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Introduction

National Operational Guidance: Utilities and fuel has been developed to assist fire and rescue
services in identifying hazards and implementing control measures at operational incidents where
utility or fuel supplies might need to be managed or controlled.
The purpose of this supplementary information is to support a more in-depth understanding of
utilities and fuel. However, the information should be read in conjunction with National Operational
Guidance.
In developing this supplementary information, various sources have been used. These are
referenced for each topic, in some instances along with suggested further reading.
The information was correct at the time of publication; however, as technology advances, topics
may become out of date. If you have a particular need or interest in the topic, it is suggested that
you also consider other reputable sources of information.

Gas

Production and distribution

Information
Production and importation
Gas comes from offshore fields in the North and Irish Seas. It is also brought over from Ireland,
Belgium and the Netherlands via three interconnector pipes and imported in the form of liquefied
natural gas (LNG). A small amount is produced onshore, too. Gas producers, LNG importers and
interconnector operators bring the gas onshore to reception terminals and LNG importation
terminals.
Fracking
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Hydraulic fracturing, commonly known as fracking, is the process of injecting pressurised fluids into
drill holes in a bid to create cracks in the deep rock to access natural gas and petroleum. Once the
fracture is made in the rock, a solid material, such as sand, is used to keep it open.
The main hazard is uncontrolled release of hydrocarbon gas due to a failure in the well structure,
which may then reach a source of ignition, leading to a fire or explosion. Refer to the Health and
Safety Executive website for further information.
Transmission
The national grid is the sole owner and operator of the gas transmission infrastructure in the UK.
Gas producers supply gas to the National Transmission System (NTS) through reception terminals.
Gas from the importation terminals is injected into the NTS after quality checks. Also, gas that has
been held in storage can be reintroduced into the system. Compressor stations keep the gas
flowing through the system.
In the UK, gas leaves the NTS and enters the distribution networks at high pressure. It is
transported through a number of reducing pressure tiers until it is finally delivered to consumers.
Gas is owned by regional gas suppliers; however, the national grid is responsible for this gas while
it is being transported.
Distribution
Gas leaves the NTS at 49 points across the UK. An odour is added for safety and the gas is then
transported through the distribution networks for final delivery to consumers. The majority of the
UK's gas is distributed by:
National Grid Gas - North West, Midlands, East of England and North London
Northern Gas Networks - North East and North Yorkshire
SGN - Southern England, South East England and Scotland
Wales & West Utilities - Wales and the West Country
Refer to the National Grid website for a map showing the gas distribution network.
Supply
Whichever gas supplier they choose, gas is delivered to most consumers' premises through a pipe
belonging to the local distribution network. Distribution networks deliver gas to around 10.8 million
consumers.
Compressor stations
A compressor station (or pumping station) is a facility (or engine) that helps transport natural gas
from one location to another. Natural gas needs to be constantly pressurised at intervals of 40 to
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100 miles while being transported through a gas pipeline. A compressor station compresses the
natural gas (increasing its pressure), thereby providing energy to move the gas through the
pipeline.
Pipeline companies install compressor stations along a pipeline route. The size of the station and
the number of compressors (pumps) varies, based on:
Diameter of the pipe
Volume of gas to be moved
Terrain
Number of gas wells in the vicinity
Number of elevation changes
The basic components of a compressor station are turbines, motors and engines. Some of the
specialist equipment and terms found in them are:
Liquid separators - As the pipeline enters the compressor station the natural gas passes
through scrubbers, strainers or filter separators. These vessels are designed to remove any
free liquids or dirt particles from the gas before it enters the compressors. Although the
pipeline is carrying 'dry gas', some water and hydrocarbon liquids may condense out of the
gas stream as the gas cools and moves through the pipeline. Any liquids that may be
produced are collected and stored for sale or disposal. A piping system directs the gas from
the separators to the gas compressor for compression.
Prime movers - Three commonly used types of engines drive the compressors. They are
known as 'prime movers':
Turbine/centrifugal compressor - This type of compression unit uses a natural gas-fired
turbine to turn a centrifugal compressor. The centrifugal compressor is similar to a
large fan inside a case, which pumps the gas as the fan turns. A small portion of natural
gas from the pipeline is burned to power the turbine.
Electric motor/centrifugal compressor - In this type of compressor unit, the centrifugal
compressor is driven by a high-voltage electric motor. A highly reliable source of
electrical power must be available near the station.
Reciprocating engine/reciprocating compressor - These large piston engines resemble
automobile engines, but are much larger. Sometimes referred to as 'recips', these
engines are fuelled by natural gas from the pipeline. Reciprocating pistons, located in
cylinder cases on the side of the unit, compress the natural gas. The compressor
pistons and the power pistons are connected to a common crankshaft. The advantage
of reciprocating compressors is that the volume of gas pushed through the pipeline can
be adjusted incrementally to meet small changes in customer demand.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel and
National Operational Guidance: Industry)
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Electricity (high and low voltage)
High-pressure gas supplies
Flammable/explosive atmospheres
Chemicals
Noise
Confined space
References and further reading
www.energynetworks.org/info/faqs/who-is-my-network-operator.html
www2.nationalgrid.com/UK/Our-company/Gas/

Electricity

Basics

Information
Current
Electricity, when flowing along a wire (known as a conductor), is called a current; this is a measure
of the number of electrons passing a particular point in a conductor.
This rate of flow is measured in units called amperes (symbol A). Pressure must be provided to
cause the electrons to flow, and this pressure, which may be derived from a number of sources, is
called the applied voltage or electromotive force (EMF). This is measured in volts (symbol V); the
greater the applied voltage, the greater the current flowing.
An analogy can be drawn between electricity flowing in a circuit and water flowing through a pipe.
In hydraulics, the pipe offers a resistance to the flow of water and this resistance to the passage of
water is proportional to the diameter of the pipe.
Similarly with electricity, the conductor offers a resistance to the flow of electrons; the greater the
size (diameter) of the conductor, the lower the resistance. The resistance of a conductor is
measured in ohms (symbol R).
This content is only valid at the time of download - 8-01-2023 14:06
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There is a direct relationship between voltage, current and resistance. This fundamental principle is
known as Ohm's law, which states:
'The value of a current passing through a conductor is directly proportional to the potential difference
between the ends of the conductor, and inversely proportional to the resistance of the conductor'
The equation below shows the relationship between voltage, current and resistance:
potential difference (volt, V) = current (ampere, A) × resistance (ohm, Ω)
This can be expressed mathematically by the following equation:
V=IxR
Resistance
The resistance of a circuit, which is measured in ohms, depends on a number of factors, namely:
The length of a conductor - an increase in length results in an increase in resistance
The cross-sectional area of the conductor - the greater the cross-sectional area, the lower the
resistance
The conductivity of the material used - some materials are better conductors than others; for
example, silver is a better conductor than copper
Temperature - for most materials, the hotter the material, the greater the resistance
Conductors and insulators
Electricity is always trying to find a path to earth, that is, to escape from its conductor and reach the
ground or a conducting path that is connected to the ground.
Some materials offer such a high resistance to the flow of electricity and the current cannot force
its way along them; they are then said to act as insulators.
Other materials offer little resistance and are said to be good conductors; copper and aluminium
are two examples of good conductors and are therefore used extensively for electric cables.
Water is also a good conductor when impure, so a firefighter with wet clothing or holding wet hose
who touches a live conductor could form an electrical path to earth and receive a shock, which
could be fatal.
In most instances, the use of bare wire is impossible and the conductor must be continuously
insulated to prevent electrocution on contact.
Most insulated cable nowadays, however, is insulated either by an oil-impregnated paper or by PVC
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(polyvinyl chloride) or other plastics such as PCP (polychloroprene) or CSPE (chlorosulphonated
polyethylene). These plastics are extremely durable and, while not strictly non-flammable, will only
burn when a source of heat such as a naked flame is continuously applied.
A mineral powder (generally magnesium oxide) in a copper sheathing is also used as an insulating
medium for cables laid in hot places, such as near furnaces or boilers or in situations where circuit
integrity is vital, for example in alarm systems. These cables are known as MICS (mineral-insulated
copper-sheathed) or alternatively MICC (mineral-insulated copper-clad) cables, and are also used in
general situations where extra physical protection is required.
When conductors form overhead lines or switchboard connections, insulation is often neither
desirable nor appropriate. In such cases, arrangements must be made to stop the cables coming
into contact with their supporting structures and with each other. This is achieved by the use of
insulators, which are usually made of porcelain or glass.
Short circuits
While air and most other gases are good insulators, electric current can, if the insulation becomes
faulty, leak between two conductors or between one conductor and earth. The amount of current
leaking depends, among other things, on the voltage, the condition of the insulating material and
the distance between the conductors.
If a breakdown occurs in the insulation separating adjacent conductors or a conductor from the
earth, what is known as a short circuit takes place. That is, the current, instead of following its
normal path, finds a quicker return path. The electrical resistance in such cases is generally
negligible, resulting in a heavy current flow; this can cause intense local heating combined with
overloading of the cables. The cables may then become dangerously overheated unless the circuit
is broken.
Such a breakdown in the insulation may take place in many ways. Insulating material will
deteriorate with age or from other causes, and may reach a condition where its insulating
properties are insufficient to prevent a short circuit. The perishing of rubber is a good example of
this, and is one of the reasons PVC has superseded rubber as an insulating medium. Cables or
wiring may be subjected to mechanical stress through vibration caused by external influences,
while dampness is a frequent cause of the breakdown in insulating properties.
Alternatively, excessive heat through external causes, for example steam pipes or industrial
processes for which the system has not been designed, will also lead to rapid deterioration.
Furthermore, insulation is often destroyed by nails driven into walls and penetrating the wiring,
tools striking cable runs, abrasion or rodents.
If a breakdown of insulation occurs, excessive current will probably flow through the fault, and if
the fuse or circuit breaker fails to operate, overheating will result. For a fire to occur in such
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circumstances, it is only necessary that there should be combustible material in close proximity to
an overheated wire or a hot spark. Fire can readily be started through a short circuit whether or not
a cable is insulated.
Protective devices
When an electric current passes along a conductor it generates heat. If the maximum current the
conductor is designed to carry is exceeded, either because of excessive load placed on the circuit or
because of a short circuit, overheating will occur and the conductor may become hot enough to
ignite the combustible insulation with which it is covered. To prevent this, an electric circuit is fitted
with a fuse or circuit breaker to break the circuit in the event of an overload.
Fuses
In its most basic form, a fuse is a short length of wire that has a low melting point and forms part of
a circuit. The size of the fuse wire is calculated for the normal expected load. If that load is greatly
exceeded, the passage of the extra current causes the temperature to rise and the fuse wire to
melt, breaking the circuit. Because the fuse melts at a much lower temperature than that which
would result in a dangerous temperature rise in the rest of the circuit, the fuse acts as the weak link
in a chain.
Circuit breakers
In the modern consumer unit, fuses may be replaced by miniature circuit breakers (MCBs), which
look like an ordinary switch or a push button. They automatically interrupt the circuit if it becomes
overloaded or if a fault occurs.
Once the cause of the fault or overload has been identified and connected, the MCB can be
reclosed and the circuit brought back into service.
In installations of greater power, the use of fuses and MCBs is impracticable for technical reasons,
and automatic circuit breakers, which operate when the current rises to a dangerous level, are
installed. Such circuit breakers are designed to operate automatically if a fault occurs. They can be
opened manually if necessary, for example to test the mechanism. They are often closed, manually
or automatically, if they open due to a fault, to ascertain whether the overload was of a momentary
nature only.
Furthermore, the circuit breaker may be closed automatically several times after a period of time to
test whether the fault has cleared. This is known as auto-reclosing and it should therefore never be
assumed that a circuit is dead, even when a circuit breaker has opened.
If a line has been accidentally brought down and is laying on the ground, it may not be making
sufficient contact with the ground to operate the circuit breaker.
This content is only valid at the time of download - 8-01-2023 14:06
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Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
Electricity (high-voltage and low-voltage)

