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Inefficient energy use in buildings is both increasingly expensive
and unsustainable. Indeed, the reduction of the energy consump-
tion of existing buildings is as least as important as the design of
new low-energy buildings. Controlling energy use is one thing,
but it is important to assess or estimate it, and to understand the
range of interventions for reducing its use and the methods for
assessing the cost effectiveness of these measures.

This book should appeal to building managers and facilities
managers and also to students on the increasing number of energy
management modules in FE and HE courses. It clearly and con-
cisely covers the various issues from a theoretical standpoint and
provides practical, worked examples where appropriate, along
with examples of how the calculations are carried out. It serves
as a handbook for those carrying out energy management in
owner-occupied buildings or working for FM organisations. It
provides a template for instigating the energy management
process within an organization. Guidance is also given on man-
agement issues such as employee motivation, and the book gives
practical details on how to carry the process through.
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CHAPTER 1
BACKGROUND

The energy problem

The problems of global warming and climate change are widely
acknowledged to be a product of man’s profligate use of fossil
fuels, and it is well known that there is an urgent need to cut our
fossil fuel consumption substantially over the next few years.
Approximately 50 per cent of our energy use, and carbon
dioxide (CO,) emissions into the atmosphere, are from the use
of energy for heating, cooling and lighting buildings. Around
25-30 per cent is used in transport, while the remainder is used
for industrial processing. At the Kyoto summit (December
1997), the United Kingdom made a voluntary commitment to
reduce CO, emissions by 20 per cent by the year 2010, and
other countries made similar commitments to reduce their use
of fossil fuels. It is clear that reducing energy consumption in
buildings can make a major contribution to achieving the reduc-
tions required, and good management of energy use in buildings
is acknowledged as an important aspect of sustainable develop-
ment. The importance of this is reflected in the Building Research
Establishment Environmental Assessment Method (BREEAM)
environmental assessment method for buildings, of which
energy consumption is a major constituent. It has been esti-
mated that businesses in Britain are losing £7 million a day
through wasted energy in offices alone. Improved standards are
required of new buildings — changes to Building Regulations
Part L in 2010 meant that carbon emissions will have to be cut
by 25 per cent compared with 2006 levels. Carbon reduction is
no longer something that is just talked about, it has become an
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integral part of the building manager’s job, and people are now
scrutinizing carefully their energy consumption and carbon
emissions, at home and at work. More ambitious recent targets
require a reduction of 60 per cent in carbon emissions by 2050.
This requires a huge change in our attitude to energy use and
generation methods, and even with improvements in demand
management we will need to generate 30-40 per cent of energy
from renewable sources — amounting to an increase of about
1200 MW annually.

Reducing global warming by lessening our reliance on
fossil fuels is therefore one reason for wanting to lower our con-
sumption of energy in buildings. Countries such as China are
expanding their economies rapidly, and with this expansion
goes an increased demand for energy, much of it provided by
fossil fuels such as oil, coal and gas. Another aspect of the energy
problem is that of continuity of supply of the amounts of fossil
fuel demanded; fuel reserves are dwindling, and many observers
estimate that oil production is already past its peak — if demand
continues to soar while supply falls, prices will inevitably esca-
late at a rapid rate, leading to severe economic and social
problems. Thus, for economic and environmental reasons reduc-
ing energy use in buildings is imperative.

Recent global increases in oil and gas prices have raised
public awareness about the cost of energy. In the United
Kingdom gas price increases of 25 per cent in less than a year
have led both domestic and business users to place a greater
emphasis on energy efficiency. Globally, energy costs are fol-
lowing a similar trend, and although there may be periods of
lower oil prices, the general trend will continue upwards. The
reduction in our reliance on increasingly expensive fuel imports
is a further driving force behind energy management.

The impact of current legislation on energy efficiency, the
use of new materials and techniques for utilizing renewable
energy, and the adoption of more energy-conscious design,
mean that most new buildings will consume much less energy
per square metre than the majority of those already existing.
Initiatives such as the Code for Sustainable Homes and the
Passivhaus standard help guide architects towards low-energy
solutions, and it is the Government’s aim to have all new housing
zero carbon by 2016, not including imports from renewable
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Figure 1.1 Effect on CO, emissions if every new building emitted at only 50 per
cent of current levels without reducing energy use in existing buildings

energy sources. The effects of climate change in the long term
will be to slightly reduce heating loads and increase cooling
loads, but they are unlikely to have a significant effect on energy
use. In most developed countries the rate of replacement of
existing buildings with new ones is very low (about 1 per cent
per year) and the time scale for substantial reductions in CO,
emissions, in the absence of any work on existing buildings, is
therefore very long (see Figure 1.1). The use of passive tech-
niques such as greater thermal mass and better use of solar gains
which help to keep consumption down in many new buildings is
only applicable to a fraction of existing buildings, and in order
to achieve a more rapid reduction in CO, levels, reducing energy
consumption in existing buildings is consequently of major
importance. Governments worldwide are instigating measures
to improve sustainability, and energy efficiency is an essential
element of all these initiatives.

Against this background, energy management attempts to
analyse where energy is wasted in buildings and identify cost-
effective solutions.

Energy use in buildings

The statistics paint a fairly gloomy picture, and highlight the
urgency of carbon reduction measures. Energy management as
described in this book is largely concerned with demand side
management: that is, reducing the demand for energy in existing
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buildings by improving the fabric, plant and management of
the building. While the use of renewable sources of energy can
contribute to reduced emissions and is discussed briefly, the
focus is on reducing demand. Once the demand is lowered, then
more carbon-efficient sources of supply can be considered.

Domestic

Within developed countries in Western Europe, between 30 and
60 per cent of primary energy is used in buildings, chiefly to
provide heating, cooling and lighting. In Britain, approximately
half of this is used in housing. The distribution of energy use
within different building types varies greatly. In housing,
approximately 58 per cent of delivered energy is used for space
heating, and space and water heating combined amount to 82
per cent of consumption. Since 1970 energy use for space heating
has risen by 24 per cent, for water heating by 15 per cent, and
for lighting and appliances by 15 per cent. Energy use for
cooking has fallen by 16 per cent. Overall electricity consump-
tion has risen by 63 per cent in the same period. Overall
electricity consumption has risen by 63 per cent in the same
period, partly due to an increase in the use of home computers
and electronic games and other entertainments.

Some of these changes are driven by changes in lifestyle and
demographics — the number of single-occupancy households has
risen sharply in the last twenty years. Central heating, which was
used in only one third of houses in 1970, is now installed in 82
per cent of dwellings. There has been a significant change in the
type of housing built in the past twenty years: more one and two-
bedroom flats, for example, to meet the changes in family
structure. In spite of the large number of houses built, it remains
the case that 40 per cent of the UK housing stock was built before
1945, and 46 per cent between 1945 and 1984, leaving roughly
14 per cent built since 1984. Much of this housing is unimproved
in terms of energy efficiency.

The greater use of central heating has resulted in higher
internal temperatures — average 18°C in 2000 as opposed to
13°C in 1970, and homeowners now tend to heat more rooms
in their houses. The effect of this on national energy consump-
tion is significant, particularly when one remembers that a 1°C



rise in room temperature equates to about 7 per cent increase in
energy consumption. While approximately 70 per cent of houses
have loft insulation, only about 19 per cent have their cavity
walls insulated, 69 per cent of dwellings having cavity walls.
Around 39 per cent of all dwellings have some or all of their
windows double glazed.

The average home energy use per year is approximately
20,500 kWh of gas and 3,500 kWh of electricity, costing £531
and £691 respectively. Consumption in kWh is split as follows:

Space heating 58%
Water heating 24%
Total Electricity 18%
Lighting 3.4%

It has been estimated that it would cost the average homeowner
£2000 to reduce their energy consumption by 25 per cent. On
the basis of the above figures, this would produce an attractive
payback period of just over two and a half years. Most of the
techniques proposed rely on reducing the load and using more
efficient appliances from conventional mains supplies, but the
use of renewables is increasing. By April 2011 there was approx-
imately 77 MW of installed photovoltaic (PV) power in the
United Kingdom, and the number of PV installations has risen
rapidly since the introduction of feed-in tariffs. Long payback
periods still deter householders from investing in these technol-
ogies, though, and small PV and wind turbine systems still have
paybacks in excess of 25 years.

Non-domestic

Non-domestic buildings cover a wide range of building types
and uses. The most common are offices, and their energy con-
sumption has been the best documented, but other building
types produce substantial emissions. Hospitals are the largest
emissions producers, with an average of 4089 tonnes of CO, per
year, while prisons are second with 2849 tonnes. Typical figures
for offices are shown in Table 1.1. As sizes vary greatly, typical
consumption figures are given in kWh/m? of treated or usable
floor area.

G punouabyoeq
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Table 1.1 Typical office energy consumption and emissions in the United Kingdom

Naturally ventilated cellular Energy kWh/m? Kg C02/m?
Heating and hot water 160 9
Cooling 0 0
Lighting 25 4
Office equipment 30 6
Total 215 19
Air conditioned

Heating and hot water 180 8
Cooling 30 4.5
Lighting 50 8
Office equipment 30 6
Total 290 26.5

After lighting, computers and monitors have the highest energy
consumption in the office. Studies show that about half are left
on overnight and at weekends — about 75 per cent of the hours
in the week. Simply turning them off at night can result in sub-
stantial savings. As an incentive to reduce emissions, it seems
likely that the Display Energy Certificate (DEC) scheme, which
at present covers only public-sector buildings, will be extended
to all non-residential properties.

