
EIBI  |  OCTOBER  2022  19

A
n electric motor is a device 
that converts electrical 
energy to rotary kinetic 
(movement) energy to power 

a process. Examples of processes 
include HVAC fans and pumps, 
washing machines, and conveyor belts. 
Motors are found in a vast majority of 
equipment in our everyday life.

Scale of motor energy 
consumption
Electric motive power is likely to form a 
large part of an organisation’s energy 
consumption, especially as a typical 
motor will consume energy ten times 
its purchase cost over its lifetime. 
Motor use is significant in the UK, 
Europe and indeed across the world.

In the UK fans use approximately 
40% of all electricity in HVAC systems.

In the USA, electric motor-driven 
systems and components in 
appliances and equipment account for 
more than 25% of the primary energy 
consumption in both residential and 
commercial sectors .

In Europe, there are over 8 billion 
electric motors in use and the 
appliances they power consume 
almost 50% of the electricity 
generation. In industry, machines 
driven by electric motors consume 
about two thirds of all electrical 
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to three-phase motors used in 
commercial buildings.

Electronically commutated (EC) 
motors are essentially brushless 
DC motors with permanent magnet 
and built in electronics that control 
the torque and speed of the motor. 
Electronically commutated motors 
are now widely used in the lower 
power categories due to their higher 
efficiency performance especially at 
part-load conditions.  

Motors can range in size/scale from 
small motors for a remote control car to 
very large industrial shredder motors; 
small motors having an input of <0.75 
kW, to large motors rated at >375 kW. 

Electric drives are normally 
classified into three groups, namely 
individual, group and multi motor 
drives. 

If a single motor is used to drive or 
actuate a given mechanism and it does 
all the work connected with this load, 
it is called an individual drive. When 
groups of machines are organised 
on one shaft and driven or actuated 
by one motor, the system is called a 
group drive or line shaft drive. This can 
be economical overall as a single large 
capacity motor often costs less than 
multiple small motors. 

A multi-motor drive consists of 
several individual motors which serve 
many mechanisms in production 
applications. This type of drive finds 
its application in complicated machine 
tools, travelling cranes, rolling mills, etc. 

For example, in a travelling crane 
three motors are used, one for 
hoisting, another for long travel motion 
and third for cross travel motion.

How is a motor's effi  ciency 
defi ned?
Electrical motor efficiency is 
the ratio between shaft output 
power and electrical input power.

If power output is measured in Watts 

energy. They are found in machines 
such as elevators, cranes and cooling 
systems. More efficient motors could 
save EU member states around 110 
TWh of energy savings annually by 
2030, equivalent to the electricity 
consumption of Netherlands. This 
means 40 million tonnes of CO2
emissions per year is avoided.

How do motors work?
When an electrical current is applied to 
the motor, a rotating magnetic field is 
created around the stator. This induces 
currents and associated magnetic 
fields in the rotor, causing the rotor and 
shaft to spin. The shaft is mounted on 
bearings and is thus able to rotate freely.

There are three main types of 
motors: direct current (DC) motors, 
alternating current (AC) motors and 
electronically commutated (EC). 

DC motors convert direct current 
electrical energy into mechanical 
energy. There are two main types of 
DC motors: brushed and brushless.

AC motors are generally classified 
into synchronous and induction 
motors. When viewed from the 
electrical input, induction motors are 
single-phase or 3-phase induction 
motors. Single phase motors generally 
move small loads but can suffer up 
to a 10% loss in efficiency compared 
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(W) then efficiency can be expressed as:
ηm = Pout / Pin  
where
ηm = motor efficiency
Pout = shaft power out (Watt, W)
Pin = electric power in to the motor 
(Watt, W)

The efficiency of electric motors 
is different depending on the type of 
the motor. It is higher in high-power 
machines and lower in the low-power 
ones. It usually varies between 75% 
and 95%.

While 100% efficiency is desirable, 
its useful to understand how efficiency 
losses occur in motors from a variety 
of sources: 

● Copper losses – this is electrical 
power lost in the primary rotor and 
secondary stator winding which is 
from resistance. 

● Iron losses – they occur as a result 
of magnetic energy dissipated when 
the motor's magnetic field is applied to 
the stator core.

● Mechanical losses – includes 
friction in the motor bearings and the 
fan for air cooling.

● Stray losses – these are the 
losses that remain after primary 
copper and secondary losses, iron 
losses and mechanical losses. The 
largest contribution to the stray losses 
is harmonic energies generated when 
the motor operates under load. These 
energies are dissipated as currents 
in the copper winding, harmonic flux 
components in the iron parts, and 
leakage in the laminate core.

In general, as motor power 
increases, the efficiency of the 
motor at full load also increases. 
This is partially due to the difficulty 
in dissipating heat in smaller motors. 
Higher power motors also operate 
close to peak efficiency for a wide 
range of loading conditions. 

