POWER * WWatls D

o Kilowatts I

"like the flow rate of water"

Watt-hours
ENERGY * Cilowatt "like the water that ends up in the
. .
hours bucket"

Power is determined by the load.

A 40W light bulb plugged into a 220V outlet draws a current of 40/220 = 0.18A.
Example:
A 60W light bulb plugged into a 220V outlet draws a current of 60/220= 0.427A.

Energy Consumption
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Energy consumption is the amount of electricity produced or consumed during a given
period of time. This is calculated by multiplying the power of a device by the duration
of its use, expressed in hours, expressed in kilowatt-hours (kWh).

Example: A 60W light that's left on for 3 hours will consume 180Wh, or 0.18kWh.

This is the unit of consumption that adds up on the electric meter to determine any
electricity bill.

Electric energy is often confused with electric power, but they are two different things:

e Power measures capacity to deliver electricity
e Energy measures total electricity delivered

Electric energy is measured in Watt-hours (Wh), but most people are more familiar
with the measurement on their electric bills, kilowatt-hours (1 kWh = 1,000-watt-
hours). Electric utilities work at a larger scale and will commonly use megawatt-hours
(1 MWh = 1,000 kWh).

Effects

Depending on the nature of the elements through which it passes, electric current can
have several physical effects:

Effect Description Application Examples

Thermal  When a current pass through a material with electrical resistivity,

Lighting, electric heating.
Effect electrical energy is converted into thermal (heat) energy. *H9 K K

 When a current is passed between two electrodes in an ionic solution,

it causes an exchange of electrons, and thus matter, between the e Current creates chemical reaction:
Chemical two electrodes. This is electrolysis: the current caused a chemical metal refining, electroplating.
Effect reaction. e Chemical reaction creates current:
e The effect can be reversed: by performing electrolysis in a container, batteries, storage cells.

a chemical reaction can create electrical current.

e Current produces a magnetic field:

o Electric current passing through a copper rod produces a magnetic electric motors, transformers,
Magnetic field. electromagnets.
Effect e The effect can be reversed: turning an electric motor mechanically e Magnetic field produces current:
produces current. electric generators, bicycle
dynamos.
Photovoltaic e« When light or other radiant energy strikes two dissimilar materials in

) e Solar cell to produce electricity.
Effect close contact produce an electrical voltage.

Adapted from MSF



Electrical Installations and Circuits

Types of Current

Current delivering electricity to any device can come in two forms:

1. Direct Current (DC)
2. Alternating Current (AC)

When connecting any device to any circuit, it is important to know which form of
current is being used.

There are devices that can convert current from one format to another, or from a
higher voltage current to a lower voltage current and vice versa are universally
referred to as “transformers.” Any time voltage or current type is transformed, there
will always be some energy loss, even if very small.

e A transformer that converts a higher voltage current to a lower voltage current is
called a “step down” transformer, and works by either converting high voltage
low current loads to low voltage high current loads, or by adding resistance
between two circuits to limit the voltage output, resulting in lower power being
received on the output side.

e A transformer that converts to a higher voltage is called a “step up” transformer,
and works by converting low voltage but high currents into high voltage but low
currents. A step up transformer does not add additional electrical power to the
circuit, it only increases overall voltage.

e A transformer that converts a current from DC to AC is called an inverter, and
physically induces an alternating current on the output side. Inverters typically
consume electrical power for the conversion process, and thus are less energy
efficient than other forms of transformers.

e A transformer that converts a current from an AC to DC can be called a "battery
charger" (for charging batteries) or a "power supply" (for direct powering of a
radio, etc.), depending on how the conversion process works.

Direct Current (DC)

The main characteristic of a Direct Current - or DC - is that the electrons within the
current always flow in the same direction, from the side with a deficit to the side with a
surplus. This is the kind of current supplied via the chemical effect by batteries, or via



the photovoltaic effect by solar panels. The terminals are marked + and - to show the
polarity of the circuit or generator. The voltage and current are constant in time.

+i

Current

Time

e Advantages: Batteries can supply DC directly and it is possible to add the
sources in parallel or series.

o Disadvantages: In reality, the use of the batteries limits the voltage to a few
volts (up to 24 volts in some vehicles). Those low voltages prevent the
transportation of this type of current.