Domestic power supply

Information
Domestic voltage in the UK was historically referred to as 240 volt alternating current (AC) but is
now supplied at 230V 50Hz. This is a single-phase earthed system.
Voltages of more than 50V AC with a current rating in excess of 5mA are considered dangerous.

Figure 1: A conventional domestic supply intake - diagram courtesy of London Fire Brigade
The power supply to domestic properties has two methods of isolating internal power circuits.
1. Main fuse (cut-out) - before the meter
2. Fuse unit and trip switches - after the meter
The main fuse belongs to the electricity supplier and is sealed to prevent tampering. Removal of
this fuse could be carried out by fire and rescue service personnel in extreme circumstances. Due
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to the possibility of small quantities of asbestos being present in older fuses, appropriate personal
protective equipment (PPE) and respiratory protective equipment (RPE) should be worn.
Fuse units (known as consumer units) will have a range of different fuses and trip switches
depending on the age of the property/wiring. Operating the main switch will disconnect the
installation from the electricity supplier's system, but it must be remembered that the incoming
supply from the distribution system will remain live.
Socket outlets for power supplies are normally connected to ring circuits, where the conductors are
looped and the circuit protective conductor loops are connected to the neutral and earth blocks
respectively. It is common for one ring circuit or main to serve one floor, with each subsequent
floor being served by a further circuit.
Ovens, immersion heaters and shower circuits are separately run and fused in the consumer unit.
Lighting circuits also operate on a loop system but they are more complex because a switch needs
to be provided at a point remote from the light fitting. Due to the complexity of internal wiring, no
wiring convention can be given as standard.
Although not permitted under current electrical regulations, electrical installations at domestic
properties could have been subject to enthusiastic DIY or deliberate alterations, which follow no
recognised wiring conventions.
Isolation of circuits can be achieved by isolating all circuits at the consumer unit. Depending on the
size of the property, there may be more than one consumer unit.
At some incidents, where the damage to the structure is particularly severe, utility services will need
to isolate the power supply at the cut-out fuse or further down the supply line.
Power supplies can be isolated quickly at the consumer unit once it has been located. You do not
need to be a trained electrician to undertake this function; however, caution should be exercised.
Most domestic premises will have the consumer unit in a conventional location, such as under the
stairs or in a garage.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
High risk of electrocution
Cable entanglement in the property
References and further reading
www.emfs.info/sources/substations/
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Electricity generation in the UK

Information
In the UK, electricity is generated in a number of different ways. It is important to have different
fuel sources and technologies to generate electricity so that supply is not overly reliant on one type
of power generation.
Each site should have its own Site-Specific Risk Information (SSRI) datasheet to identify specific
hazards, site layout plans, emergency procedures, fixed installations and firefighting
considerations.
The majority of sites will have permanently staffed control rooms, with competent personnel who
will have direct control over safety systems, CCTV, monitoring facilities, etc. The number of people
on site can be minimal, especially at night, and renewable energy sites, such as solar panel farms,
will most probably be unstaffed.
These facilities will be well managed, professionally run, and have extensive emergency action
plans. Utility companies provide ample signage warning of high voltages and relevant dangers.
The different types of energy and the amount of electricity these sites create are:
Fossil fuels
Most of the UK's electricity is produced by burning fossil fuels, mainly natural gas and also coal. A
very small amount is produced from oil. The volume of electricity generated by coal-fired and gasfired power stations changes each year, with some switching between the two depending on fuel
prices.
Nuclear
Some electricity comes from nuclear reactors, in which uranium atoms are split up to produce heat
using a process known as fission. The UK's original nuclear power stations are gradually being
decommissioned. Several companies have plans to build a new generation of reactors.
For further information refer to A Guide to Nuclear Regulation in the UK, published by the Office of
Nuclear Regulation.
Renewable energy
Renewable technologies use natural energy to make electricity. Fuel sources include wind, wave,
This content is only valid at the time of download - 8-01-2023 14:06
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marine, hydro, biomass and solar.
Imports
The UK electricity network is connected to systems in France and Ireland through cables called
interconnectors. The UK uses these to import or export electricity when it is most economical.
Electrical generating facilities
These facilities will all differ massively in construction, layout and associated hazards. They will all
produce electricity at high voltage in alternating current (AC) and have the facility to connect to the
national grid.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
Electrocution, which can occur without physical contact with equipment
Confined spaces
Chemical hazards
Noise
Working at height
Superheated steam
Explosive atmospheres due to gas supplies
Oil-filled switchgear, transformers, regulators and capacitors, which, once alight, will need to
be fully isolated before firefighting operations are commenced
Smoke and gases due to burning oil and insulating materials
Explosions from oil-filled equipment, both overhead and at ground level
References and further reading
https://www.energy-uk.org.uk/our-work/generation/electricity-generation.html
www.emfs.info/sources/substations/

High-voltage networks (national grid)

Information
The high-voltage networks are operated by:
National Grid - England and Wales
This content is only valid at the time of download - 8-01-2023 14:06