Regulatory view on motors?
The International Electrotechnical 
Commission (IEC) has published an 
international standard that defines 

Chevrolet Bolt.
The power of a vehicle’s electric 

motor, as in other vehicles, is 
measured in kilowatts (kW). 100 kW 
is roughly equal to 134 horsepower, 
but electric motors can deliver 
their maximum torque over a wide 
RPM range. This means that the 
performance of a vehicle with a 100 
kW electric motor exceeds that 
of a vehicle with a 100 kW internal 
combustion engine, which can only 
deliver its maximum torque within a 
limited range of engine speed.

Energy is lost during the process 
of converting the electrical energy to 
mechanical energy. Approximately 
75% - 90% of the energy from the 
battery is converted to mechanical 
energy, the losses being in the motor 
and drivetrain.

In February 2024, there were over 
one million fully electric vehicles and 
a further 600,000 thousand plug-in 
hybrid vehicles in the UK. This is 
a significant rise from just under 
300,000 combined full electric and 
plug-in hybrids in 2019.

How do we control motors?
Different starting methods are 
employed for starting induction 
motors because the motor draws 
more current during starting in order 
to overcome its initial inertia; also, to 
prevent damage to the windings due 
to the high starting current flow. 

The simplest form of motor 
starter for the induction motor is the 
Direct On Line (DOL) starter which 
essentially connects the motor direct 
to the supply. It is viable for scenarios 
where the load driven by the motor can 
cope with shock produced by the high 
starting torque. This control method is 
often used to start small water pumps, 
compressors, fans and conveyor belts.

Star-delta or soft starters connect 
the motor to the power supply 
through a voltage reduction device 
and increases the applied voltage 
gradually or in steps. With this form 
of starter, the three-phase supply 
voltage to the stator windings can 
be switched between star and delta 
configurations.

Variable-speed drives (VSD)
present a most energy efficient 
method to control motors. VSDs 
provide a means of driving and 
adjusting the operating speed of a 
mechanical load. They are also known 
as variable frequency drives (VFD), 
however a VFD refers to AC drives 
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5 distinct energy efficiency classes 
for single-speed, three-phase 
motors (IE1, IE2, IE3, IE4 and IE5). This 
standard has also been adopted as 
a European and UK Standard (BS EN 
60034-30:2014).   

Using the graph in Figure 1, it can be 
seen that an IE1 10kW motor is around 
86% efficient and an IE5 10kW motor 
is around 95% efficient. Therefore 
changing an older pump with IE5 motors 
can result in 10% energy savings and a 
25% reduction in payback time.

The UK, in recognition of energy 
use associated with motors, has 
set energy-efficiency legislation 
(statutory Instrument 2021/745). This 
ensures that motors sold in the UK 
from 2023 are minimum IE2 efficiency. 

Motors in electric vehicles
An electric car is an automobile that 
is propelled by one or more electric 
motors, using energy stored in 

rechargeable batteries. Globally, electric 
cars are witnessing rising growth, a 
development only made possible 
by advances in motor technology 
alongside battery technology.  

In practice, electric vehicles take 
in electricity into the batteries which 
store energy in direct current (DC). 
Electricity is then fed into a DC/AC 
inverter where it is converted to 
alternating current (AC) electricity. 
This AC electricity is connected to a 
3-phase AC motor to drive the wheels. 
It is notable that DC motors are also 
often used. Several electric cars 
now have a regen feature, such that 
during braking, the motor turns into a 
generator and delivers power back to 
the batteries.

In recent production vehicles, 
various motor types have been 
implemented: Induction motors within 
Tesla cars and permanent magnet 
machines in the Nissan Leaf and 
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Date Motor Range UK Minimum Efficiency Standard

1 July 2021 0.12 kW to 0.75 kW IE2 (except if Ex eb increased safety motors)

1 July 2021 0.75 kW to 1000 kW IE3 (except if Ex eb increased safety motors)

1 July 2023 0.12 kW to 1000 kW IE2 for Ex eb increased safety motors

1 July 2023 >0.12 kW IE2 for Single-phase motors 

1 July 2023 75 kW to 200 kW IE4 for 2, 4, or 6 pole 3-phase motors (except for brake motors, Ex eb 
increased safety motors & other explosion protected motors)

UK legislation for motor energy efficiency

Figure 1

Power path in an electric car 
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only, while a variable speed drive (VSD) 
refers to either AC or DC drives.

VSDs can also implement soft 
motor starting and control based 
on external parameters such as 
temperature, flow, humidity, and 
proximity sensors which detect when a 
system or motor is required to operate. 