Things That Use DC Current

.
.

Alternating Current (AC)

In alternating current - or AC - the electrons reverse direction at a given frequency. As
the current continually alternates there is no fixed + or -, but “phase” and “neutral”.
Voltage and current follow a sinusoidal curve. While voltage and current continually
vary between a maximum and minimum value, measurement masks this variation and
shows a stable average value—such as 220V.
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The frequency is defined as the number of sinusoidal oscillations per second:

e 50 oscillations per second in Europe (50Hz).
e 60 oscillations per second in the US (60Hz).

AC is the type of current supplied by electric utility companies because AC voltage can
be increased and decreased with a transformer. This allows the power to be
transported through power lines efficiently at high voltage and transformed to a lower,
safer, voltage for use in businesses and residences. Therefore, it is the form

of electrical energy that consumers typically use when they plug an appliance into

a wall socket.

e Advantages: Can be transported over long distances without too much loss
using high tension lines. It is easy to produce.

o Disadvantages: AC cannot be stored; it must be created. AC can also pose a
greater health hazard for living organisms that come into contact with it.

Things That Use AC Current
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There are two types of AC:

A single-phase current is the most common type of current, and thus is usually the configuration delivered by public networks,
but also by a single-phase generator. A single-phase AC is supplied via two lines (phase and neutral), usually with a 220 V
voltage difference between them. Plugs can be inserted in both ways.

Because the voltage of a single-phase system reaches a peak value twice in each cycle, the instantaneous power is not
constant and is mainly use for lighting and heating but cannot work with industrial motors.

A single-phase load may be powered from a three-phase distribution transformer allowing stand-along single-phase circuit to be
connected a three-phase motor, an allowing a three-phase motor to be connected to all three phases. This eliminates the need
of a separate single-phase transformer.

Single-
Phase

Phase

U = 220 volts

Neutre

If there is an increased need for power, then consistency and balance pay a key role. Three-phase circuit is the common current
configuration for electricity companies, and can also be produced with a three-phase generator. A three-phase current is the
combination of three single phase currents.

To carry a given power with 3 separate single-phase cables, 9 wires are needed. To carry the same power in a three-phase
cable, only 5 wires are required (3 phase, 1 neutral, 1 ground), which it is why there can be significant savings when properly
planning a three-phase current. Cost savings include saving on wires, cables, and also in apparatus using or producing
electricity. Three-phase motors or alternators will also be smaller than the single phase equivalents of the same power

production.
Phase 1
L L 4

e U = 220 volts U = 380 volts
'l Phase 2

U = 220 volts U = 380 volts
, Phase 3

U =220 volts

Neutre

Grouping Circuit Components

In every circuit there will be resistor(s) and generator(s), the numbers of which will the
depend of the power requisites. Both components can be grouped depending on the
what is required to keep constant, the current or the voltage. There are two basic ways
to groups components in series or in parallel. (additional information in connecting
batteries section)
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The basic idea of a “series” connection is that components are connected end-to-end in a line to form a
single path through which current can flow:

1. Current: The amount of current is the same through any component in a series circuit.

2. Resistance: The total resistance of any series circuit is equal to the sum of the individual
resistances.

3. Voltage: The supply voltage in a series circuit is equal to the sum of the individual voltage drops.

Series «

The basic idea of a “parallel” connection is that all components are connected across each other’s leads. In

a purely parallel circuit, there are never more than two sets of electrically common points, no matter how

many components are connected. There are many paths for current flow, but only one voltage across all

components:

Parallel

1. Voltage: Voltage is equal across all components in a parallel circuit.

2. Current: The total circuit current is equal to the sum of the individual branch currents.

3. Resistance: Individual resistances diminish to equal a smaller total resistance rather than add to
make the total.

Cable Sizes and Wiring

What ties all the components together in an electrical system are the cables. Cables
supply the power from power sources for distribution to appliances, lights and
equipment. Unfortunately, the most common installation error is to under-size cables
relative to the load/s or from the recharge sources.

Proper installation is primarily a matter of sizing a cable to match its task, using the
correct tools to attach terminals, and providing adequate over-current protection with
fuses and circuit breakers. Cable sizing is fairly simple; it is a function of the length of
a cable measuring from the power source to the appliance, and the current
(amperage) that will flow through it.