Aims and objectives of energy management

Energy management in buildings is concerned with maximizing
the use of energy resources while providing the desired environ-
mental conditions and services inside the building at the least
cost. Energy management can also be applied to industrial pro-
cesses, particularly those requiring the use of heat or steam, but
here we are mainly concerned with the use of energy in build-
ings to provide thermal, visual and acoustical comfort for the
occupants. The range of building types that an energy profes-
sional may be required to examine include homes, offices, retail
premises, sports centres, cinemas, theatres, restaurants, schools,
universities, and other commercial premises.



The key aims of energy management are:

minimizing energy consumption
optimizing size of plant
maximizing energy efficiency
minimizing energy waste
reducing carbon emissions
reducing costs.

Energy management involves the measurement or estimation of
the energy consumption of a building, the provision of recom-
mendations for improvement, and the development of a strategy
for maintaining continuous improvements in the energy perfor-
mance. Typical techniques for reducing energy consumption
will be discussed in detail later. They include:

use of thermal insulation

recovery of waste heat

combined heat and power (CHP)

the use of more effective heating and cooling systems

the use of natural methods of ventilation and cooling
better use of controls for heating, cooling and lighting

a strategic approach to managing and reporting energy use.

Energy costs

The running costs of many organizations tend to be dominated
by the cost of labour, with energy accounting for only 5-10 per
cent. When savings are needed it is much easier simply to reduce
staff numbers — which also reduces a company’s capability. If a
company’s energy bill is considered as a total rather than as a
percentage of running costs, the amounts involved can be con-
siderable, and for energy-intensive industries with a small
workforce, such as the Scotch whisky industry, it may represent
up to 50 per cent of the running costs. Furthermore, sudden
sharp increases in fuel prices can cause serious cash flow prob-
lems for small and medium-sized businesses. Energy efficiency
struggles under the handicap that energy costs are often ‘invisi-
ble’, and it does not create an income. When energy costs are
reduced there is no visible increase in the income stream, often
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only a record of what would have been spent if energy-saving
measures had not been introduced.

Example

Consider a 25-year-old air-conditioned office building situated in the
United Kingdom, 100 m by 20 m with three stories, with a total annual
energy consumption of 300 kWh/m? (i.e. a fairly inefficient, but not
atypical, building).

Total floor area = 6000 m?

Total annual energy consumption =100 x 20 x 3 x 300 =
1,800,000 kWh per year

Cost at average fuel price 8p/kWh = £144,000 per year

Or £24 per sg. metre per year.

With good energy management, 10-30 per cent per year could be
saved, i.e. £14000-£42,000. Individual cases may show larger savings
for a relatively small outlay.

If we consider the total amount spent on energy by an organiza-
tion in a year, then we can see that energy management can be
worthwhile, and many savings can be made at little or no cost.

Small inexpensive changes may have a substantial effect if
considered nationwide — a 2°C lowering of temperature in
winter in all buildings in the United Kingdom would save 11 x
10'J of energy, about £900 million.

Need to comply with legislation

One of the means by which governments endeavour to lower
their national energy consumption and carbon emissions is leg-
islation. In the United Kingdom this includes the Building
Regulations, and in other countries there are likely to be various
forms of building code which must be complied with. These
tend to influence building design, as they specify such variables
as U-values, maximum energy consumption per square metre,
the efficiency of building services equipment such as boilers, air
conditioning systems and lighting, and controls. While many of
these regulations apply only to new build, gradually increasing



constraints are placed on refurbishments, building extensions
and adaptations. These regulations will only become stricter in
the coming years.

Cost-effectiveness of energy-saving measures

Part of the job of an energy manager is to optimize the available
resources. When intervention to save energy is considered, many
factors must be taken into account: not only the energy savings,
but the cost-effectiveness of the energy-saving measures. We
need to consider how much energy might be saved, the capital
investment required, the payback period, and for how long the
measure will be effective. For example, it is easy to reduce the
heat losses from a building merely by adding more and more
insulation to the walls. Although the addition of insulation saves
energy, its cost may be significant, and we have to consider how
much energy it really saves over the lifetime of the building, and
whether a better investment might be made in more efficient
plant or renewable energy sources. A simple illustration of this is
given in Chapter 2, while techniques for assessing the cost-effec-
tiveness of measures are examined more closely in Chapter 3.

6 punoubyoeq
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CHAPTER 2
ASPECTS OF BUILDING ENERGY USE

Environmental requirements in buildings

The energy requirements of a building are largely dependent on
the needs of the building occupants and the activities taking
place there. The provision of comfort for the occupants is one of
the primary functions of a building. Aspects of comfort include:

Thermal - a state of thermal equilibrium whereby the
occupant feels neither too hot nor too cold. The factors
involved are air temperature, radiant temperature, relative
humidity and air movement. In well-insulated buildings
the radiant and air temperatures tend to be very close, and
people feel fresher if the air temperature is slightly lower
than the radiant temperature. Generally people in offices
and similar buildings are happy with operative tempera-
tures 19-25°C, relative humidity 40-70 per cent, and a
small degree of air movement, generally below 0.15 m/s.
Other factors affecting the comfort temperature include
uniformity of temperature distribution, level of activity
and clothing. For these reasons, different conditions are
required in gymnasia, sports centres and swimming pools.
Both domestic and office temperatures have risen gradually
over the years as people’s style of dress at home and at
work has changed. Average temperatures during working
hours in offices are commonly 22°C in winter, and some-
times more; air-conditioned spaces often feel too cool in
summer. Allowing a greater range of temperatures in
summer and winter would lead to large savings in the long
term, at no cost.



e Visual — occupants should be able to carry out their neces-
sary tasks without visual strain. The quality of lighting is
as important as the quantity — light should be of appropri-
ate colour, glare should be eliminated, and lighting should
be suitable for viewing computer screens. In addition,
lighting for safety (e.g. exit in event of fire or power cut)
should be provided. Higher lighting levels than needed
waste energy and can lead to eye strain and headaches, if
endured over long periods.

e Acoustic — provision of appropriate acoustic environment,
without intrusion of excessive noise from neighbouring
rooms or buildings, or from the building services equip-
ment, e.g. fans, pumps, lifts.

The requirements for different building types can be found in
the appropriate national standards and regulations, or in the
Chartered Institute of Building Services Engineers (CIBSE) and
American Society of Heating, Refrigerating and Air-conditioning
Engineers (ASHRAE) guides.

Most of the information in this guide concerns technical
solutions to the problem of saving energy, but even before
those solutions are applied there is much that can be done, such
as changing people’s attitudes and expectations. For example,
insulating a house may not lead to energy savings, because the
owner may choose to use the same amount of energy as before
but enjoy a much higher temperature; similarly, two identical
adjacent houses may have energy consumption levels that differ
by 100 per cent, because of the lifestyle and behaviour of the
occupants.

There is an ongoing debate concerning thermal comfort,
and it is a widely held view that the comfort levels described
above are too narrow in range, and do not take account of the
ability of people to adapt to their surroundings. Widening the
limits considered acceptable, and the use of appropriate levels of
clothing, would permit a substantial amount of energy to be
saved on heating and cooling, without incurring any costs.
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Where and how energy is used in buildings

Energy is used in a number of ways in buildings, and the most
cost-effective interventions result from targeting the sectors
where most energy is used. This clearly depends on the building
type, construction and building services details, and the climate
in which the building is located.

In the United Kingdom most of the energy used in houses
is used for space and water heating, while in offices a much
greater proportion is used in lighting. In hot-dry climates such
as prevail in much of the Middle East, up to 90 per cent of the
energy consumption may be accounted for by air conditioning,

Other
5%

Catering
3%

Office equipment Heating

O,
9% including hot
water

19%

Fans and pumps
24% Lighting
27%

Cooling
13%

Figure 2.1 Typical energy consumption pattern for a 20-year-old air-conditioned
office building in the British climate

Lighting

3%

Cooking
3%

Water Heating Space Heating
24% 58%

Figure 2.2 Typical domestic energy consumption pattern for a private house in
the British climate



even in housing, whereas air conditioning is virtually unknown
in British houses.

The heating requirement is divided into two elements,
space heating and water heating. The space heating is further
divided into two components, fabric losses and ventilation
losses. All buildings require ventilation, and whether this is sup-
plied mechanically or naturally, it incurs a heat loss on the
building.

The heat gains in summer can be divided into a number of
elements: heat gains through the building fabric, heat gains
through ventilation air, heat gains from internal sources such as
people, and those from electrical equipment such as lighting,
computers and other office equipment.

Energy balance

A simple heat balance can be used to understand the heat flows
though a building. Energy may enter and leave the building, and
may also be stored in the fabric and contents.

Energy in = Energy out + Energy stored

While there are time lags due to absorption of heat in the build-
ing materials to varying degrees, when considered over a long
enough period the residual energy storage is small compared
with the flows in and out, and a ‘steady-state’ energy flow situ-
ation may be assumed.

ENERGY IN = ENERGY OUT

The time lags will affect heat-up and cool-down periods in
winter and summer, and comment is made on this in Chapter 8
when discussing optimum start and stop, but on a first analysis,
it can be assumed that all the heat that enters the building will
leave through the fabric, through ventilation air, or through the
cooling system, if installed.
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Energy consumption and heat gains of electrical
equipment

Much of the energy used in a building is in the form of electric-
ity, which powers lighting, computing, photocopiers, entertain-
ment, electric motor refrigerators, washing machines and so on,
and is ultimately converted into heat. While in winter these heat
gains have a beneficial effect in that they offset the amount
demanded of the heating system, in summer they are undesira-
ble as they increase the cooling load of the building.