A VSD saves energy based on the 
Cube Law. By the Cube Law, power 
is proportional to the speed cubed; 
this means that a small increase in 
speed requires a lot more power, 
and a modest speed reduction can 
give significant energy savings. 
The Carbon Trust state that a 20% 
reduction in fan speed can result in a 
50% reduction in fan energy use.

The main components of a VSD are:
● Rectifier – this changes the 

incoming alternating current (AC) 
supply to direct current (DC). 
● Intermediate circuit – the rectified 

DC supply is then conditioned in 
the intermediate circuit, normally 
by a combination of inductors and 
capacitors. 
● Inverter – the inverter converts 

the rectified and conditioned DC back 
into an AC supply of variable frequency 
and voltage. This is normally achieved 
by generating a high frequency pulse 
width modulated signal of variable 
frequency and effective voltage. 
● Control unit – this monitors and 

controls the rectifier, the intermediate 
circuit and the inverter to deliver 
the correct output in response 
to an external control signal, i.e., 
temperature sensor.

Energy consumption of motors 
depends on the system load, 
configuration, and duty-cycle; 
therefore knowledge of the specific 
duty and utilisation is key to defining 
the savings opportunity. It should 
be noted applications like crushers, 
elevators, and hydraulic pumps enjoy 
lower benefits from adopting VSDs. 

VSD Control – there are two main 
ways to control the speed of a VSD; 
networked or hardwired. Networked 
involves transmitting the intended 
speed over a communication protocol 
such as Modbus, Modbus/TCP, 
EtherNet/IP, or via a keypad, while 
hardwired involves a pure electrical 
means of communication. 

Premature failures of motor 
insulation systems have been noted 
with fast-switching VSDs. To avoid 
motor failure when considering a VSD 
upgrade:

1. Locate the VSD controller as 

equipped with multiple fans, the fans 
can be staged for part-load operation, 
delivering energy savings of up to 30%.  

Refrigeration compressor motor 
– compressors currently used in self-
contained commercial refrigeration 
are single-speed, hermetically-sealed 
reciprocating compressors – there is 
an opportunity for improved control 
at scale. 

Air compressors – a variable speed-
controlled or frequency-controlled 
air compressor automatically adjusts 
its motor speed to the air demand, 
whereas fixed speed or load/unload 
compressors are either on full throttle or 
off. VSDs can deliver energy savings of 
35% on average in this application9. 

Grid peaks reduction – with VSD, 
you avoid peak currents at start up 
and therefore reduce the peak load on 
the industrial or commercial facility, 
avoiding excess capacity charges and 
lower DUOS costs.

Alternatives to VSDs
Sequential controllers – where multiple 
fans, pumps or compressors are 
installed, sequential controllers can 
be used to sequentially start and stop 
equipment according to the process 
demands. Whilst not as precise as 
variable speed control, significant 
energy savings can still be achieved. 

PLCs (Programmable Logic 
Controllers) can be used to build 
‘intelligence’ within a system. They 
can be programmed to predetermined 
schedules, or react to sensor inputs, 
and to ensure the motors only operate 
when required. ▄

close as possible to the motor, ideally 
less than 15 feet. 

2. Contact motor manufacturer for 
guidance on motor/drive compatibility.

3. Consider replacing the old motor 
with a premium efficiency ‘inverter-
duty’ motor.

4. Prioritise the use of a single VSD 
controller for each motor.

Opportunities for energy 
saving in commercial and 
Industrial sectors  
It is always useful to first consider low-
cost options for energy saving prior to 
installing costly frequency drives.

Reduce motor size – motor sizes can 
be reduced if the drive train is efficient, 
the load is well understood, and installed 
motor is deemed as oversized. Although 
motors sized too large stay relatively 
cool in operation, they waste energy 
through inefficient operation.

Motor replacement – it is sometimes 
more cost-effective to replace a failed 
motor with a Higher Efficiency Motor 
(HEM), rather than repair it. This is 
because rewind cost, especially for 
smaller motors can be high. Also a 
failed motor that has been rewound 
can be 0.5-2% less efficient than it was 

previously, therefore reduction in energy 
efficiency results in increased running 
costs. The replacement decision should 
be based on a comparison of the annual 
cost to own and operate the motors. For 
small motors and HVAC applications 
consideration should be given to EC 
motors.

Upgrade belt driven fans with 
direct plug fans – belt driven 
centrifugal fans commonly found in air 
handling units can be upgraded with 
direct plug drives, where the impeller is 
directly connected to the motor shaft. 
The benefit is that there are no power 
transmission losses, the energy the 
electric motor develops is transmitted 
directly to the impeller, which 
passes into the airflow and pressure 
development. Furthermore, cost 
savings in maintenance are achieved 
by removing the need to regularly 
replace belts and pulleys. Direct plug 
fans can also be VSD controlled. 

