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 T
he first known use of the 
term photovoltaic was 
circa 1889, according to 
the International Scientific 
Vocabulary’s confirmation of 

its origin and etymology.
The definition of photovoltaic is: “of, 

relating to, or utilising the generation 
of a voltage when radiant energy falls 
on the boundary between dissimilar 
substances (such as two different 
semiconductors).”

The voltaic part of photovoltaic 
comes from the name of Alessandro 
Volta, inventor of the electric battery. 
Unlike photoelectric cells which use 
electricity for certain small tasks, 
photovoltaic cells actually produce 
electricity. Solar cells, the standard 
type of photovoltaic cells (often called 
simply photocells), operate without 
chemicals and with no moving parts to 
create energy directly from sunlight. 
Much research is now being done on 
creating an alternative technology—
solar film, which could be stuck onto 
almost any surface, or even sprayed on.

Photovoltaic (PV) cells, convert 
sunlight directly into electricity. PV 
gets its name from the process of 
converting light (photons) to electricity 
(voltage), which is called the ‘PV effect’. 
The PV effect was discovered in 1954, 
when scientists at Bell Telephone 
discovered that silicon (an element 
found in sand) created an electric 
charge when exposed to sunlight. Soon 
solar cells were being used to power 
space satellites and smaller items like 
calculators and watches.

Silicon the most efficient
Traditional solar cells are made from 
silicon, are usually flat-plate, and are 
generally the most efficient. Second-
generation solar cells are called 
thin-film solar cells because they are 
made from amorphous silicon or non-
silicon materials such as cadmium 
telluride. Thin film solar cells use layers 
of semiconductor materials only a 
few micrometers thick. Because of 
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their flexibility, thin film solar cells can 
double as rooftop shingles and tiles, 
building facades, or the glazing for 
skylights.

Third-generation solar cells are 
being made from a variety of new 
materials besides silicon, including 
solar inks using conventional printing 
press technologies, solar dyes, and 
conductive plastics. Some new solar 
cells use plastic lenses or mirrors to 
concentrate sunlight onto a very small 
piece of high efficiency PV material. 
The PV material is more expensive, 
but because so little is needed, these 
systems are becoming cost effective for 
use by utilities and industry. However, 
because the lenses must be pointed 
at the sun, the use of concentrating 
collectors is limited to the sunniest 
parts of the world.

PV modules and arrays are just 
one part of a PV system. Systems also 
include mounting structures that 
point panels toward the sun, along 
with the components that take the 

direct-current (DC) electricity produced 
by modules and convert it to the 
alternating-current (AC) electricity used 
to power all of the appliances in your 
home.

Solar photovoltaic modules are 
where the electricity gets generated, 
but are only one of the many parts in 
a complete photovoltaic (PV) system. 
In order for the generated electricity 
to be useful in the built environment, a 
number of other technologies must be 
in place.

PV arrays must be mounted on 
a stable, durable structure that can 
support the array and withstand wind, 
rain, hail, and corrosion over decades. 
These structures tilt the PV array at a 
fixed angle determined by the local 
latitude, orientation of the structure, 
and electrical load requirements. To 
obtain the highest annual energy 
output, modules in the northern 
hemisphere are pointed due south and 
inclined at an angle equal to the local 
latitude. Rack mounting is currently the 

How a photovoltaic system works



most common method because it is 
robust, versatile, and easy to construct 
and install. More sophisticated and 
less expensive methods continue to be 
developed.

For PV arrays mounted on the 
ground, tracking mechanisms 
automatically move panels to follow 
the sun across the sky, which provides 
more energy and higher returns on 
investment. Single-axis trackers are 
typically designed to track the sun 
from east to west. Two-axis trackers 
allow for modules to remain pointed 
directly at the sun throughout the 
day. Naturally, tracking involves more 
up-front costs and sophisticated 
systems are more expensive and 
require more maintenance. As systems 
have improved, the cost-benefit 
analysis increasingly favours tracking 
for ground-mounted systems. 