It is unlikely that sufficient metering will be installed to
identify and quantify all the end-use applications of electricity;
monitoring exercises may reveal some information, but in the
case of most buildings at least some of the electrical gains will
have to be estimated.

For equipment with a constant consumption it is a matter
of estimating the hours used and multiplying by the power
rating.

E.=W.xh
Where

E. is the power consumed
W._is the power rating
h is the number of hours used.

Items such as computers consume a variable amount of power
depending on their state; a laptop may use 25 W in sleep mode,
100 W working on screen-save, and 200 W with the screen on
and hard drive in use.

In order to minimize energy consumption from appliances,
the most effective approach is to specify low-energy appliances
in the first instance and use them for the minimum time. Low-
energy appliances can be identified by the ‘Energy Star’ system
(US) and Energy Ratings system used in the United Kingdom
and the European Union. In the latter scheme a label specifies
the consumption and indicates a rating of A-G (A** is now
available for refrigerators) in descending order of efficiency.



Internal heat gains also include those from the occupants,
varying from just over 100 W for sedentary activities to over
400 W for heavy manual work.

The installed wattage of lighting systems can usually be
calculated by multiplying the number of lamps or tubes by the
individual rating, and making an estimate of the hours used.

Example: a large open-plan office has 180 fluorescent tubes of 54 W
each. Calculate the annual energy consumption.

Installed wattage = 54 x 180 = 9.72kW.

Hours of operation: 5 days a week, 50 weeks a year.
8.00 am-18.00 pm.

It is estimated that the lighting is on 80 per cent of the office
hours.

Total hours per year =10 x 5 x 50 x 0.8 = 2000 hours.
Total consumption 9.72 x 2000 kWh = 19440 kWh.

Reductions in energy consumption can be brought about by
using more efficient light sources to produce a lower installed
wattage and reducing the number of hours of operation at full
output.

If counting the light fittings and their individual ratings is
not feasible, then an estimate should be made. Heat gains from
lighting vary between approximately 8 W/m? for efficient
systems and 20 W/m? for poor ones, the overall consumption
being a function of working hours and the type of controls used.

If the rating of computers and other office equipment is
known, then adding the individual gains is a simple matter; in
the absence of this information, allowances for other office
equipment range from 5-15 W/m?.

It is unlikely that all the equipment and all the lighting will
be in constant use in a building. In order to allow for intermit-
tent use, diversity factors are used. A 200 W printer in use for 8
hours would produce a total heat gain of 1600 Wh. Applying a
diversity factor of 0.6 reduces the heat gain to 960 W.

Heat gains from cooking appliances are more difficult to
assess, particularly in large non-domestic kitchens, because
exhaust hoods remove a significant proportion of the heat
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directly. These are latent and convective gains; most of the
radiant gains enter the room.

Example of heat loss calculation

The U-value is a measure of the heat transfer through a building
element such as a wall and is measured in W/m?2K. It can be considered
to comprise three main thermal resistances: the inner surface resist-
ance, the resistance to conduction of the wall itself, and the outer
surface resistance. The surface resistances can be obtained from the
CIBSE and ASHRAE guides; the wall resistance is the sum of the resist-
ances of the individual layers; the resistance of each layer is simply the
thickness t, divided by its thermal conductivity k..

1

U=
R

Rt = Rsr’ * Rw+ Rso

RW:R,+R2+...
b
"ok

For a single-leaf brick wall in a ‘normal’ location (neither highly shel-
tered nor highly exposed) the following values are used:

Without insulation

t, =105 mm, k, = 0.44

R, =0.105/0.44 = 0.238
R, = 0.123 m?K/W

R, = 0.055 m?K/W

R, = 0.123 + 0.238 + 0.055
= 0.417 m2K/W
U=2.4Wm=3K".

With insulation
Adding 50 mm of insulation with thermal conductivity k = 0.035 gives:

R,.= 0.05/0.035 = 1.428
R, = 0123 + 0.238 + 1.428 + 0.055 = 1.845
U = 0.54 Wm?K".

Adding a further 50 mm of insulation gives;

R,. = 0.1/0.035 = 2.856
R, = 0123 + 0.238 + 2.856 + 0.055 = 3.273
U = 0.305 WmK".



It is clear from the example that the benefit of adding insulation
is subject to a law of diminishing returns. The first 50 mm of
insulation reduces the U-value by 1.86, while the second 50 mm
reduces it by only 0.23. Figure 2.2 shows the effect on the
U-value of adding different thicknesses of insulation to a plain
brick wall. Considering the energy savings (in terms of energy
cost) over the lifetime of the insulation, and balancing that
against that the cost of purchasing and fitting the insulation, it
becomes evident that beyond a certain point we are investing
large amounts of capital for little effect on running costs.
Complex formulae have been developed to estimate the eco-
nomic thickness of insulation in different circumstances, but
one hindrance to using them is that although present energy and
insulation costs may be known, it is difficult to predict how the
energy cost will change. A sizeable change in fuel costs has a
profound effect on the economics of insulation; as the fuel price
increases relative to installation cost, the optimum economic
thickness increases. Even for low insulation cost and high energy
cost, adding more than 150-250 mm of insulation to an exist-
ing element is rarely a worthwhile investment.

Example of insulation payback calculation

Consider a detached bungalow located in Eastern Scotland, with floor
plan 10 m by 7 m, walls 3 m high, with glazing constituting 40 per cent
of the wall area, of single-leaf brick construction, with no insulation.
The number of degree days at this location is 2234.

The U-value of the walls is 2.4 Wm=K".

Using the simplified version of the degree-day method (described in
the Appendix) the Annual Energy Consumption (AEC) to compensate
for heat losses through the walls only, with a 60 per cent efficient
boiler, is given by:

AEC = 2.4 x 61.2 x 2234 x 0.024 x 0.7/0.6 = 9187 kWh

Which at 5 p/kWh gives an Annual Energy Cost (AEc) related to the
walls of

AEc = £460/year.
Adding 50 mm insulation reduces the U-value to 0.54 Wm=2K".
AEC = 0.54 x 61.2 x 2234 x 0.024 x 0.7/0.6 = 2067 kWh
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giving an AEc of £103/year.

This results in savings of £357/year. Adding 50 mm insulation costs
£8/m? (£490) and has a payback period of 1.37 years.

Alternatively, if 100 mm insulation had been added from the outset
the energy consumption would be

AEC = 0.305 x 61.2 x 2234 x 0.024 x 0.7/0.6 = 1167 kWh
giving
AEc = £58/year

savings of £402 over the original wall. The cost of the insulation and
installation is approximately double (£980), giving a longer payback
period of 2.4 years.

In this instance the thicker insulation gives a longer payback period
and may therefore appear less attractive; however, payback period is
only one of the criteria that may be used to make a decision.

The effect of insulation on energy costs and payback depends on
the nature of the initial wall construction. For a brick cavity wall
without insulation, the figures become:

Original, no insulation, U = 1.38 Wm=K", energy cost £264

Total 50 mm insulation, U = 0.31 Wm=2K", energy cost £59,
payback period 2.4 years

Total 100 mm insulation, U = 0.22 Wm=K", energy cost £42,
payback period 4.4 years.

The better insulated the wall already is, the longer the payback period
for the insulation.

In the examples given the payback periods are relatively short, and
the measure would be expected to last for 20 years. Therefore the
total net savings (i.e. savings minus cost of insulation) in each case
over 20 years are as follows.

Single brick, 50 mm £6650
Single brick, 100 mm £7060
Cavity brick, 50 mm £3610
Cavity brick, 100 mm £3460

In the former case the net savings increase with increasing insulation
thickness, whereas in the latter, which is already better insulated, they
decrease.
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Figure 2.3 Effect of insulation thickness on U-value

Once the specific heat loss coefficient and annual heating energy
consumption have been determined, steps to identify the appro-
priate energy-conserving measures can be taken. Firstly, the
routes of greatest heat loss should be identified. If information
on ventilation rates and the U-values of the elements of the outer
envelope of the building is available, the heat loss may be broken
down into its individual components — boiler inefficiency, venti-
lation or infiltration, and loss through the building fabric. The
latter can be further broken down into walls, windows, roof
and ground floor.

Later chapters will show how some of these measurements
or estimates can be made, but for the present we will assume the
data below.

Continuing with the example of the bungalow used earlier,
the U-values of the outer envelope of the building are as follows;

Walls 2.4 W/m*K
Windows 5.8 W/m’K
Ground floor 0.5 W/m*K
Roof 0.5 W/mK
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The infiltration rate has been estimated at two air changes per
hour.

Boiler efficiency is 60 per cent.

The total heat loss is made up of the losses through all
these routes. The contribution of each element to the total heat
loss and energy bill can be calculated.

Wall area = (10+10+7+7) x 3 x 0.6 = 61.2 m?