Cooling water circulation and 
cooling towers – VSDs are commonly 
used for cooling tower fans but 
variable flow cooling water loops with 
cooling towers are a recent innovation.

Fans for air-cooled chillers –
because air-cooled chillers are typically 
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A VSD saves energy based on the Cube Law

Schematic of a VSD
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■ Facilitate the connection of distributed 
renewable generation and variable loads 
such as electric vehicles and heat pumps

7) What does the abbreviation VPP stand for?
■ Volume purchase programme
■ Voluntary protection programme
■ Virtual power plant 

8) Electricity cannot be stored in large 
quantities by householders?

■ False as only large utilities and industrial/
commercial energy providers can provide 
storage facilities

■ False
■ True as householders can store electricity 

in standalone batteries or when charging 
their electric vehicles 

9) What is the main benefit of smart meters?
■ They avoid the need for meter readers
■ They provide accurate and timely 

information on power flows across the 
smart grid

■ They facilitate the export of surplus 
electricity from household solar PV panels 

10) What does the technology VtG represent?
■ Variable Geometry Turbochargers - 

designed to allow the effective aspect 
ratio of a turbocharger to be altered as 
conditions change

■ Volume of Trapped Gas associated with 
respiration 

■ Vehicle to Grid enabling EV batteries to 
discharge to the grid to ‘smooth’ high 
electricity peak demand profiles. 
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SMART GRIDS

1) The establishment of the main 
transmission grid began in which 
decade?

■ 1940s
■ 1930s
■ 1960s

2) Which key parameters need to be 
controlled by smart grids?

■ Voltage and frequency
■ Frequency and current
■ Voltage, current and frequency

3) What’s the main source of large-scale 
renewable generation connecting to 
the grid?

■ Biomass
■ Wind farms
■ Solar farms

4) What are the main forms of variable 
electrical loads connecting at the 
household level?

■ Electric vehicles and heat pumps
■ Smart meters
■ Home automation devices

5) What is the main threat to smart grids?
■ Cost of implementation
■ Cyber attacks
■ Lack of experience and expertise 

6) What are the main benefits of smart 
grids?

■ Reduce the need for centralised power 
generation

■ Encourage connection of electric vehicles
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is accompanied by a set of multiple-choice questions. 
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obtained, on successful completion of the course and notification by the Energy 
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The articles, written by a qualified member of the Energy Institute, will appeal 
to those new to energy management and those with more experience of the 
subject.

Modules from the past 16 series can be obtained free of charge. Send 
your request to editor@eibi.co.uk. Alternatively, they can be downloaded 
from the EiBI website: www.eibi.co.uk
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from the Energy Institute

SERIES 17
MAY 2019 - APR 2020

1 Batteries & Storage
2 Energy as a Service
3 Water Management
4 Demand Side Response
5 Drives & Motors
6 Blockchain Technology
7 Compressed Air 
8 Energy Purchasing
9 Space Heating
10 Data Centre Management

SERIES 18
MAY / JUNE 2020 - MAY 2021

1 Energy Efficiency Legislation
2 Building Controls
3 Smart Grids
4 Lighting Technology*
5 Heat Pumps*
6 Metering & Monitoring*
7 Air Conditioning*
8 Boilers & Burners*
9 Behaviour Change*
10 Combined Heat & Power*

* ONLY available to download from the website after publication date

Produced in Association with

Name ......................................................................................................................................................................... (Mr. Mrs, Ms) ....................................

Business ....................................................................................................................................................................................................................................

Business Address .................................................................................................................................................................................................................

........................................................................................................................................................................................................................................................

........................................................................................................................................................................................................................................................

.................................................................................................................................. Post Code  ..............................................................................................

email address .........................................................................................................................................................................................................................

Tel No. .........................................................................................................................................................................................................................................

Completed answers should be mailed to:
The Education Department, Energy in Buildings & Industry, P.O. Box 
825, GUILDFORD, GU4 8WQ. Or scan and  e-mail to editor@eibi.co.uk. All 
modules will then be supplied to the Energy Institute for marking

Please complete your details below in block capitals Terms: in submitting your completed answers you are indicating consent to EiBI’s 
holding and processing the personal data you have provided to us, in accordance 
with legal bases set out under data protection law. Further to this, EiBI will share 
your details with the Energy Institute (EI) with whom this CPD series is run in 
contractual partnership. The EI will process your details for the purposes of marking 
your answers and issuing your CPD certificate. Your details will be kept securely at 
all times and in a manner complaint with all relevant data protection laws.  For full 
details on the EI’s privacy policy please visit www.energyinst.org/privacy.