13 of 62

Scottish Power - Southern Scotland
Scottish Hydro - Northern Scotland and Scottish islands
Northern Ireland Electricity - Northern Ireland
The distribution network operators (DNOs) own and operate the distribution network of towers
and cables that bring electricity from the national transmission network to homes and businesses.
Refer to the National Grid website for a map showing the DNO locations, plus full contact details of
the operators.
Electricity is transferred from power stations/power-generating facilities to customers through the
wires and cables of the national grid. When a current flows through a wire, some energy is lost as
heat. The higher the current, the more heat is lost. To reduce these losses, the national grid
transmits electricity at low current, but to achieve this the supply is at a high voltage.
Power stations produce electricity at 25kV. Electricity is sent through the national grid network at
400kV, 275kV and 132kV.
Step-up transformers are used at power stations to produce the very high voltage needed to
transmit electricity through the national grid power lines. These high voltages are too dangerous to
use for home and businesses and therefore step-down transformers are used locally to reduce the
voltages to a safe level, resulting in a supply of:
Large industrial consumers - 33kV
Rail network - 25kV to 33kV
Small industrial consumers - 415V to 11kV
Residential and small commercial - 230V
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Figure 2: UK electricity distribution - diagram courtesy of London Fire Brigade
The national grid is made up of many components, each of which will be covered individually.
These facilities will be well managed, professionally run, have extensive emergency action plans
and provide ample signage to warn of high voltages and relevant dangers.
The Health and Safety Executive guidance note on Avoiding danger from overhead power lines
provides further information, such as types of overhead power lines and their heights.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
Electrocution, which can occur without physical contact with equipment
Confined spaces
Chemical hazard
Working at height
Superheated steam or water under high pressure
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Explosive atmospheres due to gas supplies
Oil-filled switchgear, transformers, regulators and capacitors, which, once alight, will need to
be fully isolated before firefighting operations are commenced
Smoke and gases due to burning oil and insulating materials
Explosions from oil-filled equipment, both overhead and at ground level
References and further reading
www.energy-uk.org.uk/energy-industry/electricity-generation.html
www.emfs.info/sources/substations/
www.energynetworks.org/info/faqs/who-is-my-network-operator.html
www.bbc.co.uk/search?filter=bitesize&q=electricity
http://www.hse.gov.uk/electricity/information/overhead.htm

Sealing end compounds

Information
Where a high-voltage underground cable joins an overhead line, the transition from one to the
other usually takes place at a 'sealing end compound'. The overhead line finishes on a terminal
tower. Downleads bring the conductors down to join the ends of the underground cables where
they come out of the ground.
There may also be some monitoring equipment, but usually no transformers or switchgear.
Lower-voltage lines could transfer from overhead to underground on the tower or pole itself,
without needing a separate compound. However, the space required at 275kV and 400kV to
maintain all the clearances usually precludes this.
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Figure 3: A terminal tower - photograph courtesy of Peter Martin
This equipment is easy to recognise due to construction and location. In addition, utility companies
provide ample signage warning of high voltages and relevant dangers.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
High risk of electrocution for anyone entering the perimeter of the compound
This content is only valid at the time of download - 8-01-2023 14:06
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Collapsed steel framework caused by the intense heat of a fire
Exploding glass and porcelain insulators, throwing fragments with considerable force
References and further reading
www.emfs.info/sources/substations/

Substations

Information
A substation is a part of an electrical generation, transmission and distribution system.
Substations transform voltage from high to low, or the reverse, and perform any of several other
important functions. Between the generating station and consumer, electric power may flow
through several substations at different voltage levels.
Substations may be owned and operated by an electricity supplier or may be owned by a large
industrial or commercial customer. Generally, substations are unattended, relying on remote
supervision and control.
A substation may include transformers to change voltage levels between high transmission
voltages and lower distribution voltages, or at the interconnection of two different transmission
voltages.
High-voltage network substations
A high-voltage network substation is a large installation where 275kV and 400kV overhead power
lines or underground cables are switched and where electricity is transformed to 132kV for
distribution to surrounding areas. Each substation can be 100 metres or more across and
surrounded by a metal fence; a few are indoors in suitably large buildings.
Intermediate substations
These substations transform electricity between 132kV, 33kV and 11kV. They are smaller than highvoltage network substations but bigger than the final distribution substations that transform the
electricity from 11kV to the 400V or 230V supplying homes and workplaces.
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Final distribution substations
These transform the electricity from (usually) 11kV to the voltage used in the home, 230V. There are
several different types:
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Indoor - in a small building, which may
look like a garage, or as part of a larger
building. They may be identified by the
safety sign on the door.

Cabinet - built into a fully enclosed
cabinet
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Outdoors - the separate components are
mounted on the ground and enclosed by
brick walls or metal/wooden fences

Pole-mounted - the transformer is raised
above ground on a wooden pole

These are easy to recognise due to their construction and location. In addition, utility companies
provide ample signage warning of high voltages and relevant dangers.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
High risk of electrocution for anyone entering the perimeter of the substation
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Electrocution, which can occur without physical contact with equipment
High-voltage lines entering the substation, both overhead and underground
Open high-voltage busways or buswork (conductors, wire and aluminium pipe) criss-crossing
the station at a relatively low height
Oil-filled switchgear, transformers, regulators and capacitors, which, once alight, will need to
be fully isolated before firefighting operations are commenced
Smoke and gases due to burning oil and insulating materials
Collapsed steel framework and aluminium buswork caused by the intense heat of a fire
Explosions from oil-filled equipment, both overhead and at ground level
Exploding glass and porcelain insulators, throwing fragments with considerable force
References and further reading
www.emfs.info/sources/substations/

The difference between a single-phase and a
three-phase power system
Single-phase electricity
Single-phase is the most common system and is mainly used in homes, while a three-phase system
is common in industrial or commercial buildings, where heavy loads of power are required.
Single-phase systems use alternating current (AC) electric power in which the voltage and current
flow changes in magnitude and direction in a cyclical fashion, typically 50 to 60 times per second. In
the UK, single-phase voltage is 230 volts.
In electrical engineering, single-phase electric power refers to distribution using a system in which
all the voltages of the supply vary in unison.
In simple terms, single-phase electricity can be viewed very much like a single-person canoe. The
paddle enters the water to deliver power and then leaves the water before the second paddle reenters the water to deliver more power, resulting in a variation of power.
At times there will be zero output of power and in the cycle there will be two peak power outputs,
see diagram below.
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Figure 9: Single-phase power graph
Single-phase distribution is used when loads are mostly lighting and heating, with few large electric
motors. A single-phase supply connected to an alternating current electric motor does not produce
a revolving magnetic field; single-phase motors need additional circuits for starting, and such
motors are uncommon above 10kW or 20kW in rating.
Special single-phase traction power networks may operate at 16.67Hz or other frequencies to
power electric railways.
Three-phase electricity
In simple terms, three-phase electricity can be viewed as three single-phase electricity supplies that
supply their peak power 120° apart.
As an analogy, consider a canoe with three canoeists, paddling the canoe in rotation. Unlike with a
single canoeist, there is always a power output and never a zero output, which makes this power
supply more suitable for industrial motors and equipment.

This content is only valid at the time of download - 8-01-2023 14:06

23 of 62

Figure 10: Three-phase power graph

Three-phase high-voltage systems

Information
Large industrial or commercial
Where the demand for power is high, electricity companies may supply power at high voltage
(typically 11kV) to a substation on the consumer's premises. For a medium-size consumer, a
transformer may be installed at this point to supply a normal three-phase low-voltage installation,
that is a three-phase four-wire busbar with separate sub-circuits connected to it.
Consumers may require a high-voltage supply at remote points on the premises. In this case, the
electricity company will install a high-voltage meter circuit breaker and connect this to the
consumer's high-voltage busbar.
The consumer installs their own high-voltage switchgear to control each high-voltage substation.
Transformer stations are connected to the ends of the sub-mains to give a three-phase low-voltage
system.
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Because the operation of high-voltage switchgear should only be carried out by properly trained
and competent personnel, the system will be provided with an emergency trip switch to isolate the
consumer's high-voltage system from the electricity company's distribution system.
The emergency trip switch for this type of system can differ depending on the size of installation.
This level of information should be recorded in the Site-Specific Risk Information gathered by fire
and rescue services on site visits prior to incidents.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
Electrocution (especially if there is water at the electrical intakes)
Damage to switchgear can make isolation difficult - this will require specialist assistance
References and further reading
http://www.hse.gov.uk/foi/internalops/ocs/400-499/oc482_2.htm