The longer the cable, or the higher the amperage, the bigger the cable must be to
avoid unacceptable voltage losses. There should always be plenty of extra margin for
safety because an appliance may actually use more current than what it is rated for
because of heat, low voltage, extra load, or other factors. There’s never a performance
penalty if a cable is marginally oversized; there is always a performance penalty - and
possibly a safety hazard - if it’'s undersized.

The ground (negative) cable is as much a part of a circuit as the positive cable; it must
be sized the same. In general, each appliance should be supplied from the distribution
panel with its own positive and negative cables, although lighting circuits sometimes
use common supply and ground cables to feed a number of lights (in which case the
supply cables must be sized for the total load of all the lights). For 24v systems, the
cables size is half that of a 12v setup. Always read product recommendations, or check
with the supplier to know and understand exactly what size cable is required for the
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products.

To better plan and size cables, please reference the cable sizing table below:

Circuit Type DC Amps
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The above cable sizing table is used by running across the top row until the column
with the relevant amperage is found, and then moving down the left-hand column until
the row with the relevant distance is reached. Wire sizes are denoted by colour
coding.

Gauge:

A common way for referencing a cable size is its “gauge.” The American Wire Gauge
(AWG) is used as a standard method of denoting wire diameter, measuring the
diameter of the conductor - measured as only the bare wire with the insulation
removed. AWG is sometimes also known as Brown and Sharpe (B&S) Wire Gauge.

Below is a conversion chart from AWG/B&S to mmz2. This table gives the closest
equivalent size cross references between metric and American wire sizes. In Europe
and Australia, wire sizes are expressed in cross sectional area in mm?2.

Standard Unit
AWG 0000 000 00 1] 1 2 4 6 8 10 12 14 16
Diameter (mm) 11.68 10.40 9.27 8.25 7.35 6.54 5.19 4.11 3.26 2.59 2.05 1.63 1.29

Cross Section (mm2) 107.1 84.9 67.5 53.5 42.4 33.6 21.2 13.3 8.4 5.3 3.3 2.1 1.3

Colour Code @ @ @ ® ® @

A printable guide to sizing cables can be downloaded here.

Title

Guide - Cable Sizing Chart
File

4

—J

Colour Coding

While is possible to use the same cables for AC and DC circuits, it is advisable to use
different coloured cables between the two types of currents, both to increase handling
safety but also to make installation and repair work much faster. If existing appliances
or installations have colours, logistics managers may consider replacing or
standardising them by re-colour coding the wires with an external paint or marking in
a method that makes sense.


https://log.logcluster.org/sites/default/files/2022-09/Cable%20Sizing%20Chart_0.pdf
https://log.logcluster.org/sites/default/files/2022-09/Cable%20Sizing%20Chart.pdf

A general colour cod for AC looks like:

e Neutral: Blue.
e Phase: Brown or black.
e Ground: Green/yellow.

The neutral and the phase are the two connections for the electricity, the ground is for
safety.

Colour code for DC (direct current, battery):

+ = red or blue
- = black or brown

Many differing international standards apply however. Please reference the below
table for colour coding of different countries and regions around the world.

Standard Wire Colours for Flexible Cable

(e.g. Extension Cords, power cords and lamp cords)

Protective
Region or Countr Phases Neutral
9 y Earth/Ground
European Union (EU), Argentina, Australia, Q—':. '1_-1 _
South Africa #‘
Australia, New Zealand Qﬂ‘
L= —
Brazil i R
1 ﬂ;.____ (green) or

United States, Canada

(brass) (silver) Qiz‘

(green/yellow)

Standard Wire Colours for Fixed Cables

(e.g. In/On/Behind the wall wiring cables)



Region or

Phases Neutral Protective Earth/Ground
Country

Argentina = =3 == = =YY
’ ’

European Union a a &' i @
’ ’

and UK

Ukpriortomarch  IEED = =0 )
’

2004 ’
(formerly)

Any colours other than:
=D N feince 1980
or

i a (since 1980)
. I
—

Australia, New  Recommended for single-phase:
Zealand

Recommended for multi-phase:

i E a bare conductor, sleeved at

terminations (formerly)