• To hear more from the EI subscribe to our mailing list: visit https://myprofile.
energyinst.org/EmailPreferences/Subscribe

6. Which is the ‘delivery end’ of a vapour 
compression heat pump system?

■  The evaporator
■  The condenser
■  The compressor
■  The slinky

7. Which of these factors is used by a weather 
compensation control system?

■  Building thermal inertia
■  Time of day
■  Outside air temperature
■  Date

8. Which of these factors is used by an optimum 
start control system?

■  Level of building occupancy
■  Outside air temperature
■  Boiler capacity
■  Boiler flow temperature

9. Which types of space heating system can 
building management systems be used to control?

■  Any
■  Wet systems
■  Air handling plant
■  Boilers

10. What is a thermostat?

■  A temperature sensitive switch
■  A temperature sensor
■  A proportional control device
■  A digital display device
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SPACE HEATING 

1. Which is the most common heating media in 
wet systems?

■  High temperature hot water
■  Steam
■  Low temperature hot water
■  Cold water

2. What is the most common space heating 
fuel in the UK?

■  Fuel oil
■  Electricity
■  Natural gas
■  Coal

3. What is a typical dry bulb space temperature 
for a home?

■  160C
■  190C
■  220C
■  240C

4. What is currently the most common 
construction material for panel radiators?

■  Cast iron
■  Pressed steel
■  Cast aluminium
■  Copper

5. Which of these is a key component of a 
mechanical ventilation system?

■  A fan
■  An atrium
■  A chimney
■  Opening windows
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1)  Refrigeration accounts for what percentage of 
total global electricity use.
□ 10 per cent
□ 14 per cent
□ 17 per cent 
□ 19 per cent

2) What percentage of a supermarket’s energy 
use is accounted for by refrigeration?
□ 70 per cent
□ 60 per cent
□ 50 per cent
□ 40 per cent

3) What is the most common type of refrigeration 
cycle?
□ Absorption
□ Vapour condensation
□ Vapour compression
□ Vapour evaporation

4) Which part of the refrigeration system uses 
the most input energy?
□ Evaporator
□ Compressor
□ Condenser
□ Defrosting

5) COSP is short for
□ Coefficient of System Pressure
□ Coefficient of System Performance
□ Coefficient of Specific Performance
□ Coefficient of Specific Pressure

6) What is a typical range for COP?
□ 1-3
□ 1-4
□ 2-5
□ 3-10

7) Which of these is not a type of refrigeration 
compressor?
□ Scroll
□ Screw
□ Script
□ Reciprocating

8) What savings could be expected from a 1oC 
reduction from floating head pressure control?
□ 2-4 per cent
□ 3-5 per cent
□ 4-6 per cent
□ 5-7 per cent

9) Increasing a condenser size by 30 per cent 
might realise savings of?
□ 5 per cent
□ 10 per cent
□ 15 per cent
□ 20 per cent

10) What percentage of recovered heat could be 
‘high-grade’?
□ 5 per cent
□ 10 per cent
□ 15 per cent
□ 20 per cent

Questions
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This is the second module in the 20th series and focuses on 
Energy Auditing. It is accompanied by a set of multiple-choice 
questions. 

To qualify for a CPD certificate readers must submit at least 
eight of the ten sets of questions from this series of modules 
to EiBI for the Energy Institute to mark. Anyone achieving at 
least eight out of ten correct answers on eight separate articles 
qualifies for an Energy Institute CPD certificate. This can be 
obtained, on successful completion of the course and notification 
by the Energy Institute, FREE OF CHARGE for both Energy 
Institute members and non-members.

The articles, written by a qualified member of the Energy 
Institute, will appeal to those new to energy management and 
those with more experience of the subject.
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Please mark your answers below by placing a cross in the box. Don't forget that some questions might have more 
than one correct answer. You may find it helpful to mark the answers in pencil first before filling in the final answers in 
ink. Once you have completed the answer sheet, return it to the address below. Photocopies are acceptable.

1). Which of the following is the UK’s most common energy 
auditing standard?

□ ISO50001

□ CIBSE Guide M

□ BSEN 16247

□ ISO14001

2). How many stages are there to an energy audit?

□ 1

□ 8

□ 15

□ 7

3). Which is an example of data collection prior to a site visit?

□ Display Energy Certificates (DECs) and Energy Performance 
Certificates (EPCs) 

□ Energy consumption and cost data

□ Operating and maintenance manuals

□ All of the above

4). Why would an energy audit use a thermal imaging camera 
during an energy audit?

□ To establish electrical panel stress points

□ To measure lux levels

□ To identify energy waste through excessive heat losses

□ To record noise levels

5). When should a risk assessment and method statement 
ideally be carried out?

□ Following a pre-visit meeting

□ Following the energy audit

□ At data request

□ At the final meeting

6). Which of the following are examples of an energy 
management assessment considerations?