Three-phase low-voltage systems

Information
Industrial or commercial premises
The electrical demand of commercial and small industrial premises may be such that electricity
supplies will be provided through a three-phase supply.
The connection from the distribution system will be similar to a single-phase supply, but the size of
cable providing the electricity will be able to take a greater level of voltage and current. The system
will be provided with a cut-out, connected to the three-phase meter by single-core insulated and
sheet conductors.
Past the meter, the supply is fed through a three-phase main switch to a distribution fuse board. In
larger installations, the main switch may be connected to a busbar chamber, from which separate
single-phase circuits may be taken to distribution boards at remote parts of the premises.
Residential premises
Blocks of flats are often supplied by a single three-phase service cable, which terminates in a
multiway cut-out or fuse board.
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A number of separate fuses (not normally more than eight) are connected to each line conductor
and single-phase ring mains, which are taken to each flat. If each flat is provided with an individual
meter, there will be another cut-out or main fuse before the meter and consumer unit.
Alternatively, the meter will be located in a single meter position, adjacent to the service terminal
equipment, and the rising main will terminate in each consumer unit for each flat.
In larger complexes there will be more than one service cable. For example, the first three-phase
cable may terminate on the ground floor and the single-phase rising main will service the flats on
that floor and the few floors above. Another three-phase cable will terminate at higher levels in the
building to service flats on that level and the floors above, and so on. These supplies will have
passed through the main intake room or switchgear. Isolation of the whole building will be
achieved by locating the main intake switch room; alternatively, individual floors can be isolated.
It is imperative for fire and rescue service personnel to locate the main intake switch and the
meters for each floor or group of floors.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
Electrocution (especially if there is water at the electrical intakes)
Damage to switchgear can make isolation difficult - this will require specialist assistance
References and further reading
http://www.hse.gov.uk/foi/internalops/ocs/400-499/oc482_2.htm

Transmission towers (pylons) and wooden poles

Information
Transmission overhead lines at 400kV or 275kV are supported on large galvanised steel towers and
consist of uninsulated aluminium/steel or aluminium alloy stranded conductors. The conductors
are insulated from the tower by porcelain or glass insulators.
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Figure 11: Transmission tower - photograph courtesy of Peter Martin
Most towers carry two circuits, with the three phases of each circuit installed in a vertical form on
opposite sides of the tower. An additional conductor, which is an earth wire, connects the peaks of
the towers together. Depending on the power transfer of each circuit, the phases may have single,
twin or quadruple sub-conductors.
Each tower has a unique identification number, which is displayed on a notice mounted above an
anti-climbing guard, installed to prevent unauthorised access to the upper sections of the tower.
Each circuit has a unique circuit identification, which is a combination of colours or symbols; these
are displayed on the plates fixed at various points on the legs of the tower.
Wooden poles operate from low voltage through to 132kV (high voltage). Only high-voltage poles
are fitted with danger notices.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
High risk of electrocution
Working at height
References and further reading
www.energy-uk.org.uk/energy-industry/electricity-generation.html
www.emfs.info/sources/substations/

Renewable energy

Anaerobic digestion and biogas

Information
Anaerobic digestion (AD) uses the natural breakdown of biomass feedstock (for example, food
waste, animal slurries and energy crops) to produce renewable methane gas (biogas), which can
then be used to produce electricity and heat, or upgraded for vehicle fuel and injection to the gas
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grid.
Feedstocks usually have a high moisture content, making them more suited to the AD process and
may be stored on site in large tanks.

Figure 12: Anaerobic digestion process - diagram courtesy of London Fire Brigade
The largest component of an AD site is the digester, which is a large, well-insulated, airtight
container into which the feedstock is loaded and heated. Microorganisms are used to aid the
decomposition of the organic material at temperature of about 40 to 70oC. Mechanical agitators
are used in the tank to stir the organic material, further helping decomposition.
The decomposition of the feedstock in the digester releases biogas, which is predominantly
composed of methane and carbon dioxide. Biogas will exit the digester and probably enter a gas
storage tank. This gas can be combusted, producing heat on site in a generator to produce
electricity. This electricity will be fed into the national grid through a grid connection. Some of the
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contaminants in biogas, such as hydrogen sulphide and water, can cause maintenance issues with
downstream equipment, so they will need to be removed before biogas burning.
Alternatively, the gas may be piped to a processing unit, or 'biogas upgrader', where a series of
chemical processes are used to clean the biogas and separate out the methane and carbon dioxide.
These reactions are exothermic, giving off heat.
The resulting clean gas from this process is biomethane, which can be injected into the national gas
grid or compressed and transported for use as a gaseous transport fuel in vehicles.
A secondary product is also produced from the digester in the form of digestate, which is the
remaining organic material after decomposition. This can be stored on site, and may be separated
into a solid and liquid fraction, dried and used as a form of fertiliser or soil improver on farmland.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
Flammable atmospheres
Biohazards
Confined space entry
Asphyxia
Hypoxic atmospheres (low oxygen levels)
References and further reading
www.r-e-a.net/renewable-technologies

Biomass boilers

Information
Biomass boilers burn biomass fuel (most often wood) to create heat for domestic and commercial
properties.
There are various different types of boilers, which use differing forms of processed fuel including
wood logs, wood pellets and wood chips, miscanthus (an energy crop grass), straw, or other
biomass (waste wood, willow, linseed, bean, rape, straw, etc.). However, the general design of the
boilers, despite their fuel type, is fairly similar. This is a relatively new technology, resulting in safety
standards being high. Emergency stops and controls will be accessible in close proximity to the
apparatus.
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Biomass fuel is usually stored on site and automatically fed into a boiler system through a hopper
or feed system. The fuel is burnt in a combustion chamber in the boiler. Commonly, the
combustion chamber has an automatic ignition system. Sensors closely monitor the temperature in
the chamber, which can be adjusted through the supply of fuel and fan speeds, as well as shut off
completely. The heat produced is transferred to the heat exchanger in the boiler, which heats up
water to be pumped into the central heating system.
Some forms of biomass installations may include a buffer tank (also called a thermal store), which
is located between the boiler and the rest of the heating system. These are highly insulated water
tanks that act as heat stores and give instant hot water if demand is high. Some modern pellet
boilers may pump straight into underfloor heating or radiators, but log and chip boilers need buffer
tanks. Other forms of heat sources, such as solar thermal and heat pumps, may also be connected
to the buffer tank.
A secondary product of the combustion process is ash, which is collected in the bottom of the
biomass boiler system. Ash primarily consists of the non-combustible mineral constituents of the
fuel as oxides or salts. In some instances, ash is used as a fertiliser.
Biomass boilers in buildings will vary in size and will be located according to building requirements.
They range from domestic units to industrial-sized boilers supplying buildings such as schools or
office blocks.
Large-scale biomass boiler systems may be connected to a district heating system to provide heat
for a number of buildings. A pipeline to distribute the heat to neighbouring properties will connect
these buildings.
Biomass stoves are purpose-built closed metal containers in which biomass can be combusted to
create hot air to heat a room. The outer surface of these stoves gets very hot during operation. A
chimney extracts emissions from the combustion process. Fuel is commonly stored on site for such
stoves.
Both log and pellet stoves are available. Pellet stoves can operate automatically, with pellets loaded
into a storage space in the stove; from there, they are fed automatically and ignited electrically.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
Hot outer surfaces
Electricity supplies present
Hypoxic atmospheres (for example, wood storage facilities)
References and further reading
Information provided by the Renewable Energy Association (www.r-e-a.net/)
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Geothermal heat pumps

Information
Geothermal heat pumps absorb low-grade heat from a heat sink (an area where heat is plentiful)
and then compress and upgrade the heat before transporting it to another location, where it can
be used for space or water heating.
Low-grade heat can be found in many different heat sinks, including the air, ground and water.
While a different form of heat pump is required to collect heat from these different sink sources,
their general operational principles remain the same.
The heat pump system is typically installed on the outside of the building. An antifreeze mix
circulates through an array around the heat sink, absorbing heat which is fed into the heat pump
unit.
A heat exchanger and electric compressor in the pump are used to upgrade the heat, enabling it to
reach a temperature that warms up water, which will be fed into the building's central heating
system.
Heat pumps require significant electrical input to pump and compress the heat in the property, and
may have their own meter connection point. This is a relatively new technology with safety controls.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
Hot surfaces and liquids
Electricity supplies present
References and further reading
www.r-e-a.net/renewable-technologies/deep-geothermal

Hydropower

Information
There are three types of hydroelectric schemes:
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Impoundment, where a dam is built across a river, impounding a head of water behind it in a
reservoir, which can then be released through a turbine to generate electricity
Diversion (sometimes called run-of-river) facilities that channel a portion of a river through a
canal. They may not require the use of a dam and have a lower environmental impact. Given
a suitable location, a run-of-river hydroelectric scheme may be a practical and economic
project that could provide power for a single residence or community. Recent technological
advances in turbine efficiency mean that even locations with relatively small flows can
generate electricity efficiently.
Pumped storage facilities store energy when the demand for electricity is low, by pumping
water from a lower reservoir to an upper reservoir. During periods of high demand for
electricity, the water is released back through a turbine to the lower reservoir to generate
electricity.
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Figure 13: A hydro screw with protective guarding - photograph courtesy of Ian Moore
Hydropower is produced when the kinetic energy of flowing water is converted into electricity by a
turbine connected to an electricity generator. Hydropower can be exploited on a wide range of
different scales.
Large-scale is typically taken to mean more than 10MW of grid-connected generating capacity
and is usually associated with a dam and a storage reservoir. There are many large schemes
in Scotland, which were built during the 1950s. The potential for identifying new large-scale
schemes is now much more limited, not only because there are fewer commercially attractive
sites still available but also because of environmental constraints.
Small-scale schemes, of less than 10MW, now offer a greater opportunity for providing a reliable,
flexible and cost-competitive power source with low environmental impacts. These schemes are
making an increasing contribution towards new renewable energy installations in many regions of
the world, especially in rural or remote regions where conventional sources of power are less
readily available. Small-scale schemes can be associated with a dam and storage reservoir or can
be located in a moving stream which turns a small turbine creating renewable electricity. The
amount of energy produced from these systems depends on the flow rate of the river and the
volume of water in the river.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
Working on or near water
Whenever a turbine is moving it is generating electricity, and cables from the turbine to the
inverter will remain live
Working at height
References and further reading
www.r-e-a.net/renewable-technologies/hydro
www.british-hydro.org/