Inverters are used to convert 
the direct current (DC) electricity 
generated by solar photovoltaic 
modules into alternating current (AC) 
electricity, which is used for local 
transmission of electricity, as well as 
most appliances in our homes and in 
industry. PV systems either have one 
inverter that converts the electricity 
generated by all of the modules, or 
micro inverters that are attached 
to each individual module. A single 
inverter is generally less expensive and 
can be more easily cooled and serviced 
when needed. The micro inverter 
allows for independent operation of 
each panel, which is useful if some 
modules might be shaded, for example. 
It is expected that inverters will need to 
be replaced at least once in the 25-year 
lifetime of a PV array.

Advanced inverters, or “smart 
inverters,” allow for two-way 
communication between the inverter 
and the electrical utility. This can 
help balance supply and demand 
either automatically or via remote 
communication with utility operators. 
Allowing utilities to have this insight 
into (and possible control of) supply 
and demand allows them to reduce 
costs, ensure grid stability, and reduce 
the likelihood of power outages.

Batteries allow for the storage of 
solar photovoltaic energy, so we can 
use it to power our homes at night 
or when weather elements keep 
sunlight from reaching PV panels. 
Not only can they be used in homes, 
but batteries also are playing an 
increasingly important role for utilities. 
As customers feed solar energy back 
into the grid, batteries can store it so it 
can be returned to customers at a later 
time. The increased use of batteries 
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will help modernise and stabilise the 
electricity grid.

Global energy balance
The potential threat of global climate 
change, increasing energy demand of 
the developing world, and inevitably, 
although not rapidly, diminishing fossil 
fuel resources, have made sustainable 
energy supply a planetary issue that 
has to be addressed by every sector of 
human life. At the same time buildings 
continue to play a significant role in the 
global energy balance. Typically, they 
account for some 20-30 per cent of 
the total primary energy requirements 
of industrialised countries. With 
increasing awareness of the ecological 
consequences of energy consumption, 
the need for energy- and environment-
conscious building design has become 
more and more pressing. 

The building designer already has 
a number of sustainable technologies 
to choose from: premium thermal 
insulation, advanced heating, 
ventilation and air conditioning (HVAC) 
equipment, passive solar architecture 
featuring climate conscious building 
orientation and advanced glazing 
and daylighting options; active solar 
thermal technologies for space heating 
and domestic hot water; and energy 
efficient lighting and appliances. 
All these measures can and already 
have significantly reduced especially 
the thermal energy requirements of 
buildings. This in turn has increased 
the share of electricity in the energy 
balance of the building sector. 

Until recently it was not feasible 
to go beyond the energy-conscious 
building design from merely saving to 
actually producing high value energy 
and sharing it with the whole society. 

During four decades of photovoltaic 
activity the devices originally used in 
space technology have gradually found 

their way into numerous applications. 
The state-of-the-art photovoltaic 
technology today can be characterised 
as follows: 
• PV modules are technically well 
proven with an expected service time 
of at least 30 years; 
• PV systems have successfully been 
used in thousands of small and large 
applications;
• PV is a modular technology and can 
be employed for power generation 
from milliwatt to megawatt facilitating 
dispersed power generation in contrast 
to large central stations; 
• PV electricity is a viable and cost-
effective option in many remote 
site applications where the cost of 
grid extension or maintenance of 
conventional power supply systems 
would be prohibitive; and 
• PV technology is universal: the PV 
modules feature a “linear” response 
to solar radiation and therefore may 
be mass produced and shipped world-
wide. 

Although the photovoltaics sector 
has the technical potential of becoming 
a major clean energy source of the 
future, it is not yet economically 
competitive in bulk power generation. 
Instead, it finds its practical applications 
in smaller-scale innovative “niche” 
markets like consumer products, 
remote telecommunication 
stations, and off-the-grid dwellings. 
However, due to rapid technological 
improvements and the pronounced 
need for sustainable energy solutions, 
PV in buildings, also connected to 
the utility grid, now shows promise of 
becoming more than just another niche 
market. 