□ Sites safety plan, policy, standards, targets, structure, 
procurement, monitoring practices, staff engagement, training 
and communications
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Please complete your details below in block capitals.

□ Sites operational procedures, policy, standards, targets, 
financial accounts and profitability, monitoring practices, staff 
engagement, training and communications

□ Sites operational procedures, Data protection policy, 
standards, targets, structure, procurement, monitoring 
practices, staff engagement, training and communications

□ Sites operational procedures, policy, standards, targets, 
structure, procurement, monitoring practices, staff 
engagement, training and communications

7). Which of the following are examples of energy analysis 
being carried out during an energy audit?

□ Comparison with building energy benchmarks

□ Comparison with degree days

□ End use assessment

□ All of the above

8). Which of the following are examples of energy 
management recommendations?

□ Heat Recovery

□ LED

□ PV

□ Energy monitoring and targeting

9). Which of the following are examples of energy efficiency 
technology refit recommendations? 

□ LED

□ Training

□ ISO50001

□ National Grid decarbonisation

10). Why is it important to provide a presentation of the 
completed energy audit report?

□ To ensure payment of the audit

□ To build confidence in which recommendations the client will 
take forward for implementation

□ To comply with CIBSE TM44

□ To exploit business development contacts for the sales team
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answers on eight separate articles qualifies for an 
Energy Institute CPD certificate. This can be obtained, on 
successful completion of the course and notification by 
the Energy Institute, FREE OF CHARGE for both Energy 
Institute members and non-members.

The articles, written by a qualified member of the 
Energy Institute, will appeal to those new to energy 
management and those with more experience of the 
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Please mark your answers below by placing a cross in the box. Don't forget that some questions might have more 
than one correct answer. You may find it helpful to mark the answers in pencil first before filling in the final answers in 
ink. Once you have completed the answer sheet, return it to the address below. Photocopies are acceptable.

1. Why did TCP/IP overtake other network protocols and 
become dominant?

□ Price

□ Simple and compact protocol stack

□ Use of packets for sending messages

□ The ability to route messages between local area networks 
using wide area networks

2. During the 1990s, how much did the cost of a unit of 
computer power fall?

□ A factor of ten

□ A factor of thirty

□ A factor of a hundred

□ A factor of three hundred

3. In the general case, how would you expect IoT devices 
connected to the Internet?

□ Dedicated wiring

□ Any link capable of sending IP packets to a LAN or WAN

□ A radio link

□ A 10BASE-T cable.

4. What does PoE simplify?

□ The provision of power to devices connected to wired Ethernet

□ The implementation of structured cabling systems

□ The connection of routers to telecommunication systems

□ The wiring of CAT V connectors

5. Which source of energy would not be used in an energy 
harvesting sensor? 

□ Heat from pipework

□ Light

□ Lithium iron phosphate battery

□ Electromagnetic field around a cable
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6. Is open source material

□ Restricted to hardware development

□ Governed by a range of binding and enforceable license 
options

□ Restricted to software development

□ The giving away of intellectual property without restriction

7. Which feature would you not expect to need to add to 
microcontroller board (e.g. an Arduino or Raspberry Pi) if you 
needed it for a project?

□ Power supply

□ Digital to analogue converter

□ Digital I/O connections

□ Serial interface

8. What feature protects the operating system, system 
configuration, and programs installed on a system in the 
event of a crash?

□ Appropriate timeouts on network operations

□ Keeping core dumps for analysis

□ Minimising the number of files open at any given time

□ The use of a read only file systems

9. What level of reliability is achievable in an IoT system in 
normal use?

□ The system should restart automatically if it fails

□ It should never fail

□ Reboot every three weeks

□ Reboot every three months

10. What offers the ultimate guard against system failure?

□ The prevention of resource leaks

□ The use of assert statements

□ The watchdog timer

□ Respawning failed processes
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This is the fifth module in the 20th series and focuses on 
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at least eight of the ten sets of questions from this 
series of modules to EiBI for the Energy Institute to 
mark. Anyone achieving at least eight out of ten correct 
answers on eight separate articles qualifies for an 
Energy Institute CPD certificate. This can be obtained, on 
successful completion of the course and notification by 
the Energy Institute, FREE OF CHARGE for both Energy 
Institute members and non-members.

The articles, written by a qualified member of the 
Energy Institute, will appeal to those new to energy 
management and those with more experience of the 
subject.

Modules from the past 19 series can be obtained 
free of charge. Send your request to editor@eibi.co.uk. 
Alternatively, they can be downloaded from the EiBI 
website: www.eibi.co.uk
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ink. Once you have completed the answer sheet, return it to the address below. Photocopies are acceptable.