Microgeneration renewable energy technology

Information
Microscale renewable energy technologies are becoming more commonly installed or incorporated
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into buildings. These technologies include photovoltaics (PVs), solar thermal, micro wind turbines
and heat pumps.
In general, these systems transform energy from the sun, wind or geothermal sources and convert
it into a source of energy for the property in which they are installed, either as providing electricity,
power or for heating the property. Some systems will have isolation switches installed.
There are some common hazards associated with these systems because they are generally
installed on the external envelope of a building. They therefore pose a hazard for non-structural
collapse, which may in turn cause structural collapse.
Solar panel (photovoltaic) systems
Refer to Solar panel (photovoltaic) systems
Solar thermal
Another type of renewable energy technology can have the appearance of PV panels but operate
differently. Similar to PV systems, solar thermal systems are installed on the roofs of properties.
These convert energy from the sun into thermal energy for the property through a 'collector', which
can be a panel or tubular system. Unlike PV systems, solar thermal systems use the collected
energy to heat a transfer fluid, which in turn is stored and then used to heat the property. This heat
transfer fluid will contain antifreeze, can reach temperatures of about 200°C and have pressures of
up to 6 bar.
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Figure 14: Solar thermal system - photograph courtesy of Peter Martin
Micro wind turbines
These are small-scale wind turbines used to generate electricity. Turbines operate by the wind
rotating the turbine blades connected to a shaft that rotates in a generator.
Similar to PV systems, the electricity generated by wind turbines is DC, which is converted to AC by
an inverter.
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Wind turbines are installed with both a wind turbine controller, which can stop the blades turning
in high winds, and an isolation switch, which allows for safe maintenance or repair.
This equipment is easily identifiable as it will be located at a certain height above the roof. If the
blades are not rotating, no electricity is being generated.
Micro wind turbines can be used in off-grid applications, such as signposts or caravans.

Figure 15: Micro wind turbine
Microturbines
Microturbines can operate on natural gas, propane, landfill gas, biogas, diesel, aviation or kerosene
fuels. They can be installed individually or as multiple units functioning in parallel to produce
electricity independently from the grid.
Heat pumps
Heat pump systems work by extracting heat from the surrounding air, water or ground. These
systems are designed to heat a whole building and operate using the same principles as a
refrigerator. They require electricity to power the pump; however, the electricity required might be
generated by a small wind turbine or PV panel. There are three main types of heat pump; ground
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source, air source and water source. These systems do not have any known specific hazards.
Ground source heat pumps
Ground source heat pumps make use of the ground's constant temperature by converting and
transferring this heat into a house or building, usually through radiators or underfloor heating. To
extract heat, ground source heat pumps use pipes that are buried in the ground. A ground source
heat pump circulates a working fluid (usually a mixture of water and antifreeze) through a loop of
pipe (a ground loop) buried in the ground. Heat from the ground is absorbed into the fluid and
then passes through a heat exchanger into a heat pump.
Air source heat pumps
Air source heat pumps extract heat from the outside air, in a similar way that warm air from a
refrigerator is extracted to the outside. It can get heat from the air when the temperature is as low
as -15°C. Heat from the air is absorbed at low temperature into a working fluid. This fluid then
passes through a compressor, where its temperature is increased, and transfers its higher
temperature heat to the heating and hot water circuits of the premises. The heated air can be
circulated around a building through ducting. These systems are usually mounted on an external
wall close to the ground.
Water source heat pumps
Water source heat pumps use the energy in water to provide heat suitable for homes and other
buildings. The pump system takes heat from the water and transfers this heat to a gas. The gas is
passed into a condenser that returns it to a liquid state, a process that releases heat. This heat is
transferred to the heat distribution system in the home or building.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
General
Installations (e.g. panels, glass from the panels, solar tubes, micro wind turbines or blades
from turbines) may break and fall on personnel below
Installations may not be easily identifiable and may be hidden (flat roof)
It may not be evident whether a panel is PV or solar thermal; these are associated with
different hazards
Arrays for PV or solar thermal that stand proud from the roof may cause a channelling effect,
worsening a fire affecting the roof
Additional mechanical loading due to the weight of the installation, or additional wind loading
caused by the installation, may cause early collapse of the roof if it is affected by fire
Poorly installed systems that may obstruct or restrict use of roof windows as means of
escape, or may hinder firefighting operations
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Restricted access to isolation switches
General electric shock risk from PV systems, wind turbines and heat pumps; PV systems and
wind turbines generate direct current (DC) electricity
Solar thermal
Failure or breakage of the panel or tubes can result in hot fluid (more than 200°C) or steam
being released, which can cause scalds or burns; this fluid can be present at pressures up to 6
bar
Wind turbine blades
Risk of electric shock if blades are spinning and wiring is damaged
Heat pumps
General electrical safety applies
References and further reading
BRE knowledge sheets

Solar panel (photovoltaic) systems

Information
Photovoltaic (PV) panels (also called solar electric panels) convert energy from the sun into
electricity. For building applications, a number of PV panels are normally connected together, wired
in parallel, to form a PV array. Most panels are fitted to existing roofs or walls using an external
framework. There are also solar tiles that replicate the appearance of traditional roofing tiles or
slates. PV panels may also be ground-mounted.
PV panels are composed of a number of cells containing a photovoltaic material; this is usually
silicon, a semi-conducting material.
Photovoltaic panels generate electrical power by converting solar radiation into direct current (DC)
electricity, which is in turn converted to alternating current (AC) electricity by an inverter. A typical
domestic system would be rated at 2 to 4 kilowatts-peak (kWp), whereas commercial roof-mounted
systems can range from domestic size up to 1000kWp for very large roof areas.
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PV arrays can create DC at elevated voltages and it is not normally possible to completely isolate
the DC electrics between the PV array and the DC isolation switch. Additionally, PV modules are
current-limiting devices, meaning fuses are not likely to operate under short-circuit conditions. This
could mean a fault in the system goes undetected. This scenario can present electric shock risks,
although these can be minimised by good system design, product selection and installation
practices.
In the event of the AC supply to a building failing (for example, owing to a local power cut or a fire),
the inverters are designed to shut down automatically. However, the solar DC supply (from panels
to the DC isolator) will still be live during daylight. It may therefore still be necessary to manually
isolate the DC cables and components from the PV panels, which will otherwise remain live. For
most installations, the isolation switches for DC cables are situated in the roof void.
If a fire damages the DC cables from the PV array, for example, by burning off insulation, there will
be risk of electric shock from the exposed DC conductors.
PVs will work, to some extent, in any weather so long as there is daylight. They can still generate
some electricity on a cloudy day.
Concerns have been raised regarding the presence of heavy metals in some specific types of PV
cells, and whether such metals can be or are released during a fire. Therefore, while such risks are
considered to be low, as with any fire involving electronic elements, caution is needed in dealing
with fire-damaged components and residues because a variety of heavy metals and other toxins
may be present.
A variety of more specialised panels are designed to form part of the building covering, such as
building-integrated panels, solar tiles and glass facade components. These products are collectively
known as building-integrated PV (BIPV) and should be considered as a roof covering.
Inverters
Inverters are complex electrical units and are typically expected to last for 10 to 15 years. In
dwellings, they are typically located in attics but may be located in utility rooms or garages.
One of the most common locations of PV fires is in the connection points between components. It
is advised that all properties with PV systems should have a sign located near the supplier cut-off
point to notify anyone working at the property that there is a solar panel electrical system. In all
cases, this presents a potential electric shock hazard.
From the inverter, installations will be connected to the consumer fuse box, which is the primary
location for isolating a solar installation in case of a fault. Note that disconnection switches could
also be installed between the panels and the inverter, as well as between the inverter and the fuse
box. PV modules will continue generating after the inverter and property have been disconnected,
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so any cabling around and connected to the modules should be treated as live during daylight
hours.