Traditionally, PV modules or PV 
arrays have been mounted on special 
support structures. However, they 
can also be mounted on buildings, 
or even be made an integral part of 
the building envelope thus creating a 
natural on- site link between the supply 
and demand of electricity. Through the 
use of photovoltaic the consumption 
of power plant based electricity may 
be significantly reduced. The buildings 
may even be turned into small 
distributed net electricity producers 
and, as such, offer increasing benefits 
to all. 

No extra land requirements
From an architectural, technical and 
financial point of view, PV in buildings 
today:
• does not require any extra land area 
and can be utilized also in densely 
populated areas;
• does not require any additional 

infrastructure installations;
• can provide electricity during peak 
times and thus reduce the Utility’s peak 
delivery requirements;
• may reduce transmission and 
distribution losses;
• may cover all or a significant part 
of the electricity consumption of the 
corresponding building;
• may replace conventional building 
materials and thus serve a dual 
role which enhances pay back 
considerations;
• can provide an improved aesthetic 
appearance in an innovative way;
• can be integrated with the 
maintenance, control and operation of 
the other installations and systems in 
the building; and
• can provide reduced planning costs;

Once put in the building context, 
photovoltaics should not be viewed 
only from the energy production 
point of view. Because of the physical 
characteristics of the PV module itself, 
these components can be regarded as 
multifunctional building elements that 
provide both shelter and power. 

Being a mixture of technology, 
architecture and social behaviour, 
PV in buildings eludes unambiguous 
evaluation of its cost-effectiveness 
and market potential. To a large extent, 
the value of the concept remains to 
be assessed on a case-by-case basis 
given the economical, technological, 
architectural, social and institutional 
boundaries of the project under 
consideration. 

The photovoltaic community may 
have great visions of the future, but 
PV in buildings is already an option 
for today with numerous successful 
examples. Building design is an integral 
process and photovoltaic technology 
adds to the choices available for the 
energy-conscious designer. It is up to 
the designer to weigh the pros and 
cons of the various technologies in 
each individual project, and make the 
choice. In short, photovoltaics is worth 
considering:
• if the building has access to solar 
radiation; 
• if innovative design options are 
preferred; and
• if the building is or will be energy-
efficient by design. 

Although an inherently elegant 
concept, photovoltaics in buildings is 
not turned into appealing architecture 
and sound engineering without the 
concerted professional efforts of 
several disciplines. Only by working 
closely together, can engineers and 
architects combine technology 
and architecture in a way that may 
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behind an array for cooling (typically 
a minimum 25mm vented air gap 
to the rear). For building integrated 
systems, this is usually addressed by 
the provision of a vented air space 
behind the modules. On a conventional 
pitched roof, batten cavity ventilation 
is typically achieved by the use 
of counter-battens over the roof 
membrane and by the installation of 
eaves and ridge ventilation.

Inverter ventilation – Inverters 
dissipate heat and should be 
provided with sufficient ventilation. 
Clearance distances as specified by 
the manufacturer (e.g. to a heatsink) 
should also be observed. Failure to 
follow this can cause a loss in system 
performance as the inverter will 
de-rate when it reaches its maximum 
operating temperature. This should 
be highlighted within the operation 
and maintenance manual and perhaps 
with a label – not to block ventilation – 
placed next to the inverter. 

Building-integrated photovoltaic’s 
(BIPV) are photovoltaic materials 
that are used to replace conventional 
building materials in parts of 
the building envelope such as the 
roof, skylights, or facades. They are 
increasingly being incorporated into 
the construction of new buildings 
as a principal or ancillary source of 
electrical power, although existing 
buildings may be retrofitted with 
similar technology. The advantage of 
integrated photovoltaics over more 
common non-integrated systems is 
that the initial cost can be offset by 
reducing the amount spent on building 
materials and labour that would 
normally be used to construct the part 
of the building that the BIPV modules 
replace. These advantages make BIPV 
one of the fastest growing segments of 
the photovoltaic industry.