Window area = (10 + 10 + 7 + 7) x 3 x 0.4 = 40.8 m?
Specific losses from walls, ZUA = 2.4 x 61.2 = 146.8 W/K
Specific losses from windows = 5.8 x 40.8 = 236.6 W/K
Specific losses from floors = 0.5 x 70 = 35 W/K

Specific losses from roof = 0.5 x 70 = 35 W/K

Total fabric loss = 146.8 + 236.6 + 35 + 35 = 453.4 W/K
Infiltration = 0.33nV =0.33 x 2 x 10 x 7 x 3 =70 W/K
Total fabric plus infiltration losses =453.4 + 70 = 523.4 W/K

Now the proportion of the total loss through each element can
be calculated.

Walls = 146.88/523.52 = 28%
Windows = 236.64/523.52 = 45%
Floors = 35/523.52 = 6.75%
Roof = 35/523.52 = 6.75%
Infiltration = 70/523.52 = 13.5%

These figures enable the areas for improvement to be
pinpointed.
Putting the above in order of descending energy cost:

Windows 45%
Walls 28%
Infiltration 13.5%
Roof 6.75%
Floor 6.75%

The elements that need to be targeted for improvement are those
showing the greatest heat loss, the windows and walls. While
the U-value of the roof is not particularly good and may be rela-
tively simple to improve, as only 6.75 per cent of the heat loss



occurs through that route it is unlikely to be cost effective. For
relatively simple buildings a spreadsheet model can be produced
to carry out calculations of this kind.

The heat loss through a wall can be reduced progressively
by adding more and more insulation, but there is a limit to the
useful thickness of insulation that may be applied, which
depends on a number of factors, including cost, fuel price,
climate, the building construction and its use.

Figure 2.4 shows a number of scenarios: low energy cost,
high-energy cost, low insulation cost and high insulation cost.
Even for low insulation cost and high energy cost, beyond
150-250 mm of insulation, the investment is not worthwhile in
financial terms, while for low energy cost and high insulation
cost, the optimum insulation thickness is about 30 mm in this
example. The difficulty for the energy manager is that although
present energy and insulation costs may be known it is difficult
to predict how the energy cost will change, although we can be
fairly certain that it will continue to increase. A sizeable change
in fuel costs has a profound effect on the economics of insula-
tion, as Figures 2.4 and 2.5 show.

25+

—— High energy cost o

wum High insulation cost
— Low energy cost
=== Low insulation cost o

20+

o 50 100 150 200 250
insulation thickness (mm)

Figure 2.4 Sample scenarios
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Figure 2.5 Payback period in relation to insulation thickness

Although some of the energy-consuming (and heat-producing)
activities in the building may be assessed from power ratings, it
may be necessary in some cases to make measurements of condi-
tions and energy use, and these are explored later in Chapter 5.
Investigation into the detailed energy exchanges in the building
is pursued during the energy audit, which is described in the
next chapter.



CHAPTER 3
ENERGY AUDITS

The energy audit

An energy audit is an essential tool of energy management. It is
an investigation and detailed analysis of the energy entering and
leaving a building, and is carried out in order to pinpoint those
areas where improvements in the building fabric, services, con-
trols and management can be made. The main aim of the energy
audit is to identify actions that will lead to savings in energy and
costs. Other aims include;

e reduction in carbon emissions

e improved environmental conditions for the occupants of
the building

e the development of a system for recording energy use

e the development of monitoring and targeting schemes.

The energy entering the building comes from a number of
sources; fuels, such as oil, coal, gas and electricity, and ‘free’
sources, such as solar radiation and people, which supply light
and heat. All this energy is eventually converted to heat and
leaves the building via a number of routes:

transmission through the fabric
infiltration and ventilation losses
flue losses

cooling tower losses.
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The energy is used to power:

heating equipment
lighting

cooling equipment
fans

pumps

cooking appliances
refrigerators

small power (computers, copiers, fax machines, home
entertainment etc)
larger items of machinery

e lifts and escalators.
The energy audit process may be divided into a number of phases:

Pre-survey information and data collection
The building survey

Analysis of the data collected

Formulation of energy-saving solutions
Reporting of results.

Pre-survey data collection

It is important to collect as much information as possible about
the building before embarking on a walk-round survey. A number
of sources of information may be available. The utility bills for
the building will yield useful information on the amount of energy
purchased and the tariffs paid; where a number of buildings are
supplied and paid for on the same bill, readings from any sub-
meters should be used in addition. If sub-metering is not available,
then this may be noted as a potential area for improvement. Sub-
meters may not be linked to billing, but identifying the
consumption related to individual buildings is important. Even if
a meter is not used for billing, regular readings, taken manually if
necessary, should be incorporated as part of the monitoring strat-
egy. Electricity bills will also show maximum demand charges
(see Chapter 8), and further analysis should reveal whether load-
shifting is feasible as a means of reducing these charges. A series
of bills going back a number of years will also enable long-term
trends in energy usage to be revealed.



Any plans, elevations or technical data on the building
should be obtained. These will give useful information on
dimensions, construction materials, (possibly U-values) and
important information on the building services plant, including
type, size and control strategy.

The information collected during this phase may include:

e the utility bills: gas, electricity, oil, solid fuel, water

e plans and elevations of the building, including building
services systems

e location of the building, climate

e information on the controls and building management
system (BMS)

e information on the structure of the building, U-values and
materials

e information on the building’s purpose, hours of work and
operation.

Walk-through survey

The pre-survey data collection will give a general idea of the size
and layout of the building and the type of plant used. However,
a walk-through survey of the building is essential, and will
provide much additional information which cannot be gleaned
from the plans. One purpose of the walk-through is to deter-
mine whether the building is as stated on the plans; often
changes are made such as extensions, new ventilation plant,
additional insulation, and the like, which are not noted on the
plans available. The condition of the building should be noted
too: fabric defects (including draughts caused by badly-fitting
windows and the like) contribute to energy waste, as does
missing or damaged lagging on pipes or insulation on roofs
and walls. The standard of cleanliness of light fittings is also
to be noted - if lighting output is related to daylight level,
dirty fittings may result in 20 per cent more energy being
required.

As far as possible you should determine whether the
U-values are as stated. This may be difficult or indeed impossi-
ble to ascertain without damaging the building fabric, but
interviews with building managers, engineers, caretakers and
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others can provide useful anecdotal evidence to help build up a
complete picture of the nature and operation of the building.

Detailed inspection of plant rooms is essential to confirm
the type of plant, ratings, potential efficiency, and to provide a
visual indication of the standard of maintenance. Any specific
problems such as broken valves, leaks, missing lagging and
other defects should also be noted here. In an older building,
important items of plant such as boilers may have been replaced
and the information given on the plans will be out of date. The
location of meters and sub-meters should be identified.

Conditions in the building may be measured during the walk-
through. A large range of hand-held devices is available to enable
spot reading of temperature, humidity, lighting level and CO, level
to be taken. These will only give an indication of the conditions
prevailing at the time of the survey, but can be useful in identifying
potential problems, for example with temperature control.

Other control issues may also be identified during the visit:

e Do the users have manual override for heating controls?
Are there open windows immediately above working
radiators?

Can the users adjust light levels?

Where are the light switches?

Are computers switched off at night?

Is there manual control of ventilation?

Are fans switched on at night for night cooling?

There may be opportunities (with the employer’s permission) to
interview the building users or issue questionnaires. In the
absence of extensive sub-metering, information to help with the
assessment of individual items of energy consumption should be
collected, noting what items of plant are running, whether lights
are on, and what the policy is on such matters.

Analysis of the data collected

The form and extent of the analysis carried out depends on a
number of factors: the depth of the audit, the nature of the
building, the degree to which the energy consumption data can
be disaggregated into end-uses, and the needs of the client.



It may be that sufficient information is obtained from the
pre-survey and the walk-through to make a detailed energy
analysis of the building. Alternatively, additional data may be
acquired through a monitoring exercise. The equipment required
is described in Chapter 4.

For large, complex buildings it may be worthwhile to model
the performance using proprietary software. A number of pack-
ages are available of varying complexity, allowing simple
steady-state heat loss calculations or detailed hourly simulations
of HVAC performance to be made. If reasonably accurate input
data is available, it is possible to simulate the effect on energy
consumption of changes to the building such as upgrading the
fabric insulation and improving plant efficiencies.

Where possible the measured or estimated energy con-
sumption should be compared with that of other buildings
having the same function. The Carbon Trust issues a large
number of publications outlining typical and best-practice
energy use patterns in a large range of building types, including
offices, academic buildings, theatres, health care buildings and
many others. Comparisons are normally based on kWh/year/m?.

Formulation of energy-saving solutions

The analysis of energy consumption in the building will identify
where energy use is high and where there is waste. The means by
which waste is reduced are various, and range from no-cost solu-
tions such as changes to occupant behaviour, through low-tech
solutions such as adding blinds to the windows, to highly engi-
neered and costly measures such as the installation of a combined
heat and power plant. Examples of such measures are given in
Chapter 4. When suitable means have been identified, the esti-
mated savings should be calculated, and their cost effectiveness
assessed.

Reporting
Finally, a report can be made to the client outlining;

e the present state of the building
e an analysis of current energy use
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¥
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Figure 3.1 Summary of energy audit process

The measures may be listed in order of preference using the cri-
teria specified by the client, such as lowest cost, shortest payback,
highest net present value (NPV), as required. The energy audit

identification of areas of waste and where energy can be

saved

details of the kinds of intervention which will reduce energy

use

details of the savings possible
the cost-effectiveness of the methods recommended.

process is summarized in Figure 3.1.
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Figure 3.2 Distribution of annual heat losses from a typical house in the British
climate
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Figure 3.3 Typical heat losses from an office building in the British climate
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Example of analysis of heating data

Different types of building use energy in different ways, and even heat
losses from the fabric show marked variations (see Figures 3.2 and
3.3). If the heating of a building in winter is correctly controlled, there
should be a strong correlation between energy use and external tem-
perature, therefore a plot of energy use against degree days should
yield a straight line. Such a plot, however, shows only that consump-
tion increases in winter, but reveals little in the way of detailed
analysis.