Figure 16: Solar installation inverter - photograph courtesy of Peter Martin
From the fuse box, the electricity will either be used in the property or connected to a generation
electricity meter to feed the excess electricity either:
Back down the electricity supply line and into the national grid, or
Into energy storage units
Roof-mounted panels
In domestic properties and on large industrial buildings, solar panels can be installed on the roof.
They are typically mounted on south-facing roofs, but it is important to check all sides of the
property, as some may be located out of sight of the road. The roof is usually pitched and panels
are mounted at an angle to maximise exposure to the sun.
Panels are likely to be firmly fixed, although more advanced systems could include an automatic
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solar tracker, which adjusts the panel's tilt to an optimal angle. PV modules also come in a range of
shapes and sizes; while most are bolted on top of the roof, they can also be integrated into the roof
or designed to replace ordinary roofing tiles.

Figure 17: Roof-mounted solar panels - photograph courtesy of Peter Martin
Ground-mounted panels
PV panels can be mounted on the ground on metal frames. These are likely to be large commercial
solar projects with a large number of solar modules. It is again possible that such frames will have
solar tracker abilities to adjust the tilt of the panels, to optimise their exposure to solar radiation.
Such projects will have large-scale inverters and significant national grid connection points.
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Figure 18: Ground-mounted solar panels - photograph courtesy of Janet Guthrie
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
Electricity will be generated not only in direct sunlight but also in cloudy conditions
Moonlight will generate negligible current
Artificial scene lighting may be sufficiently bright to generate electricity
Risk of electric shock if cables are cut or damaged by fire
An accidental short may result in parts of a metal or steel-framed building becoming live
Panels may restrict access to the roof structure
Panels can create a cable hazard in roof voids
Panels can get hot from sunlight, with a risk of minor burns
The system will remain live between the panels and the inverter
Covering panels is no guarantee of power not being generated
Debris may fall below the arrays
Possible exposure to heavy metals
References and further reading
BRE's Fire safety and solar electric/photovoltaic systems webpage
BRE and RECC (2016) Batteries and Solar Power: Guidance for domestic and small commercial
consumers
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Waste-to-energy facilities

Information
The nature of these technologies means that they will be large industrial-size complexes with onsite personnel who will be able to offer advice and guidance should access to the site be required
to attend an operational incident.
Also refer to anaerobic digestion and biogas, another type of waste-to-energy process.
Incinerator
Incinerators combust a wide a variety of waste materials to produce heat and electricity. These are
typically large-scale facilities with grid-scale connections.
Such sites have sophisticated municipal waste systems, working with the local authority to collect,
sort and deliver material to the incinerator sites. Different sites may be designed to combust
alternative forms of waste, which has implications for the design of the combustion equipment and
processes required for cleaning the resulting gas emissions.
Waste collection vehicles discharge the waste into bunkers, where it is mechanically mixed to
encourage an even burn in the furnace. Water sprays and induction fans may also be used to
reduce the levels of dust and odour from the waste. From the bunker, a crane or automated feed
system is used to load a hopper, which feeds the waste into the furnace in a controlled manner.
In the incinerator furnace, waste is first dried and then combusted producing high temperatures of
around 1000°C, a 'hot flue gas'. This heat is transferred to a boiler, where water is turned to steam
to drive a turbine for electricity generation.
Waste-to-energy sites must also meet strict emission criteria; as such, the flue gas goes through an
extensive chemical cleaning system. This includes passing the smoke through lime scrubbers to
neutralise acids, and through carbon scrubbers to remove dioxins and heavy metals. The gas then
passes through a fine fabric filter to capture any remaining particles before being released through
a chimney. Collected particles from the fabric filter are stored in a silo before going to a special
waste disposal.
A by-product, called 'incinerator bottom ash' (IBA), is processed and recycled for use in
construction, once all ferrous metals have been removed.
Gasification and pyrolysis
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Gasification and pyrolysis turns biomass and residual waste into an energy resource by heating
them to a high temperature in the presence of little or no oxygen. This produces a synthesis gas
(syngas), which can be cleaned and upgraded to biomethane.
Sites may be designed to use different feedstocks from refuse-derived fuel, municipal waste or
waste wood. The nature of the feedstock will have a bearing on the design of the site and
associated fire risks.
In a typical process, the waste is loaded into an automated feeding system, which delivers the
waste into a gasification or pyrolysis chamber in a controlled manner.
The waste is heated to high temperatures in the chamber, with little or no oxygen present, to cause
thermochemical decomposition. The temperature required depends on the feedstock used;
however, gasification can require temperatures in excess of 700°C.
The syngas released is predominantly made up of carbon monoxide, hydrogen and carbon dioxide.
These gases are transferred to a processing site and taken through multiple refining stages to
separate and clean the gas, producing a number of by-products. This process also includes
upgrading the syngas to biomethane.
It is possible that the syngas from the gasification or pyrolysis process will be compressed and
stored before further refining.
Some products from the syngas include:
Biomethane - the primary product for gasification or pyrolysis processes, as it can be used to
generate electricity in a generator, injected into the national gas grid or compressed and
transported for use as a gaseous transport fuel
Pure hydrogen - collected for use as vehicle fuel or in fuel cells for electric power
Carbon dioxide - removed from the syngas and used for industrial processes
Heat given off from the process, which may be connected to a heat network
A secondary by-product of the gasification and pyrolysis stage is char, a solid waste product that
may be stored on site. Char can be recovered from the residue and used as a fuel, or the residue
passed to a gasifier and the char gasified.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
Hazards consistent with working at any large commercial processing site
References and further reading
www.r-e-a.net/renewable-technologies/energy-from-waste
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http://www.recycleforwales.org.uk/sites/files/recyclenow/9.2.3%20EfW%20Process%20Diagram%20
-%20English.pdf

Wind turbines

Information
There are various wind turbine models, with two main designs - horizontal axis wind turbines and
vertical axis turbines - both of which are installed on tall masts.
Turbines have a brake and gearbox mechanism behind the blades, which allow for greater control
of the system and for the generator to be shut down in case of a fault.
The control systems are electrical and computerised, with several automatic brake systems that are
able to shut down the generator in adverse conditions or if a fault occurs. It may be possible for this
to be carried out remotely by a monitoring station.
Large-scale wind farms will have multiple large turbines, all connected to the grid, and
comprehensive control mechanisms. They are also likely to have an on-site transformer, which is
required to increase the voltage of the generated electricity before being fed into the grid.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
Remote locations for access
Risk of collapse if damaged
Difficult to isolate and control without specialist advice or assistance
Whenever a turbine is moving it is generating electricity
Falling or 'planing' debris over large area
References and further reading
www.r-e-a.net/renewable-technologies/wind
Wind energy

Fuel
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Hydrogen fuel

Information
Supply
Broadly, there are two options for hydrogen supply - it can be delivered to the site or it can be
generated on site:
Delivered hydrogen - Hydrogen can be delivered in a liquefied form, by tanker truck, or as a
compressed gas in cylinders.
On-site generation - The two main options for generating hydrogen on site are reformation of
natural gas (a process of splitting methane into molecules of hydrogen and carbon dioxide)
and electrolysis of water (using electrical current to split water into hydrogen and oxygen).
Storage
If hydrogen is delivered as a liquid, a cryogenic storage vessel will be required on the site to
maintain the temperature in the liquid range. Hydrogen will be decanted from a tanker into the
storage vessel.
When hydrogen is delivered as a compressed gas, the storage vessel is usually dropped off at the
site by a truck and then replaced when empty. For large volumes of hydrogen, a tube trailer will be
delivered, which is a 40 foot trailer on which is mounted a bundle of pressurised tubes. For smaller
volumes, the hydrogen can be delivered in cylinders, which can be bundled together into packs of
varying numbers of cylinders, depending on the demand.
If hydrogen is generated on site, it will be transferred to a compressed storage vessel from the
reformer or electrolyser via a compressor. Liquefaction of hydrogen is an energy-intensive process
requiring large equipment and would only be considered at a location where very large quantities
of hydrogen were being produced.
Refuelling
The refueller delivers hydrogen to the vehicle's tank in a controlled manner and to the correct
pressure.
Hydrogen is dispensed to the vehicle through a flexible hose and nozzle connected to the vehicle's
tank, in a similar fashion to refilling with petrol or diesel.
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However, in addition to the dispenser, the refuelling system will comprise other components such
as a compressor and, potentially, additional storage tanks.
For small-scale hydrogen demands, the dispenser and other components may be packaged into a
single compact unit, sometimes referred to as a mobile refueller. These are units that can be
rapidly deployed at a site, requiring only a connection to a suitable hydrogen source. In some cases,
hydrogen storage can even be included in the unit to give a truly stand-alone and mobile refuelling
solution for low hydrogen demands.
The hydrogen dispenser is similar in appearance to a typical petrol or diesel dispenser, with a
nozzle at the end of a flexible hose that is connected to the vehicle's hydrogen tank.
The filling procedure involves transfer of gases at high pressure, which will be new for most drivers,
who will require some training. In the past, filling facilities have required operators to wear
protective clothing, but this is no longer necessary with newer designs.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel and
National Operational Guidance: Hazardous materials)
Hydrogen can be a dangerous substance if mishandled or if an accidental release of
hydrogen were to become ignited, although in this respect it is no different from all other
fuels in common use
A number of properties of hydrogen, which are distinct from those of hydrocarbon fuels,
require special consideration:
Mixtures of hydrogen in air are flammable over a wide range of compositions
The energy required to ignite a hydrogen/air mixture can be very low
Hydrogen burns with a flame that is invisible in daylight
Hydrogen is a small molecule that can leak easily
Hydrogen is often stored at high pressure, and if released and ignited burns with a
rapidly moving or jet flame
References and further reading
Hydrogen refuelling and storage infrastructure