The term building-applied 
photovoltaics (BAPV) is sometimes 
used to refer to photovoltaics that are 
a retrofit – integrated into the building 
after construction is complete. Most 
building-integrated installations are 
actually BAPV. Some manufacturers 
and builders differentiate new 
construction BIPV from BAPV.

Further reading
• wbdg.org
• NREL.gov
• U.S. Department of Energy’s Office 

of Energy Efficiency and Renewable 
Energy

• BRE.co.uk
• International Energy Agency, Paris, 

France
• mirriam-webster.com
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revolutionize our understanding of 
both energy and buildings. 

Installation of systems
Any PV system must comply with 
Health and Safety Requirements, BS 
7671, and other relevant standards 
and Codes of Practice. Much of the 
content of this guide is drawn from 
such requirements. While many UK 
standards apply in general terms, at the 
time of writing there is still relatively 
little which specifically relates to a PV 
installation. However, there are two 
documents which specifically relate to 
the installation of these systems that 
are of particular relevance: 
• Engineering Recommendation G83/1 
(2003) – Recommendations for the 
connection of small scale embedded 
generators (up to 16A per phase) 
in parallel with public low voltage 
distribution networks,
• IEE Guidance Note 7 to BS 7671 - 
Special Locations, Section 12 Solar 
Photovoltaic (PV) Power Supply 
Systems (ISBN 0 85296 995 3, 2003) 
A mains-connected PV installation 
generates electricity synchronised 
with the electricity supply. Installers 
are obliged to liaise with the relevant 
Distribution Network Operator (DNO) 
in the following manner: 
• Single installation covered by 
G83/1 – notification at or before day 
of commissioning followed by G83/1 
paperwork (G83/1 appendix 3) within 
30 days; and
• Multiple installation covered by 
G83/1 – application to proceed (G83/1 
appendix 2). 

It is common practice for an inverter 
power to be less than the PV array 
rating and safety considerations with 
respect to sizing an inverter must be 
addressed.

However, also to be considered is 
the system performance. For example, 
a 1kWp array connected to a 1.5kW 
inverter may be safe but not energy 
efficient – with the UK climate, the 
inverter will be operating for much of 
the time at less than the 1kWp rating of 
the array and consequently at a poor 
point on the inverter efficiency curve 
depending on the inverter (inverters 
are typically less efficient at low power 
levels). 

PV array: inverter ratios from 1:1 to 
1:0.8 are commonly applied in the UK, 
though in certain circumstances and 
depending on the inverter used, ratios 
outside this are sometimes utilised (NB: 
Inverter power is taken to be maximum 
steady state AC power output).

Inverter mpp range - An inverter 
must be able to safely withstand a 

maximum array voltage and current. 
However, when choosing the most 
appropriate inverter, for inverter 
performance purposes and when 
considering the matching of an array 
to the mpp range of an inverter, an 
assessment can be made as to whether 
a narrower temperature band (e.g. 
-10 0C to 700C) maybe acceptable and 
appropriate for that particular site. 

Output of a PV system
The output of a PV system depends on 
many factors such as orientation, pitch, 
shading and geographical location. 

Estimating exact annual 
performance of a grid connected PV 
system is difficult, however as a rule 
of thumb - a south facing, inclined 
plane, unshaded array in the UK 
can be expected to generate on 
average 750kWh per kW installed per 
year. Please note that this can be a 
conservative figure. 

Chart 1 shows the percentage of 
yearly output available for various 
orientation tilts (as per cent of 
maximum). These figures are typical for 
the UK - up to +/-10per cent difference 
can be expected depending on position 
in the country and type of PV cells 

used etc - it is recommended that a 
PV simulation is carried out using one 
of the PV simulation programmes 
available for an accurate estimation. 
Near horizontal 0° inclinations are not 
recommended as self-cleaning cannot 
be relied on up to about 10°.  