1) The Chinese city of Anshan expects to incorporate a 
district energy model based on heat recovery that will help 
reduce:
□ 2.5m tons of burning coal

□ 3.0m tons of burning coal

□ 1.2m tons of burning coal

□ 0.5m tons of burning coal

2) District heating and cooling allow for a reduction in 
primary energy consumption that ranges between: 
□ 10 - 20 per cent

□ 30 - 50 per cent

□ 1 to 5 per cent

□ 25 to 30 per cent

3) Which per cent of the heat generated globally in district 
heating plants goes to the industrial sector? 
□ 40 per cent

□ 10 per cent

□ 35 per cent

□ 60 per cent

4) Improved piping insulation and integration of 
digitalisation techniques can significantly reduce heat 
losses, potentially containing them below?
□ 40 per cent

□ 10 per cent

□ 35 per cent

□ 60 per cent

5) In 2022 the Green Heat Network Fund replaced it and 
opened for applications with a total of? 
□ £188m

□ £388m

□ £488m

□ £288m
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6) By the end of 2021 at least how many countries had 
committed to renewable heating and cooling targets?
□ 29

□ 19

□ 39

□ 59

7) What value was an approved European Commission 
scheme to promote green district heating based on 
renewable energy and waste heat in Germany?
□ €2bn

□ €3bn

□ €0.5bn

□ €5bn

8) District heating and cooling networks play a key role in 
reducing greenhouse gases and in the transition to carbon 
neutrality
□ False

□ True

9) The application of new, enhanced control systems in older 
District Energy Systems can reduce overall energy losses by? 
□ up to 5  per cent. (answer)

□ up to 15  per cent.

□ up to 25  per cent.

□ up to 35  per cent.

10) In the United Kingdom, what level of grant support has 
been provided to develop district energy projects?
□ £50m

□ £150m

□ £450m

□ £250m

Produced in Association with

EIBI_1122_021-24_(T).indd   4 09/11/2022   17:43

20

This is the seventh module in the 20th series and focuses 
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series of modules to EiBI for the Energy Institute to 
mark. Anyone achieving at least eight out of ten correct 
answers on eight separate articles qualifies for an 
Energy Institute CPD certificate. This can be obtained, on 
successful completion of the course and notification by 
the Energy Institute, FREE OF CHARGE for both Energy 
Institute members and non-members.

The articles, written by a qualified member of the 
Energy Institute, will appeal to those new to energy 
management and those with more experience of the 
subject.

Modules from the past 19 series can be obtained 
free of charge. Send your request to editor@eibi.co.uk. 
Alternatively, they can be downloaded from the EiBI 
website: www.eibi.co.uk
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Please mark your answers below by placing a cross in the box. Don't forget that some questions might have more 
than one correct answer. You may find it helpful to mark the answers in pencil first before filling in the final answers in 
ink. Once you have completed the answer sheet, return it to the address below. Photocopies are acceptable.

1) What does ‘MVHR’ stand for?

□ Motorised Ventilation and Holistic Retention 

□ Mechanical Ventilation and Heat Recovery.

□ Metered Ventilation and Heating Rate

□ Moderated Ventilation for Housing Retrofit

2) What is the approximate proportion of total heat losses 
that can be attributed to infiltration for a typical building 
which relies upon natural (i.e. non-mechanical) ventilation?

□ 5 per cent

□ 10 per cent

□ 30 per cent

□ 70 per cent

3) The adage ‘build tight and ventilate right’ seeks to address 
the following issues associated with uncontrolled ‘natural’ 
ventilation:

□ increased energy use and GHG emissions

□ discomfort and health issues suffered by occupants

□ damage to the building fabric due to the moisture carried by the 
air flows  

□ all of the above.

4) The UK building regulations reference ‘air permeability’ 
as a measure of the air tightness of a building.  What are the 
units of this measurement?

□ L/m2 at 50Pa 

□ m³/(h·m²) at 50 Pa

□ L/m2 at 25Pa 

□ m³/(h·m²) at 25 Pa

5) What is the typical heat recovery efficiency of an MVHR 
unit specified for a Passivhaus project?

□ 10-20 per cent

□ 20-30 per cent

□ 50-60 per cent

□ 80-90 per cent
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Please complete your details below in block capitals.

6) Which of the following room types would have air supplied, 
as opposed to extracted, by the ventilation system?

□ Bathroom

□ Kitchen

□ Utility room

□ Bedroom

7) What limit does the Passivhaus standard reference for 
noise from the ventilation system in a bedroom?  

□ ≤ 20 dB(A)

□ ≤ 25 dB(A)

□ ≤30 dB(A)

□ ≤35 dB(A)

8) Which of the following is not true?  The filters installed in 
the MVHR are important in order to:

□ protect the heat exchanger from being soiled

□ deliver improved air quality by removing pollutants

□ absorb any water which condenses in the unit

□ protect the fan from being soiled

9) Which of the following is a commonly available control 
input for MVHR fan speed?