Liquefied natural gas (LNG)

Information
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Liquefied natural gas (LNG) is natural gas that has been cryogenically cooled to its liquid state. It is
the same gas or methane that is piped throughout the UK for domestic use but, by cryogenically
cooling the gas to -162°C, its volume is reduced, making it easier to transport and store. It is
odourless, colourless, non-toxic and non-corrosive.
Refuelling
See BOC website for information on the use of LNG for heavy goods vehicles (HGV) and the
refuelling process.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel and
National Operational Guidance: Hazardous materials)
LNG is a cryogenic liquid; a leak will present a significant hazard to personnel and equipment
If LNG spills into water, or if water is applied to an LPG spill, the evaporation of gas increases,
which may result in a vapour cloud explosion
LNG is odourless and colourless
LNG creates a highly flammable/explosive atmosphere
Initially gas may be heavier than air; as heat is absorbed, it will start to rise
LNG is an asphyxiant
Potential BLEVE (boiling liquid expanding vapour explosion) risk
Refer to hazards listed on liquid petroleum gas (LPG) supplementary information sheet
References and further reading
www.boconline.co.uk/en/clean-technology/liquefied-natural-gas/lng-transport-fuel/index.html
http://news.bbc.co.uk/1/hi/wales/7881388.stm
http://grainlng.com/
www.netl.doe.gov/publications/proceedings/02/ngt/Quillen.pdf

Liquefied petroleum gas (LPG)

Information
LPG is widely used to describe two prominent members of a family of light hydrocarbons called
natural gas liquids (NGL): propane (C3H8) and butane (C4H10).
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The term 'liquefied gas' may seem a contradiction in terms because all things in nature are either a
liquid or a solid or a gas. Yet liquidity is the unique characteristic of LPG that makes it such a
popular and widely used fuel.
At normal temperature and pressure, LPG is gaseous. It changes to a liquid when subjected to
modest pressure or cooling. In liquid form, the tank pressure is about twice the pressure in a
normal truck tyre, which means it is very safe when properly handled.
LPG is a derivative of two large energy industries: processing natural gas liquids and refining crude
oil.
Propane and butane are chemically quite similar but the difference in their properties means that
they are particularly suited to specific uses.
Propane's lower boiling point suits outdoor storage and is primarily used for central heating,
cooking, as a transport fuel and in numerous commercial applications
Butane is used mainly in cylinders for portable applications, such as in mobile heaters in the
home and for leisure activities such as boats, caravans and barbecues. Butane can be used as
a propellant or refrigerant, or to fuel torches. Often, propane and butane will be mixed to get
the best energy yields and properties.
Production
Approximately 60% of LPG is recovered during the extraction of natural gas and oil from the earth,
and the remaining 40% is produced in refining crude oil. LPG is thus a naturally occurring byproduct. In the past, LPG was destroyed through venting or flaring (the burning off of unwanted
gas), wasting the full potential of this exceptional energy source.
Natural gas processing
When gas is drawn from the earth, it is a mixture of several gases and liquids. Commercial natural
gas is mainly composed of methane. However, it also contains ethane, propane and butane in
accordance with the specifications for natural gas in each country where it is distributed. Therefore,
before natural gas is marketed, some natural gas liquids (NGLs), including LPG (propane and
butane), are separated out, depending on the 'wetness' of the gas produced. NGLs represent 1 to
10% of the unprocessed gas stream.
Crude oil refining
In an oil refinery, LPGs are produced at various stages; at atmospheric distillation, reforming,
cracking and others. The LPG produced will be between 1 and 4% of crude oil processed. This yield
will depend on the type of crude oil, the degree of sophistication of the oil refinery, and the market
values of propane and butane compared to other oils products.
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Distribution of liquefied petroleum gas (LPG)
Step 1 - Production
The production of 'field-grade' LPG is the result of the treatment of NGLs. This treatment is
necessary to produce:
Oils that are suitable for transport to refineries
Natural gases that correspond with commercial specifications
Step 2 - Transportation
While crude oil is transported from the production sites to refineries by tankers or pipelines, LPG is
transported to storage terminals by large LPG carriers, pipelines or train.
Step 3 - Refining and storage
Butane and propane can also result from the oil refining processes. LPG storage terminals store
products that are imported in large quantities.
Step 4 - Transportation
The LPG is then delivered by train, road, coastal tanker or pipeline to cylinder filling sites and
intermediate-size storage areas.
Step 5 - Bottling and storage
Cylinders are filled with butane and propane at bottling sites. LPG is generally stored in pressurised
tanks (vessels or spheres) in intermediary storage centres. LPG can be stored in cylinders of up to
47kg, with quantities above 47kg being classified as bulk LPG
Step 6 - Distribution
LPG can be transported virtually anywhere, either in cylinders or bulk. Trucks transport butane and
propane cylinders from the bottling site to retailers, as well as to private and professional
customers. Meanwhile, small bulk trucks distribute LPG from the storage centres to various
consumers.
Step 7 - End users
LPG is easily available to end users through cylinder sales points such as commercial stores or
service stations close to their locations. Customers requiring larger volumes can purchase LPG in
bulk.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel and
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National Operational Guidance: Hazardous materials)
As LPG vapour is heavier than air, it will flow along the ground and into drains, etc., sinking to
low levels
In still air conditions, any accumulation of vapour will take some time to disperse; this means
that a flammable mixture might be ignited some distance from the point of leakage, with the
flame travelling back to that point
When LPG pressurised containers are heated, without adequate cooling, a BLEVE (boiling
liquid expanding vapour explosion) could occur; this is usually a result of an external fire
heating a vessel containing a flammable liquid
References and further reading
www.wlpga.org/about-lpg/safety/