It must be remembered that output 
varies with season. The shape of 
the daily insolation curves, and the 
monthly and seasonal trend in system 
performance is shown on the graphs 
1 and 2.

Shading – Shade makes a big impact 
on the performance of a PV system. 
Even a small degree of shading on part 
of an array can have a very significant 
impact on the overall array output. 
Shade is one element of system 
performance that can be specifically 
addressed during system design – by 
careful selection of array location and 
layout and in the electrical design 
(string design to ensure shade effects 
only one string). 

Module temperature – An increase 
in module temperature results in a 
decrease in performance (e.g. 0.5 
per cent per 1°C above standard test 
conditions for a crystalline module). 
Sufficient ventilation must be provided 

Graphs  illustrating daily insolation curves and the monthly and seasonal trend in 

photovoltaic system performance



5. Which of the following factors does not 
affect PV performance?

■ Orientation
■ Pitch of blades
■ Geographical location
■ Height of building

6. What is the expected average electricity 
generation from a south facing inclined 
plane, unshaded PV array in the UK?

■ 1,000 kWh per kW installed
■ 500 kWh per kW installed
■ 750 kWh per kW installed
■ 250 kWh per kW installed

7. What is the typical resultant in decrease in 
performance per 1°C rise in temperature 
above ideal conditions for a PV crystalline 
module?

■ 1.0 per cent
■ 0.5 per cent
■ 3.0 per cent
■ 5.0 per cent

8. Which of the figures below indicate the 
expected number of inverter replacements 
for a 25-year life span PV array?

■  2    ■  3    ■  1    ■  4

9. Advanced ‘smart inverters’ with two-way 
communications can provide which of the 
following benefits?

■ Reduces costs
■ Ensure grid stability
■ Reduce risk of power outages
■ Increase inverter life span

10. Which year was the ‘PV effect’ discovered 
in Bell Telephone Laboratories?

■ 1964
■ 1954
■ 1975
■ 1963
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1. Which of the following ranges shows the 
typical per cent of total primary energy 
used by buildings in industrial 
countries?

■ 10 per cent-20 per cent
■ 30 per cent-40 per cent
■ 20 per cent-30 per cent
■ 40 per cent-50 per cent

2. Which of the following statements in 
NOT true?

■ PV systems have been successfully 
used in thousands of applications.

■ PV systems are a modular 
technology.

■ PV modules are not technically well 
proven.

■ PV modules can be suitable for 
mass global markets.

3. Which of the following statements are 
true from an architectural point of view? 
(Answers B and C)

PV requires extra land areas and can 
not be utilized in densely populated 
areas.

PV does not require any additional 
infrastructure installations.

PV can provide reduced planning 
costs.

PV may not reduce transmission and 
distribution losses.

4. Which of the following describes typical 
PV array commonly applied inverter 
ratios?

■ 1:2
■ 2:1
■ 1:1
■ 1:1.08
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Purchasing energy

“ Energy in Buildings and Industry and the Energy Institute
are delighted to have teamed up to bring you this
Continuing Professional Development initiative ”
             Mark Thrower Managing Editor

By Paul Bennett, executive chairman of BSSEC

E
nergy is the lifeblood of 
commerce, business and 
industry. Organisations are 
now spending more on energy 
than they have ever done 

before, and, energy spend will only 
go in one direction in the future – up. 
Therefore, the purchasing of energy is a 
vital activity in the energy management 
and procurement profession.  

In this CPD article we will take 
a look at the energy markets and 
how legislation is impacting future 
pricing of energy. We will look at the 
two predominant energy sources of 
electricity and gas and how these 
markets operate and consider the 
information needed to procure energy 
in these markets. Finally, we will look at 
practical steps to take when procuring 
energy. 