□ CO2 sensor

□ Humidity sensor

□ Boost button

□ All of the above

10) Which of the following filter types would be suitable for 
the fresh air intake from outside?

□ ISO ePM1

□ G4

□ ISO Coarse

□ Activated carbon
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CPD Entry Form

Please complete your details below in block capitals.

1. Which of the following is not a type of motor? 
□ Alternating current motor
□ Direct current motor
□ Alternating flow motor 
□ Electronically commutated motor 

2. A 0.12kW single phase motor purchased in the 
UK in 2024 needs to be minimum motor efficiency 
of ?
□ IE2 
□ IE5 
□ IE4 
□ IE3 

3. A variable speed driven compressor will achieve 
energy savings of what % compared to a fixed 
speed compressor? 
□ 5%
□ 15%
□ 35% 
□ 65% 

4. An IE5 10kW motor operates at an efficiency 
percent of about?
□ 72%
□ 95% 
□ 86%
□ 99%

5. Rewinding a failed motor can reduce its efficiency 
by?
□ 65 - 70%
□ 18 – 20%
□ 35 - 45%
□ 0.5 – 2% 

6. Which of the following is not a typical loss within 
a motor?
□ Copper losses
□ Academy losses
□ Iron losses
□ Mechanical losses

7. What does the regen feature in electric cars 
achieve when the car is braking?

□ It quickly stops the car
□ It alerts the driver of battery power level
□ The motor turns into a generator and delivers power 

back to the batteries
□ It reduces driver fatigue

8. What statement best describes electronically 
commutated motors?
□ It is a motor that provides nuclear capabilities to any 

standard motor
□ Electronically commutated motors are the largest 

size motors known to man
□ Electronically commutated motors only work in sea 

water
□ Electronically commutated motors are essentially 

brushless DC motors

9. Energy consumption of motors does not depend 
on which of the following?
□ System load
□ Hours of operation
□ Energy provider 
□ Utilisation 

10. According to the Cube law when applied to fans 
and pumps...
□ Power is proportional to the speed cubed
□ Power and speed are not related
□ Speed can only be varied for motors rated over 

375kW
□ Power is function of reverse wind conditions above 

1,000 feet only 

11. What percentage of the energy from an electric 
vehicle battery is converted to mechanical energy?
□ 25% - 30%
□ 45 - 60%
□ 65 - 75%
□ 75 - 90%

12. What are the benefits of upgrading belt driven 
fans to plug driven fans?
□ Reduced maintenance costs
□ They can be VSD controlled
□ Efficient power transmission from the motor to the 

impeller
□ All of the above

How to obtain a CPD accreditation
from the Energy Institute
This is the eighth module in the 21st series and focuses on 
Drives & Motors. It is accompanied by a set of multiple-choice questions. 

To qualify for a CPD certificate readers must submit at least eight 
of the ten sets of questions from this series of modules to EiBI for 
the Energy Institute to mark. Anyone achieving at least eight out of 
12 correct answers on eight separate articles qualifies for an Energy 
Institute CPD certificate. This can be obtained, on successful completion 
of the course and notification by the Energy Institute, FREE OF CHARGE
for both Energy Institute members and non-members.

The articles, written by a qualified member of the Energy Institute, 
will appeal to those new to energy management and those with more 
experience of the subject.

Modules from the past 20 series can be obtained free of charge. 
Send your request to editor@eibi.co.uk. Alternatively, they can be 
downloaded from the EiBI website: www.eibi.co.uk/cpd

Terms: in submitting your completed answers you are indicating consent to EiBI’s 
holding and processing the personal data you have provided to us, in accordance 
with legal bases set out under data protection law. Further to this, will share your 
details with the Energy Institute (EI) with whom this CPD series is run in contractual 
partnership. The EI will process your details for the purposes of marking your answers 
and issuing your CPD certificate. Your details will be kept securely at all times and in 
a manner complaint with all relevant data protection laws.  For full details on the EI’s 
privacy policy please visit www.energyinst.org/privacy.

To hear more from the EI subscribe to our mailing list: visit https://
myprofile.energyinst.org/EmailPreferences/Subscribe

SERIES 21 JUNE 2023 � MAY 2024
1. Water Management 
2. Heat Pumps
3. Indoor Air Quality 
4. Data Centre Management
5. Building Controls 
6. Decarbonising Heating 
7. Compressed Air 
8. Drives & Motors 
9. Energy as a Service* 
10. Lighting*
* Only available to download after publication date

“Energy in Buildings & Industry and the  Energy 
Institute are delighted to have teamed up to bring you 
this Continuing Professional Development initiative”
Chris Jones, managing editor
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