An example of how raw energy use data may be analysed using
Degree days (see Appendix 1) is given below. It is based on a building in
the UK climate which needs to be heated for about half the year. In this
instance mains gas is used for both heating and cooking, but not for
domestic hot water, and monthly bills are available. Also, monthly
heating degree day data is available for this location. Utility bills tend
to be issued on a quarterly or monthly basis, but if a BMS is installed or
manual readings are taken, then weekly or even daily data may be
available for a much finer level of detail. Large users of energy in the
United Kingdom may require automated half-hourly metering in order
to negotiate appropriate tariffs with the suppliers.

Table 3.1 Monthly gas consumption

Month Total gas consumption (m?) over period
Jan 932
Feb 824
Mar 642
Apr 461
May 83.6
Jun o1.7
Jul 80.3
Aug 741
Sep 86.7
Oct 558
Nov 734
Dec 786
Annual total 5853.4




Table 3.2 Monthly energy consumption and degree days

Month Total energy consumption (kWh) | Degree days
(gas)
Jan 10,123 576
Feb 8,963 453
Mar 6,982 324
Apr 5,015 272
May 909 0
Jun 997 0
Jul 873 0
Aug 806 0
Sep 943 0
Oct 6,063 327
Nov 7,987 434
Dec 8,546 524
Annual total 49,661 2,910
12000
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M Total Energy
6000 Consumption(kWh)
Degree days x 10
4000
2000
(0] T

Figure 3.4 Energy consumption and degree days (x 10)
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Table 3.1 shows the monthly gas consumption for the building. The gas
consumption in cubic metres is divided by its calorific value (39.1IMJ/
m?) to convert to kWh. Table 3.2 and Figure 3.4 show the kWh con-
sumption along with the degree days at the site for the same period. If
a BMS is used, external air temperatures may be recorded and accu-
rate values of the local degree days can be calculated; alternatively,
degree day values may be obtained from a number of sources. Gas is
used for both space heating and cooking, but the amount used for
each end-use in any given period is unknown. Water heating is carried
out separately, by electricity. The values in Figure 3.4 include both
heating and cooking energy; separation of the two enables a useful
plot to be made. As only one meter is installed covering the total gas
use, the data must be manipulated in order to separate it into the two
end-uses. During the months May to September inclusive the heating
is switched off entirely and no heating can be used in the building,
even if the conditions are cool enough to require it. Therefore the gas
consumption during these months is entirely due to cooking. As the
amount of energy used for cooking does not change significantly with
the season, taking the average gas consumption during the summer
months will give a reasonable estimate of the monthly cooking energy
consumption throughout the year. Subtracting this from the total
gives the monthly heating gas consumption (Table 3.3 and Figure 3.5).
10000
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M Heating Energy
5000 Consumption(kWh)
Degree days x 10
4000
3000

2000

1000
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Figure 3.5 Heating energy consumption and degree days (x 10)



Table 3.3 Monthly heating energy consumption and degree days

Month Heating energy Degree days
consumption (kWh)
Jan 9,217 576
Feb 8,057 453
Mar 6,076 324
Apr 4,109 272
May 0 0
Jun 0 0
Jul 0 0
Aug 0 0
Sep 0 0
Oct 5,157 327
Nov 7,081 434
Dec 7,640 524
Total 47,339 2,910

The revised gas consumption (for heating only) can now be plotted

against the degree days (Figure 3.6).
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Figure 3.6 Heating energy consumption versus degree days
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Figure 3.7 Heating energy consumption versus degree days for a poorly
controlled building

The regression routines as found on standard spreadsheet pack-
ages can be used to obtain the best straight line and the equation
of the line. The slope of this graph gives energy use per degree
day. Multiplying this by 24 gives W/K, the specific heat loss or
total heat loss coefficient (TLC) of the building. In practice there
will always be a degree of scatter on the graph, associated with
the normal behaviour of people in buildings, such as the peri-
odic opening of windows or doors, and variations in the number
of occupants and the use of lights, machinery or electrical equip-
ment. A number of reasons associated with the design and
operation of the building and the building services also serve to
reduce the link between consumption and conditions. Examples
of these are extreme time lags and poor control of the heating
system, an over-sized or undersized boiler, and poor control of
the boiler air supply. The scatter of points may be so great that
that it is difficult or even pointless to attempt to find the best
straight line. A high degree of scatter may indicate a serious
problem either with the heating system itself or with its con-
trols, such as a broken sensor or actuator (Figure 3.7). These
matters should be investigated thoroughly before instigating
other energy-saving measures. Problems such as these will also
tend to manifest themselves as poor environmental conditions
for the occupants — it will be too hot or too cold. Since the main



function of the building services is to keep the occupants com-
fortable, if it fails to achieve that, then the energy used is being
wasted.

A range of measures for improving the energy performance
of a building is investigated in Chapter 4, where some calcula-
tions are presented, and economic assessment is discussed in
Chapter 6.

A list of the best options can then be drawn up and pre-
sented to management in the form of an energy audit report.
The investment appraisal is based on the information provided
by the survey appraisal, and determines the final recommenda-
tions for improving the building’s energy performance.

The energy audit report should include:

1. Description of building — dimensions, materials, location,
orientation, purpose (office, workshops, labs, etc.). Hours
used.

2. Description of heating/cooling/lighting systems, air-han-
dling units, boilers, fittings, controls.

3. Thermal comfort - state whether conditions are
acceptable.

4. Energy consumption — bills, estimates. If not available,
state what you would need to do to find out — what meas-
urements to make.

5. Comments on specific points about the operation of the
buildings. Does everything work as it should, is it well
maintained, and so on?

6. List of where you think energy is being wasted, where and
how savings could be made.

7. Calculations based on 6 to show the cost-effectiveness (or
otherwise) of measures.

8. Specific recommendations based on 6 and 7,

Check list for energy audits.
Pre-inspection

Location
Building form and orientation

Floor plans and elevations
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Drawings of services layout

Areas, floor—ceiling heights

Use

External environment

Maintenance records

Alterations and improvements

Energy sources and tariffs

Determine whether the building is owner-occupied
Determine whether the owner or occupier pays the fuel bills
Determine whether heating/electricity are flat-rate or metered
Fabric survey

Roof - type, condition, insulation, condensation rooflights?

Walls — type solid, cavity material, thickness, insulation,
condensation?

Floors — type, insulation?
Doors — draughtstripping, opening type, closers, revolving?

Windows — frames, single/double condition, how well fitting,
draughty, openable area and orientation, curtains, blinds coat-
ings daylighting?

Conservatories/atria — orientation type, size, heating or not,
what used for, blinds, ventilation?

Energy supply

Electricity

Metered, sub metered, on site generation CHP?
Gas - piped, storage tank

Liquid/solid fuel — storage

Space heating

Energy source — boiler plant type, age, condition efficiency heat
recover location and type of emitters, zoning, controls, standard
of maintenance?

Check thermal comfort

Hot water — energy source, type, local or central, condition,
temperatures, control.



Ventilation — natural or mechanical — fans, size, filtration, con-
dition, ductwork, control, maintenance, heat recovery,
recirculation.

Cooling — natural or mechanical, type and size of plant, control,
heat recovery?

Lighting — type, installed wattage, age, condition, control,
cleanliness.

Computers and other office equipment — type efficiency , energy
star-ratings, use.

Appraisal of results of survey

Assess results of upgrading fabric — walls, roofs, floors and
windows. Assess cost and energy savings, and other benefits
such as improved comfort.

Windows — assess condition of window frames and need for
upgrading — this will factor into the case for double glazing.

Assess opportunities for changing window size.
Assesss effect of blinds or shading on cooling load.

Doors — assess opportunities for reducing heat losses — revolving
doors, air curtains, closers.

Energy — assess effects of switching fuels, suppliers.
Assess effects of changing boilers and/or heating system.
Consider use of heat pumps/CHP.

Hot water — assess effect of changing to/from point of use
heaters.

Ventilation — assess potential for heat recovery, changing to
natural ventilation.

Cooling — assess potential for improving efficiency, assess poten-
tial for natural cooling.

Lighting — assess potential for improving efficiency with new
luminaires or improved controls.

Refurbishment Considerations

Opportunities for instigating energy management procedures
do not present themselves continuously. Company policy may
dictate that plant may only be replaced when it has come to the
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end of its useful life, and fabric enhancement may only be con-
sidered viable during a major refurbishment. A refurbishment
programme offers some of the best opportunities to upgrade the
building fabric and install more energy-efficient HVAC and
lighting plant, and may be carried out for a number of reasons;

Change of use of building

Moving into an old vacant building

Plant has reached the end of its useful life
Building fabric is in a rundown condition
Conditions in building no longer acceptable

The level of refurbishment may include replacing carpets, parti-
tions, light fittings, boilers, heat emitters, entire heating system,
ventilation system; removal and replacement of finishes and
insulation on outer walls; fitting false ceilings, raised floors, new
internal walls; adding air conditioning units; replacing control
systems and fitting electronic Building Management Systems
(BMS). The lifetime of different elements of the building — struc-
ture, services, etc., varies (Table 3.4) and this may dictate the
extent of possible changes.