There are many factors that affect 
energy markets and their price and 
stability including:

Global Supply – Global energy 
producers such as Saudi Arabia and 
the USA have major influence over 
oil output and prices. Coupled with 
European gas connections with 
Russia it can be quickly understood 
that the availability and price of 
energy can vary. Factors such as this 
mean that the stability of energy can 
be volatile depending upon global 
events. While gas in the UK is not 
imported directly from Russia, their 
two largest customers, Germany and 
the Netherlands, are connected to the 
UK via two major gas pipelines. 57 per 
cent of the UK’s gas is supplied from 
imports1 and this is predicted to rise 
to 93 per cent by 20402, with Norway 
supplying approximately 61 per cent of 
the gas that the UK imports.3

Political Intervention – Govern-
ments intervene in the energy market 
to attempt reforms – however this 
has directly increased energy costs. A 
sample of these reforms include the 
Climate Change Act, Renewable Energy 
Directive, Energy Act, Feed-in Tariff, 
Renewables Obligation and Climate 
Change Levy. The Climate Change Act 
(CCA) was enforced in 2008 with the 
aim of cutting carbon emissions by 37 
per cent by 2020 and 80 per cent by 
2050 against a 1990 baseline.4 Five-
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year carbon budgets have also been 
set until 2032, which act as milestones 
to achieve the 2050 reduction targets 
set by the CCA. The Renewable Energy 
Directive requires all members of the 
European Union (EU) to commit to 
producing and promoting renewable 
energy, with a target of 20 per cent 
renewable energy generation by 
2020.5 The Energy Act ensures that 
energy demands are met despite the 
discontinuation of older power plants 
and decarbonisation by investing more 
money into new infrastructure and 
schemes. Other measures in place in 
the UK include the Feed-in Tariffs (FiT) 
scheme which promotes the use of 
technologies that generate renewable 
and low-carbon electricity typically on 
a small-scale, by requiring electricity 
suppliers to make payments for the 
generation and export of electricity 
to eligible installations. Support for 
large-scale generation of renewable 
electricity is offered through the 
Renewables Obligation (RO) in which 
electricity suppliers source increased 
electricity from renewable sources. 
The Climate Change Levy (CCL) is 
a tax applied to the energy bill of 
non-domestic consumers in the UK 
to encourage a reduction in energy 
consumption and emissions unless 
they source or supply low-carbon or 
renewable fuels.

Traded commodity – Energy is 
a commodity that is traded on the 
stock exchange, meaning that prices 
constantly fluctuate and there are 
both good and bad times to purchase 
energy. Trading enables energy to be 
bought in advance, from the short term 
to much longer term. For example, 
energy can be purchased for the day, 
week, month, quarter, season, year 
and up to five years ahead. As this 
is possible, prices can be locked for 
identified volumes (a price lock is a 
firm commitment to Take-Or-Pay). 
Hedging is a different option, behaving 
like an insurance policy where a fee is 
paid upfront to guarantee a capped 
commodity price. If the market ends 
up being higher than the cap, the 
counterpart refunds the difference.

capacity – The UK infrastructure is 
ageing, has had little investment and 
is nearing capacity. 20 per cent of the 
UK’s electricity generation capacity 
has been lost since 2010 due to the 
closure of power stations, and it is 
estimated that a further 35 per cent will 
be lost by the end of 2030, however 
peak demand is expected to increase, 
adding further pressure to meet our 
needs.6  Energy distributors charge 
customers on the amount of energy 
they use, coupled with the maximum 
demand, and customers are charged 
on this peak demand whether they 

Figure 1: energy market forces

Combined heat & power 
as an energy source

“ Energy in Buildings and Industry and the Energy Institute
are delighted to have teamed up to bring you this
Continuing Professional Development initiative ”
             Mark Thrower Managing Editor

By Wayne Ward, managing director at Building Services Sustainability & Environmental 
Consultancy Ltd

C
ombined heat and power 
(CHP), or cogeneration, is 
a highly efficient process 
that capitalises on the heat 
generated as a by-product 

of the generation of electricity. Coal and 
gas-fired power stations can often be 
seen expelling wasted heat energy as 
clouds of steam from cooling towers. 
CHP systems exploit the heat energy 
that would otherwise be wasted in 
traditional electricity generation, to 
produce both electricity and heat in a 
single process.