Oil refineries

Information
An oil refinery may be considered a factory that converts crude oil into a range of useable products.
Within this environment, multiple processes will involve a large range of hazards; responding fire
and rescue service personnel will need to be aware of, and manage, them.
The site management teams and on-site fire teams will be critical in the safe management of any
incident, as these sites are complex in design and size and use processes that will need specialist
advisers.
Refining is the manufacture of petroleum products from crude oil. Refining involves two major
branches:
1. Separation processes
2. Conversion processes
For a diagram showing typical refinery processing units, refer to the UKPIA website.
There are many processes available to the refiner and the final processes chosen are determined
by the products required (both quantity and quality) and the crude oil available.
Refinery products
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The refining process produces a large range of petroleum products, for example:
Liquefied petroleum gas (LPG)
Propylene
Petrol (gasoline)
Jet fuel, aviation turbine fuel (ATF or AVTUR)
Diesel (gasoil)
Sulphur
It also produces a number of petroleum components, which can either be sold or processed in the
refinery.
Crude oil
Petroleum products are made from crude oil. There are many types of crude oil that come from
many different sources around the world. Selecting the right crude oil is a key part of the refining
process.
Distillation
The first stage of crude processing is known as distillation, or fractionation, and occurs in a column
known as a distillation column.
In this process, the crude oil, which is a mixture of many types of hydrocarbons, is boiled and
recondensed to separate the crude oil into components, based on a range of boiling points.
Components that are heavier are harder to boil and will collect in the lower part of the column.
Lighter components are easier to boil and will be collected in the upper part of the column.
Very heavy components, which cannot be boiled, will leave from the bottom of the column in a
stream known as residue, while very light components will leave from the top of the column. This
stream is known as liquefied petroleum gas (LPG).
Hydroprocessing
To meet environmental specifications, or to assist in further processing, some components then
undergo a process known as hydroprocessing. The objective of this process is to remove sulphur
from the component stream.
To assist in removing sulphur, this process will consume hydrogen. The sulphur removed is
converted into pure liquid sulphur and is sold to local industry for producing acid and fertiliser.
Reforming/platforming
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This process converts a low-value component called naphtha into a product known as reformate or
platformate. This reformate has a much higher octane number and is used for gasoline blending.
This is achieved using a catalyst that contains platinum.
Thermal cracking
To meet product demand, further refining processes have been introduced. Today, a modern
refinery, in addition to atmospheric and vacuum distillation, may also consist of secondary refining
processes such as cracking, which may be thermal or with a catalyst.
Thermal cracking is the oldest and, in principle, the simplest refinery conversion process. It is
carried out over a wide range of temperatures, between 450 to 750°C, and pressures from
atmospheric to 70 bar. The temperature and pressure depends on the type of feedstock and the
product requirement.
At these elevated temperatures, the large hydrocarbon molecules become unstable and
spontaneously break into smaller molecules
Catalytic cracking
This conversion process involves breaking up large hydrocarbon molecules into smaller molecules
using a combination of heat and catalytic action.
Long-residue catalytic cracking (LRCC) takes a heavy hydrocarbon stream, called long residue, and
converts it into a number of more valuable components and products, including:
LPG
Propylene
Fuel oil components
However, the main product from LRCC is a gasoline-blending component known as cat-cracked
gasoline (CCG). A by-product of this process is coke (carbon), which is burned to generate steam
and electricity.
Secondary treating
The refinery also has a number of smaller secondary processes. These are mainly involved with
further polishing components and products to remove sulphur and other impurities.
Blending
The final stage of the refining process is called blending. This is a crucial step where the various
hydrocarbon components manufactured in the refinery are mixed together to make the final
products sold by the refinery.
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The final blend recipes will depend on the quality of the available components and on the
customer's requirements, called specifications. All blended products are tested before they are sold
to ensure that they meet the customer's specifications.
Product distribution
Once the petroleum products are blended and tested, they can then be delivered to customers. The
main distribution channels following the refining process are:
Ship
Pipeline
Road tanker
Rail wagon
The importance of good on-site liaison prior to any incident, with detailed pre-planning, will be key
to the successful resolution of an incident. Sites will be run and managed by highly experienced
personnel.
Refining sites are covered by the Control of Major Accident Hazards (COMAH) Regulations, which
ensure that businesses:
Take all necessary measures to prevent major accidents involving dangerous substances
Limit the consequences to people and the environment, if any major accidents occur
Under the regulations, there will be internal and external plans, which will have been developed
with the local fire and rescue service.
Pipelines
Britain is criss-crossed by a network of pipelines, some of them owned by individual oil companies
dedicated to supplying their own terminals, some being joint ventures, for example United
Kingdom Oil Pipelines, and others belonging to the government.
For a map showing the UK refineries, pipelines and key product distribution centres, refer to the
UKPIA website.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel, National
Operational Guidance: Industry and National Operational Guidance: Hazardous materials)
Hazards consistent with working at any large commercial processing site
Hazardous materials
References and further reading
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http://www.ukpia.com/industry_information/refining-and-uk-refineries.aspx
www.hse.gov.uk/comah/
www.ukpia.com/home.aspx

Tank storage facilities

Information
The Health and Safety Executive publication, Storage of flammable liquids in tanks, provides
information on topics including:
Location and layout of tanks
Design and construction
Loading and unloading facilities
Fire protection and precautions
The storage facilities in chemical processing sites and the petrochemical industries can house liquid
and solid feed, intermediate chemicals, by-products and process products.
Products stored in many facilities are required for other processes. Storage may also be required
for dilutants, solvents or other process materials. All these materials are generally stored in above
ground storage tanks (ASTs).
Underground storage tanks (UST) are still used in some locations, but use is limited due to access
problems and limited capacity.
In addition, potential leaks in a UST present environmental problems if leaks contaminate
groundwater. General earth contamination can lead to potential atmospheric exposures if there is
a higher vapour-pressure materials leak. Leaked materials can be a potential exposure problem
during ground remediation efforts.
UST leaks have resulted in stringent environmental regulations in many countries, such as
requirements for double-walled tanks and underground monitoring.
Types of above ground storage tanks include:
Fixed roof tank (FRT)
External floating roof tank (EFRT)
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Internal floating roof tank (IFRT)
Converted (or closed) floating roof tank (CFRT)
Sphere
Spheroid
Vertical ASTs can be:
Cone- or domed-roof tanks
Floating roof tanks that are covered or non-covered
Floating roof or external floating roof tanks (EFRTs)
Converted or closed roof tanks are EFRTs with covers installed on the tanks; covers are frequently
geodesic type domes. Since EFRTs do not maintain a perfectly circular shape over time, sealing the
floating roof is difficult and a covering is installed on the tank.
A geodesic dome design eliminates the roof trusses needed for cone roof tanks (FRTs). The
geodesic dome is more economical than a cone roof and, in addition, the dome reduces the loss of
materials to the environment.
Normally, the tanks are limited to liquid storage where the liquid vapour pressure does not exceed
77kPa. Where the pressure exceeds this value, spheroids or spheres are used, since both are
designed for pressure operation. Spheroids can be quite large but are not installed where the
pressure may exceed certain limits defined by the mechanical design.
For most higher-vapour pressure storage applications, spheres are normally the storage container
and are equipped with pressure relief valves to prevent overpressuring.
Tank separation and location considerations
Separation based on shell-to-shell distances can be based on calculating the thermal
radiation distance in the event of fire in an adjacent tank
Tanks should be separated from process units
A tank location, preferably downwind from other areas, minimises ignition problems in the
event of a tank releasing a significant vapour quantity
Storage tanks should have bunds to contain leaks and spillages
Bunds
Bunds are required and are nominally sized to hold the volume of a tank. Where multiple tanks are
in a bund, the minimum bund capacity should be equivalent to the volume of the largest tank plus
10% (i.e. 110% of the largest tank capacity).
The bund walls can be constructed of earth, steel, concrete or solid masonry. However, earth bunds
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should be impenetrable and the soil within the bunded area should also have an impenetrable
layer to prevent any chemical or oil leakage into the soil.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel, National
Operational Guidance: Hazardous materials, National Operational Guidance: Environmental
protection, and National Operational Guidance: Fires and firefighting)
Restricted access
Environmental damage
Fire phenomena
Hazardous material
References and further reading
www.hse.gov.uk/pUbns/priced/hsg176.pdf
www.ilocis.org/documents/chpt77e.htm
www.sasrl.it/packages/rimseal-systems/

Water

Sewage treatment

Information
Sewage or wastewater treatment is a process that involves removing solid material and other
contaminants to make the remaining liquid (effluent) safe for return to the natural environment.
Sewage is a term used to mean raw sewage, sewage sludge or septic tank waste.
Raw sewage is mainly water containing excrement, industrial effluent and debris, such as sanitary
towels, condoms, plastic, etc.
Excrement is the major source of harmful microorganisms, including bacteria, viruses and
parasites.
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Sewage treatment reduces the water content and removes debris, but may not remove the
microorganisms.
For an example of sewage treatment with further information and diagrams, refer to the Severn
Trent Water poster.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
Electricity
Working near water
High-pressure water supplies
Water-borne contaminants
Chemicals
Confined space entry
Flammable or explosive atmospheres
References and further reading
https://www.stwater.co.uk/my-severn-trent/education-zone/learning-zone/how-we-clean-sewage/
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/69592/pb13811-wa
ste-water-2012.pdf

Water treatment

Information
The water industry presents fire and rescue services with a number of hazardous environments in
the process of abstracting water from rivers, boreholes and aquifers etc., cleaning that water for
domestic consumption and treating the resultant wastewater (wash water) to return back to the
rivers.
Water utility facilities can be sites that handle one element of the water treatment process or
multiple elements of the process. Site-Specific Risk Information gathering will be key to
understanding the hazards each site represents for local fire and rescue service personnel.
For an example of water treatment with further information and diagrams, refer to the Severn
Trent Water poster.
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
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Electricity
Working near water
High-pressure water supplies
Water-borne contaminants
Chemicals
Confined space entry
Flammable or explosive atmospheres
References and further reading
https://www.stwater.co.uk/my-severn-trent/education-zone/learning-zone/how-we-clean-water/

Water and wastewater service suppliers

Information
Suppliers
Refer to the Water UK website for information about local water and wastewater suppliers
Water supply licensees
The economic regulators for water, Ofwat (England and Wales) and the Water Industry Commission
for Scotland (WICS), also license companies to supply water or wastewater services to nonhousehold customers. Market reform is opening up more opportunities for competition among
business customers in the UK. Competition in Scotland was opened up under the Water Services,
etc. (Scotland) Act 2005.
NI Water has dual status as a government-owned company and a non-departmental public body. It
operates according to conditions outlined in its licence.
Lists of suppliers currently granted licences are provided at:
Ofwat - water supply licensees (England and Wales)
Water Industry Commission for Scotland - list of current licensees
NIW Licence (Northern Ireland)
Hazards (for further information refer to National Operational Guidance: Utilities and fuel)
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As for Sewage treatment
As for Water treatment
References and further reading
www.water.org.uk/consumers/find-your-supplier
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