Table 3.4 Lifetimes of different elements of a building

Element Lifetime (years)
Structure 50 +

Building services 20

Cabling 12

Office equipment 6-8

IT hardware 3-5




CHAPTER 4
TECHNIQUES FOR REDUCING ENERGY
CONSUMPTION

The general strategy for reducing energy consumption should be:

e Repair faults

e Reduce loads where possible

e Use efficient plant to service the loads

e Use efficient sources of energy to operate the plant.

Once the sources of energy waste have been identified through
the energy audit, techniques for reducing this waste must be
found. These can conveniently be placed under the following
headings:

building fabric

building services plant
controls

management of the building

energy supply.

These are considered in detail in this chapter, with the exception
of controls which are covered in Chapter 8.

The availability of finance plays a considerable role in
determining the kinds of intervention possible, but practical
considerations also dictate to a large extent the kind of changes
that can be made.
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REPAIR FAULTS

Jammed valves
Faulty sensors
Damaged building fabric

¥

BUILDING CONSTRUCTION

Leaky pipes

Insulation
Double glazing
Draughtproofing

¥

IMPROVED PLANT

Appropriate heating system
Condensing boiler

CHP

Variable speed fans and pumps

¥

BETTER BUILDING MANAGEMENT

Understanding the building
Motivate staff

Switch off lights etc.
Monitor and target

Figure 4.1 Typical techniques to help reduce energy consumption

Repairing faults

Any approach to improving building performance must first
ensure that the existing fabric is sound and that plant and controls
are operating correctly. Any damage to the building fabric such as
broken windows, loose tiles, damp or missing insulation, will
compromise the energy performance and must be attended to.

Typical problems include dripping taps, leaking pipes, jammed
or broken control valves, broken or inaccurate sensors, and
clogged filters. A system of maintenance and repair should be
instigated to ensure that faults do not remain unattended for
long periods. The use of a building management system (BMS)
(see Chapter 8) often proves to be of help in detecting some of



these problems. Building management problems which can be
solved easily and which will produce quick results include the
following.

Items left on overnight such as computers, photocopiers and
printers

Simple solutions may have far-reaching consequences — switch-
ing off our computers before we leave work can save 70 per cent
of their energy consumption. Some energy-consuming appli-
ances such as de-icers for external steps, ramps and car parks
may be on without anyone knowing. Escalators which continue
running when the building is closed will consume considerable
amounts of energy over a year.

Building fabric

Heating, cooling and lighting constitute the major energy users
in most buildings, and are largely determined by the basic form
and construction of the building, which normally cannot be
altered. However, major refurbishment may present opportuni-
ties to add a conservatory or atrium, add rooflights or lightshelves
to improve daylighting, or even to change the proportion of
glazing on the fagcade. All of these could enhance the building’s
energy performance. The greatest opportunities for fabric
changes lie in adding thermal insulation, replacing single glazing
with double glazing, and reducing infiltration by installing
draught-proofing materials.

Insulation

Insulation added to the inside of a wall reduces the usable floor
space to a small extent, but cavity or externally applied insula-
tion do not. Externally applied thermally insulated cladding is
particularly useful for high-rise flats; it is easier to install than
internal insulation to each flat, and is cost-effective. External
insulation also retains the thermal mass of the building, which
helps to mitigate temperature variations. The effect of this
thermal mass is lost when internal insulation is used. In houses
the easiest location to add insulation is in the loft space, as the
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process of installation causes little disruption, and a thick layer
may be used without intruding on the living space.

Insulation of ground floors in existing buildings is easiest
with suspended floors, provided there is sufficient crawl space
underneath; there are a variety of arrangements of insulation, uti-
lizing rigid insulation boards, or loose-fill mineral wool supported
by netting (Figure 4.2). Insulation of solid floors is more difficult,
but strong rigid insulation boards can be laid on top of concrete
floors, and wooden flooring laid over the top. This of course raises
the floor level, causing significant additional work and costs.

Insulation sometimes fails to deliver the anticipated energy
savings. The occupiers may allow internal temperatures to rise,
since they can now afford more comfortable conditions; also,
after some time loose-fill insulation may settle, leaving uninsu-
lated areas. The effect of studding to support the insulation
should is sometimes ignored (Figure 4.3) —it has a higher thermal
conductivity and increases the effective U-value, but if the
correct U-value calculation is used, this will be taken into
account.

Cavity insulation may fill all or part of the cavity (Figure
4.4), and produces different U-values. A 100 mm cavity with
partial fill of 50 mm insulation has a thermal resistance value of
1.38 m?K/W, while filling the cavity completely with insulation
would produce a value of 2.5 m*K/W. Normally in a retrofit
beads are blown into the cavity to produce full cavity insulation.

[ [
L [ [ L L

Figure 4.2 Insulating below suspended floors



Insulation

Studding

AVAVAVAVAT

Plasterboard Wall

JAVWANE/AVANEVAWAN

Figure 4.3 Internal insulation supported by studding. The studding has a higher
conductivity than the insulation, resulting in a higher overall U-value.

NVAVAVAVAV

Partial Full

Figure 4.4 Partial and full cavity wall insulation

Thermal bridging

In all building elements there may be thermal bridges: that is,
areas of low thermal resistance connecting the inner and outer
surfaces, through which heat passes relatively easily. These can
significantly reduce the effectiveness of insulation in comparison
with the estimated reductions in energy consumption. Such
bridges typically occur at corners, window cills and soffits.
Careful detail design is needed in order to avoid these (Figures
4.5 and 4.6), but in many instances the basic building structure
means that they are unavoidable.

The thermal bridge through the window frame can be
avoided by using frames that have a thermal break, although the
cill and soffit may still constitute a thermal bridge.
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JAVAVAVAVS

AVAVAVAVAN

Figure 4.5 Thermal bridge at a balcony. Heat flowing out of the building can
bypass the wall insulation unless the floors and ceilings are insulated.

AVAVAVAVAVA

AVAVAVAUVAN

Figure 4.6 Thermal bridge at a window

Reducing cooling load

Cooling loads in office buildings have increased greatly in recent
years to due to the almost universal use of computers. The addi-
tional loads may amount to 10 W/m? or more. Reducing the
solar gains by the use of internal blinds and shades is a cost-
effective way to reduce the overall cooling load, and may help to
reduce the peak gain in a south-facing room by 15-20 W/m?. At
a higher level of investment, external shading, fixed or movable,
can be even more effective.



Ventilation and draughts

Reducing draughts is another cost-effective technique and can
be achieved in a number of ways. In dwellings the application of
draught-proofing material round the edges of doors and
windows is usually sufficient, while in commercial premises, the
use of revolving doors and automatic door closers should also
be considered.

Calculations showing the effects of insulating buildings,
and other interventions are given in Case Studies 1 and 2 and
Appendix 1.

Building services equipment

The building services equipment uses most of the energy con-
sumed in a building. For maximum energy efficiency it should
be appropriate to its function, operate efficiently, and be cor-
rectly sized. Many systems are significantly oversized and
therefore run at much less than optimum efficiency. It is worth-
while investing in smaller or more efficient items of plant where
feasible, as small changes in the rating of a piece of equipment
may lead to large reductions in lifetime energy use. For instance,
an 11 kW motor costing £700 can consume £67,000 worth of
electricity over its lifetime of ten years, and a small increase in
capital cost to acquire a machine of greater efficiency will pay
for itself very quickly.

Heating system

Choosing the right heating system has important energy impli-
cations. Some systems such as warm-air heating have an output
that is almost totally convective, while others are predominantly
radiative. Radiators used in central heating systems emit between
30 and 70 per cent of their energy by radiation, depending on
the design and the surface temperature. Older systems often
have large cast-iron radiators which contain a large volume of
water, have a high thermal mass and therefore a slow response.
More modern radiators are thinner and contain less water,
therefore they are capable of more rapid response to conditions
and provide greater efficiency.
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In buildings with high ceilings, a warm-air system may
turn out to be very inefficient, since the warm air will rise
towards the roof. Destratification fans and ductwork can be
fitted to direct the warm air back to ground level and reduce
temperature gradients, improving efficiency. Often such spaces
are better heated by high-level radiant heaters, which beam
radiant heat directly to the occupants and surfaces. Intermittently
heated spaces with large amounts of thermal mass may also
benefit from high-level radiant heating which heats the occu-
pants directly. An efficient alternative is underfloor heating,
which requires lower water temperatures and can be used effec-
tively with efficient sources of heat such as heat pumps and
condensing boilers.

Boilers

Modern conventional gas and oil-burning boilers for heating
systems are very efficient, and can reach a maximum efficiency
of 75-85 per cent at or near maximum capacity. At lower load
fractions efficiency may drop significantly, because of the stand-
ing losses. When a large heat load needs to be met, it is usually
more efficient to use a number of small boilers, since one small
boiler at or near maximum efficiency is more efficient than a
large boiler at low load.

Condensing boilers

Although conventional boilers are now very efficient, even
greater efficiency can be achieved by using condensing boilers.
When a fuel such as natural gas is burnt, it produces carbon
dioxide (CO,) and water vapour.