The UK government states that 
installing CHP saves organisations 
around 20 per cent of their energy 
costs and reduces CO2 emissions by up 
to 30 per cent. The main drawback with 
CHP is that to gain maximum efficiency 
it is recommended to be operated for 
around 4,500 hours per year.

CHP has been proven worldwide 
to be an effective means of reducing 
operating costs and environmental 
damage in domestic, commercial and 
industrial scenarios. It is widely used in 
countries like the Netherlands, Finland 
and Denmark. In Finland, 82 per cent of 
electrical power generation in 2012 was 
produced via cogeneration. Germany is 
on-course to provide 25 per cent of the 
country’s power through cogeneration 
by 2020. 

It is believed that the first CHP 
application was undertaken in the 
United States in 1882 with the Thomas 
Edison-designed Pearl Street Station, 
the world’s first commercial power 
plant. This plant burned coal to 
generate enough electricity to power 
approximately 400 lamps, and the 
waste bi-product of heat was used to 
warm neighbouring buildings. The 
Pearl Street Station CHP was thought to 
be about 50 per cent efficient.

Today, CHP plants are able to work 
at an efficiency around 85 per cent, 
which is thought to be 25-35 per cent 
more efficient that the separate energy 
systems it replaces. 

Electricity is generated by burning a 

variety of fuels (e.g. mains gas, gaseous 
waste fuels, commercial waste fuels 
etc.) in an engine or turbine that’s 
connected to an alternator. During 
this process, a significant amount of 
heat is created as a by-product, which 
is usually wasted in conventional 
power generation. However, in a CHP 
application, the heat from the exhaust, 
oil cooling circuits and water jacket is 
recovered and distributed to a nearby 
heating system. This reduces the 
requirement to burn additional gas 
in a boiler or central heating system. 
Energy from CHP is nearly always 
produced locally to its end user, which 
limits the amount of energy loss due to 
transmission.  

Excess electricity generated can 
be sold to the grid, and any shortfall 
in electricity can be purchased from 
the grid. As battery technology is 
increasingly reducing in cost, further 
benefit can be derived by storing the 
generated electricity for use during 
peak times, subsequently further 
reducing reliance on the grid. In 
addition, this helps to reduce reliance 
on the grid at times of fluctuating 
demand.

There are multiple types of CHP 
engines, each suited to different output 
requirements. The size of the unit will 
depend on the calculated or estimated 
base heat load (CHP is most economic 
when the unit is sized slightly over the 
baseload heat load).

An internal combustion engine in 
a CHP unit works in a similar way to 
the engine in a motor car. The unit 
burns a fuel (normally natural gas or 
compression-ignition diesel) which 
generates motive power. The power is 
turned into electricity via an alternator. 
The wasted heat will be used to heat 
a body of water, or sometimes to 
create steam. Exhaust gases can be 
as hot at 600oC, which produces 
low temperature hot water (LTHW) 
temperatures of up to 95oC.

Electrical efficiency of these units is 
low (20 per cent), but thermal efficiency 

is slightly higher (20-40 per cent).
These internal combustion engines 

are best suited for small sites which 
a high demand for hot water in 
comparison to electricity. The ratio of 
heat to power is approximately 1.5:1 but 
decreases with size. 

Unit sizes vary from 50kWe – 
1,500kWe.

They are used in: smaller 
(decentralised) hospital buildings, 
hotels, leisure buildings, individual 
university buildings, small residential 
buildings on a district heating scheme.

Gas turbines are the most common 
prime mover on larger scale CHP units. 