’ ’
Brazil " s———

=V ¥

South Africa — e

bare conductor, sleeved at
terminations

India, Pakistan i S a i a



I:I'-__——f (green)
(120/208/240V) (brass) ’ ’ (120/208/240V) e
United States (Silver)
e bare conductor
(277/480V)
(277/480V) (ground or isolated ground)
(120/208/240V)
— = (green)
y y u—.———’
Il—'
(600/347V) (120/208/240V)
Canada
m m P bare conductor
(single-phase isolated systems) (600/347V) (isolated
m ll-—-'

(three phase isolated systems)

Important points to note when wiring:

e All circuits should be removed from the floor and be as high as possible with no
connections in or near water or damp areas.

¢ All cable lug connections should be securely crimped to the wire termination with
a band, and not soldered in place.

e Tinned cable - copper wire that has been coated with a thin layer of tin to prevent
corrosion - It is preferable to use where possible in a marine environment or near
salt water.

e Never tap into or splice existing circuits when installing new equipment; run a
properly sized new duplex cable (positive and negative cable in a common
sheath) from the distribution panel (or a source of power) to the appliance.

e It is recommended to label all cables at both ends, and to an updated wiring plan
to aid in future troubleshooting. Copies of the wiring plans can be even be stored
in locations such as the fuse box or distribution box so that future users can
reference them.

e Each circuit should have an independent ground cable, and all the ground cables
should eventually be tied back to a common ground point/busbar.

e Unless in a conduit, cables should be physically supported at least every 450mm.



e Although black is often used for DC negative, it is also used for the live wire in AC
circuits in the USA. That means there is potential for dangerous confusion. DC and
AC wiring should be kept separate; if they have to be run in the same bundle, one
or the other should be in a sheath to maintain separation and ensure safety.

Grounding and Protective Devices

Protective Devices

Protective devices for electrical circuits ensure that a high current cannot flow under

faulty conditions, protecting the installation and equipment and preventing injury and
harm to persons handling or in the near vicinity of equipment. Overcurrent protection
is assured through physically detaching the power supply in a circuit, which removes

fire hazards and risk of electrocution.

Protective devices might include:

Fuses.

Miniature Circuit Breakers (MCBs).

Residual Current Devices (RCDs).

Residual Current Breakers with Overcurrent (RCBOs).

All of the aforementioned devices protect users and equipment from faulty conditions
in an electrical circuit by isolating the electrical supply. Fuses and MCBs only isolate
the live feed; while RCDs and RCBOs isolate both the live and neutral feeds. It is
essential that the appropriate circuit protection is installed to ensure an electrical
installation is safe.

Fuses

A fuse is a very basic protection device used to protect the circuit from overcurrent. It
consists of a metal strip that liquefies when the flow of current through it surpasses a
pre-defined limit. Fuses are essential electrical devices, and there are different types

of fuses available based on specific voltage and current ratings, application, response
time, and breaking capacity.

The characteristics of fuses like time and current are selected to give sufficient
protection without unnecessary disruption.



Miniature Circuit Breaker (MCB)

An MCB is a modern alternative to fuses, and are usually centrally located in buildings
- usually called a “fuse box” or “breaker box”, or attached to specific equipment. They
are just like switches, turning off when an overload is detected in the circuit. The basic
function of a circuit breaker is to stop the flow of current once a fault has occurred.
The advantage of MCBs over fuses is that if they trip, they can be reset without having
to replace the whole MCB. MCBs can also be calibrated more precisely than fuses,
tripping at exact loads. Circuit breakers are available in different sizes from small
devices to large switch gears which are used to protect low current circuits as well as
high voltage circuits.

e

|
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Residual Current Device (RCD)

Residual Current Devices (or RCDs) are designed to detect and disconnect supply in
the event of a small current imbalance between the live and neutral wires at a pre-



defined value - typically 30mA. RCDs can detect when a live conductor touches an
earthed equipment case, or when a live conductor is cut through; this type of fault is
potentially dangerous and can result in electric shocks and fires.

An RCD does not give safety against a short circuit or overload in the circuit. It cannot
detect - for example - a human being accidentally touching both conductors at the
same time. An RCD cannot replace a fuse in function.

RCDs can be wired to protect a single or multiple circ