CH, + 20, —» CO, + 2H,0 + water vapour

Since the water is in the form of vapour at an elevated tempera-
ture, the heat content is significant, and if it is allowed simply to
disappear up the flue then it is lost. The latent heat and some
additional sensible heat can be recovered by using condensing
boilers, which are available from domestic scale upwards. After
combustion and passing over the main water tubes, the flue



gases pass over further heat exchange surfaces where the water
vapour condenses out (see Figure 4.7). Near the top end of the
load cycle, the efficiency of such boilers is about 10-15 per cent
greater than for a conventional boiler, and even when not oper-
ating in the condensing mode, some advantage is obtained due
to the greater heat transfer surface. Condensation can only take
place when the return water is at a temperature less than about
59°C. The lower the return water temperature, the greater the
degree of condensation and the higher the efficiency of the
boiler.

Condensing is particularly effective for a system with a low
water return temperature such as underfloor heating. A 250 kW
boiler with a 40°C return water temperature produces 14 I/hr
condensate, therefore a drain is required to remove it. The con-
densate is slightly acidic, therefore the drain should be of plastic,
and stainless steel flues are preferred since copper and cast iron
are susceptible to corrosion. A fan is normally required to
remove the flue gases, which are cooler (at 55-100°C) and there-
fore of lower buoyancy than in a conventional boiler. The cost
is 30-50 per cent higher than a conventional boiler and the
payback period is two to five years.

Table 4.1 Efficiency of a condensing boiler at a range of return temperatures

Mode Efficiency %
Non-condensing 85
Return temp 40°C 90
Return temp 30°C 95
Return
from Return
system from
N system
Flow to Fan Flow to
’:| system & j—’—| system
[\ M) Condensing 6 6
U region U
Burner Burner

Condensate drain
Non-condensing boiler Condensing boiler

Figure 4.7 Conventional and condensing boilers
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Variable speed drives (VSD) for pumps and fans

Pumps consume about 12 per cent of the world’s electrical energy,
and most of them consume over 50 per cent more than they
should if designed, specified and used correctly. The energy use
over its life cycle is many times the cost of a pump, so it is worth-
while investing in more efficient pumps and control devices. Older
heating, ventilation and air-conditioning (HVAC) systems often
have only single-speed fans and pumps, while newer ones may
include two-or three-speed plant. Since pumps and fans need to
be sized to meet the maximum demand, for a substantial propor-
tion of their life the load is only a fraction of this and energy is
wasted. Figure 4.8 shows the operation of a fan in a ventilation
system. Where the fan curve and the system curve cross (A) is the
operating point, and the power consumed by the fan is given by
the area ADOG. When demand falls the airflow rate is reduced
by closing a damper, resulting in an increased pressure loss and
reduced flow, and shifting the operating point to B.

The power consumption is now given by the area of rectan-
gle BEOH, which is little lower than the original value, although
the flow rate has fallen by almost 50 per cent. An alternative way
of restricting the flow is to use an inverter drive, which allows the
flow rate to be reduced by slowing down the fan, resulting in a
corresponding lowering of the energy input; thus the power con-
sumption at flow rate E is given by the area CEOF, around one
quarter of the value obtained by using dampers. Annual fan and
pump energy savings of over 60 per cent are claimed by users of
VSDs, which in many cases can be retrofitted to existing systems.

Pressure
head

Fan
curve

Flow rate

Figure 4.8 Operation of a variable speed fan with inverter drive



Sample calculation

For pump efficiency of 80 per cent and VSD efficiency of 87 per cent,
the flow rates, pressure drops and power consumption at points A, B
and C in figure 4.8 are as follows

Flow m3/s Pressure Pa Power
A 8 220 2200
B 6 230 1725
C 6 85 732

While the flow rate has fallen by 25 per cent, in case B the energy con-
sumption has fallen by only 21per cent but with the VSD the
consumption falls by 67 per cent.

Domestic hot water

In homes, hot water can represent up to 25 per cent of the
overall energy demand, and almost half of the heating require-
ment; in a well-insulated building it may even constitute the
dominant heat load. In offices the proportion is lower, but when
refurbishing it may often be more efficient to use point-of-use
water heaters, even if electrically heated, as this avoids the need
to use the boiler during the summer months.

Heat pumps

A heat pump used in heating mode upgrades low-level heat by
extracting it from a source such as the air, the ground or running
water, and releasing it at a higher temperature to provide space
heating in a building. It employs a compression-refrigeration
cycle and a pump which is usually electrically driven, and is
therefore useful where there is no mains gas supply. Heat pumps
are supported by the British government under the renewable
heat incentive (RHI). Their advantages include reduced servic-
ing, no boiler, high security, long life, no flue or ventilation and
no local pollution. In appropriate situations they can save
money and reduce carbon emissions.
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The efficiency of the system is defined by the coefficient of
performance (COP), which may have different values for heating
(COP,) and cooling (COP,). Typical values range from 3—4 for
COP,, and 2.8-3.6 for COP.. They are defined as:

CoP. = Evaporator duty
" Compressor power

Condenser duty
COP. =
Compressor power

The COP falls as the temperature difference between the evapo-
rator and condenser increases. At large temperature differences
supplementary heating may be needed, adding to the capital
costs.

Heating mode
Air-source heat pump (ASHP)

Air-source heat pumps have the advantage of relative simplicity;
a fan blows air over the evaporator coil located on an outside
wall of the building (see Figure 4.9). Installation of ASHP is
relatively cheap, but they suffer from the drawback that the
temperature of the air is at its lowest when the greatest amount
of heat is required, leading to low values of COP at high load.
Also, as heat is extracted from the external coil, regular defrost-
ing is necessary. ASHPs are therefore of most benefit in moderate
climates. Typically an air source heat pump can provide 85 per
cent of the heat for a building, and a conventional boiler will
provide the rest. ASHPs have a typical COP of 4.4 at an air tem-
perature of 7°C and a flow temperature of 35°C.

Evaporator
Condenser

External coil

Hot water flow and
return to heating
— system

Figure 4.9 Air-source heat pump



Use of water as heat source
Closed-loop system

Because of its high thermal capacity, the temperature of a body
of water varies much less than that of the air. As a result, the
severe falling-off in COP experienced in air-source systems in
severe conditions is much reduced. Sea water in estuaries and
water in rivers has been used successfully in this way. In these
systems water is used as the circulating heat transfer medium,
passing through a heat exchanger on the evaporator side and a
coil placed in the water.

Open-loop system

An alternative to a circulating system is an open-loop system
which uses water that is pumped from a deep borehole and passes
over the evaporator coil, after which it is led to a soakaway. The
temperature of the water is close to that of the ground, which in
the United Kingdom is between about 9 and 12°C; it is therefore
often used for low-cost cooling (Figure 4.10). The running cost of
this is considerably lower since the only energy input is that
required to pump the water from the ground. The effective coef-
ficient of system performance (COSP) lies between 10 and 100.

Cooling coil in building

—

Heat pump

Water drained to
soakaway

Water extracted
from borehole

Figure 4.10 Once-through system
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A licence to extract water is normally required (from the
Environmental Protection Agency (EPA) in England and Wales
or the Scottish Environmental Protection Agency (SEPA) in
Scotland). The agency may also insist on additional require-
ments such as returning the water to the aquifer, and there are
also charges (currently £10-25/litre in the United Kingdom),
which may affect the feasibility of a scheme. Water quality
should be high, with low dissolved solids, and available flow
rate should be 25-50 I/s. The additional capital costs may be
considerable, and include the drilling of test boreholes.

Some notable large developments have used groundwater
in association with heat pumps or other systems, including
Portcullis House in London, an office block for MPs. The
Scottish Parliament building in Edinburgh uses water from a
spring for ‘free’ cooling and expels the water to ponds in the
grounds.

Ground source heat pumps (GSHP)

The ground a metre or more below the surface of the United
Kingdom has a relatively stable average temperature, ranging
from 9°C in the far north to 12°C in the south, while in hot cli-
mates such as India and the Far East it may reach 20-30°C. A
circulating coil is buried in the ground, and heat exchange
between the ground and the water in the coil reaches around
5SW/mK. Two approaches may be used, a vertical coil or hori-
zontal. The vertical coil system is more expensive, since to
achieve sufficient heat transfer a deep hole, perhaps 80-150 m
deep, is required. It tends to be used when the ground area is
insufficient for a horizontal coil. A high COP can be achieved,
but at an increased capital cost, and cooling capacity is about
500 W/m? of ground area.

A horizontal coil is more common, and typically uses
trenches 1.5 m deep, the optimum depth in terms of overall
costs. A much larger area of ground is required, 200-300 m?
being required in order to extract 10,000 kWh/year at a heat
exchange capacity of about 30 W/m? ground area (Figure 4.11).
The coils can be laid in a number of ways: single pipe, multiple
pipe and spirals. The spiral or ‘Slinky’ pipes have coils 60 mm
diameter and require about 30 per cent less area than straight
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Heating coil in room

Coil in ground - heat extracted

Figure 4.11 Ground coil in heating mode

pipes, but a greater overall length of pipe is required for the
same cooling capacity. Where single pipes are used they should
be at least 0.3 m apart, and trenches should be separated by
2 m.

GSHPs operate over a range of water input temperatures,
with typical evaporator temperatures between -5 and + 12°C
while the condenser temperatures range from 50-55°C
maximum. This temperature is too low for a conventional radi-
ator system but may be used with warm air or underfloor heating
systems. It is also too low for domestic hot water, which must
be at a minimum of 60°C to reduce the risk of legionella; a sup-
plementary heater, usually electric, can be used after pre-heating
the water to 50°C with the heat pump. Problems may arise if the
fluid in the ground loop is below 0°C, as freezing may cause
ground heave. Typical COP for a GSHP in UK conditions are
shown in Table 4.2.