In a gas turbine engine, a fuel is 
burned (normally natural gas) in a 
combustion chamber, causing heat 
and pressure to force air down the 
unit to drive a series of turbine blades. 
The pressurised air drives a generator, 
generates electricity via an alternator. 
The expelled heat is utilised by a 
heat exchanger to provide hot water. 
Typical entry temperatures are in the 
region of 900-1,200oC, with exhaust 
temperatures in the region of 500oC 
depending on the scale of the turbine. 
The heat to power ratio can be as 
high as 5:1 in certain applications if 
‘supplementary firing’ is undertaken 
(which enables control over varying 
amounts of heat. 

These setups are reported to be very 
reliable. However, they are very loud 
units, have a lower electrical efficiency 
than reciprocating engines and are not 
efficient at periods of low demand.

Smaller units (up to 500kWe) have 
a low electrical efficiency (around 
20-30 per cent) so have to be used 
with a recuperator to preheat the air 
to ensure it qualifies as ‘Good Quality 
CHP’ as defined by the UK CHP Quality 
Assurance Programme.

It is possible to get micro turbines as 
integrated packages with absorption 
cooling to enable tri-generation.

They find use in: hospital buildings 
with a district heating system, 
universities (with district heating), large 
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Energy-efficient
drives and motors

“ Energy in Buildings and Industry and the Energy Institute
are delighted to have teamed up to bring you this
Continuing Professional Development initiative ”
             Mark Thrower Managing Editor

By John Pooley, John Pooley Consultancy Ltd

T
he amount of energy used 
by electric motors is around 
45 per cent of all global 
electricity consumption. This 
gives rise to around 6,000Mt 

of CO2 each year. Motor-driven systems 
are also estimated to account for 65 
per cent of industrial electricity use. 
As a result, they need to be a focus for 
energy-saving activity.

Electric motors are normally 
purchased as part of an item of 
equipment, for example, an air 
handling unit. This means in most cases 
the end user is not the direct buyer 
of the motor. The end user often only 
becomes a motor purchaser when 
replacing the motor. When specifying 
systems that include motors, the end 
user should consider specifying what 
performance level(s) they require from 
the drive system.

Ideally, all the energy efficiency 
aspects of a motor-driven system are 
addressed at the system design stage. 
However, electric motors are not only 
efficient machines they are highly 
reliable, typically with a life span of over 
15 years. This means that opportunities 
to upgrade existing motors may be 
limited. Although the scope for motor 
replacements may be limited, there 
will be ‘legacy’ systems that offer the 

potential for retrofit improvements.
Before looking at the elements of a 

motor-driven system it is important to 
consider the purpose of the system. 
For example, a water circulation pump, 
how is it controlled? Is it running 
24x7 when only needing 8x5? The 
magnitude of savings here (in the 
region of 75 per cent) is many times 
the potential savings in the motor and 
drive system.

Motor is heart of the system
The heart of the system is the motor, to 
which is added motor control – ranging 
from a simple starter to a variable 
speed drive (VSD). Then, unless a 
direct drive system, a transmission 
system (typically belts or gearbox) is 
connected to the ‘load machine’. While 
there have been developments in 
motor efficiency the scope for savings 

in other elements of the system is more 
significant. Potential savings estimated 
by CEMEP (European Committee of 
Manufacturers of Electrical Machines 
and Power Electronics) are shown in 
the table above.

Focus on whole system
This suggests that 90 per cent of the 
savings potential occurs outside of the 
motor – hence a focus is required on 
the whole system.

This approach is reinforced by 
European Standard EN 50598 Part 2 - 
Energy efficiency indicators for power 
drive systems and motor starters. (This 
standard covers performance in the 
power range 0.12kW to 1,000kW.)

While motors come in a wide variety 
of types and sizes, the three-phase, 
ac, cage induction motor is the most 
common motor encountered in energy 
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Area of potential savings Potential saving

Increased use of energy-efficient motors 10 per cent

Electronic speed control 30 per cent

Mechanical system optimisation 60 per cent

Total 100 per cent

table 1. Potential savings estimated by CeMeP