COPs of 3.5 and over give a significant advantage over gas-
fired heating. On average a GSHP produces 65 per cent less CO,
than oil-fired heating, and 45 per cent less than gas.

Table 4.2 Typical heating COP for a range of temperature outputs

Water temperature°C CcoP
55 2.4
45 3.2
35 4.0
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Design considerations

A heat pump may be designed to cover full load or part load.
Part-load systems significantly reduce the capital cost and would
normally be sized to cover about 50 per cent of the load under
winter design conditions. On this basis for most of the year the
pump would provide 90-95 per cent of the heating require-
ments. Top-up heating to cover the lowest temperatures may be
provided by low-capital-cost electric heaters or, particularly for
dwellings, wood-burning stoves. The source of heat and the
type of heat distribution should be matched according to tem-
perature requirements (Table 4.3).

Domestic heat pump use

Although heat pumps are becoming more popular in the United
Kingdom, their use is not as widespread as in Scandinavia and
some other regions. Packaged units which combine an air-source
heat pump and top-up heating, together with controls, are avail-
able, and may also include domestic hot water and cooling
options. Such systems may also be used in combination with
fossil-fuel boilers (connected in series to the heat pump) where
the heat pump provides pre-heated water to the boiler for the
coldest periods. For refurbishment projects the boiler may also
be connected in parallel with a heat pump of lower capacity so
that the boiler covers the full load at extreme temperatures.
Whether the fossil-fuel boiler or electric heat pump is the most
cost-efficient supplier of heat is determined by the relative fuel
costs. Such a system provides the flexibility to use the cheapest
fuel option at the time.

Table 4.3 Temperatures required for different heat distribution systems

Heating system type Temperature°C
Underfloor 30-45
Low-temperature radiators 45-55
Radiators 60-90
Warm-air 30-50




Controls for heat pumps

The most energy-efficient form of control uses a variable speed
drive to the compressor via an inverter. In this way the output
of the pump can be matched to the demands of the building, and
as the required heat output falls, so does the energy input to the

compressor.

Performance comparison

A comparison between the performance of different technolo-
gies is shown in Tables 4.4 and 4.5 for heating and cooling
respectively. Generally, heating is cheaper and results in fewer

CO, emissions per kWh than cooling.

Table 4.4 Comparison of heating performance of condensing boiler, air source
heat pump and ground source heat pump

Condensing Air source Ground source
boiler heat pump heat pump
Heating load (kW) 40 40 40
Seasonal efficiency 88 300 400
(%)
Energy input (kW) 454 13 10
Cost of energy (p/ 4.5 1.0 1.0
kWh)
Hours run 2000 2000 2000
Cost of input energy 4086 2860 2200
(£)
CO, emitted (kg) 21.6 14.2 10.75

Table 4.5. Comparison of cooling performance of air source heat pump and

ground source heat pump

Air source heat pump | Ground source heat
pump
Cooling load (kW) 40 40
Seasonal efficiency (%) 280 320
Energy input (kW) 35.7 31.25
Cost of energy (p/kWh) 1.0 1.0
Hours run 500 500
Cost of input energy (£) 1963 1718
CO, emitted (kg) 15.3 13.2
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Ventilation and waste heat recovery

Natural ventilation is obviously the lowest energy-cost option, but
in cases where mechanical ventilation is unavoidable, fan motors
should be fitted with VSD as described earlier in the chapter.

In housing we try to minimize the ventilation and infiltra-
tion rates in winter in order to keep heating loads down.
However, when a high ventilation rate is essential, as in some
light industrial processing applications, then energy costs can be
kept low by recovering heat from the waste ventilation air.
Devices used for this purpose include plate heat exchangers,
run-around coils, and thermal wheels. In ventilation applica-
tions air—air plate heat exchangers are frequently used where the
inlet and outlets may come close to each other, and thermal
wheels have been used successfully in many applications. Plate
heat exchangers and thermal wheels have an effectiveness
between 70 and 80 per cent, and run around coils up to 85 per
cent. Pressure drops within the heat exchangers should not be
ignored, and may reach 100-200 Pa in a thermal wheel and up
to 250 Pa in run-around coils. Where there is a substantial dis-
tance between inlet and outlet, run-around coils are more
appropriate. Mechanical ventilation with heat recovery (MVHR)
has been used successfully in ‘problem’ housing to reduce exces-
sive moisture, combating condensation and mould growth, thus
saving money on maintenance and decoration in the long term.
The energy costs of ventilation can be reduced by using demand-
controlled ventilation, based on room CO, levels, combined
with the use of inverters to control variable-speed fans.

Combined heat and control (CHP)

A CHP system is a heat engine that produces electricity through
a generator and is able to make use of the rejected heat from the
engine in a water or space-heating application. Many small
CHP units use diesel or gas power and have similar reliability
factors to conventional boilers; availability factors of 95 per
cent and over are common. The great advantage of CHP is that
overall energy efficiency is in the region of 80-90 per cent, as
shown in Figure 4.12. A typical energy balance is shown.



50% High
grade heat

10% Low
grade heat

10% Flue
loss

100% Gas

25% Electricity

Figure 4.12 Outputs from a combined heat and power (CHP) system

Low-grade heat refers to heat emitted at 35-45°C, while high-
grade heat has temperatures in the region 70-85°C. The viability
of a CHP system depends on a number of variables: a simultane-
ous demand for heat and electricity, the ratio of heat to electrical
load, the capital cost, the fuel costs for the system, and the cost
of the alternative (usually mains) electricity and heat. Viability
depends to a large extent on the ‘spark spread’, that is, the dif-
ference in utility rates. To make CHP worthwhile the cost of
electricity should be three times the cost of heat.

General CHP considerations

In general, a CHP system needs to operate for at least 4000
hours per year to be cost-effective. If well designed, it can give a
payback period (PBP) of three to five years.

Figure 4.13 shows a typical CHP system which consists of
an engine or turbine, a generator, a heat recovery system, an
exhaust system and a control system.
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Flue

Hot water out

AC out

Fuelin

Engine Generator

Cooling water in

Figure 4.13 CHP schematic

CHP systems are defined as micro (<5 kW), mini (5-30 kW),
small (up to 5 MW), medium (5-50 MW) and large (>50 MW).
Larger applications may use gas turbines or steam systems, while
Stirling engines are used only for domestic-scale systems, where
electricity production is low. Many small-scale units having an
electrical output up to 1 MW use automotive-derived engines
altered to run on gas.
The heat to power ratio is typically as follows:

up to 3:1 microturbines
up to 2:1 engines
1:1 fuel cells.

Dual-fuel engines tend not to be used as they are not optimized
for efficiency for either fuel, therefore their potential CHP effi-
ciency is low.

Most of the heat (50 per cent) is recovered from the engine
cooling jacket and the exhaust system in the form of low-tem-
perature hot water (LTHW), with low-grade heat being the
remainder (10 per cent). The heat from the exhaust gases is
recovered using a gas-to-water heat exchanger with the heating
circuit water flowing directly through it. A further condensing
heat exchanger may be added to remove latent heat from the
flue gases. A buffer tank may be installed between the CHP and
the hot water return to reduce frequent cycling.

As connections to the mains will normally be maintained,
agreements have to be made with the local distribution network



organization. If the electricity generation is less than 16A per
phase a less formal arrangement is required but the distributor
must be informed.

Criteria for installing CHP

A reasonably large heat load should exist over the greater pro-
portion of the year, to enable the plant to run for 11 hours per
day for the whole year, or 17 hours per day for eight months of
the year. Heat and electrical loads should be simultaneous,
space should be available for the unit, and the electrical load
should remain above the output of the unit for most of the oper-
ating hours. Mini CHP should be sized to match the base heating
load to maximize running hours, and in a mixed system the
CHP should be the lead heating appliance. If the CHP is replac-
ing gas for heating, then any gas used for cooling should be
discounted, as it cannot be replaced by CHP heat. The overall
fuel efficiency should be in excess of 75 per cent.

In order to qualify for government incentives such as a
Climate Change Levy (CCL) exemption under enhanced capital
allowances, the CHP needs to meet a certain quality standard. A

Quality Index (QI) is defined as:
QI = 249npower + 115nheat

where power efficiency npower = total power output (MWhe)/
total fuel input(MWh)

Heat efficiency (nheat) = Qualifying heat output (MWTh)/
total fuel input (MWh)

The constants 249 and 115 are related to the alternative elec-
tricity supply and alternative heat supply options displaced by
the CHP. Qualifying heat output is the amount of useful heat
supplied annually from a scheme that can be directly shown to
displace heat that would otherwise be supplied from other
sources. QI should be at least 105 with a minimum power effi-
ciency of 28 per cent to qualify, and metering is required for
input and both outputs.
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Example of CHP calculation for residences at a university
campus in the United Kingdom

In this example heating is provided by gas and cheap off-peak electric-
ity is available at night. It is generally not cost-effective to run the unit
during the night because of this lower cost. For the campus, mains
natural gas is the obvious fuel for the CHP as it is already available at
a favourable tariff.

Current energy use for residences is:

Consumption kWh Cost £
Electricity @ 11p/kWh 874,564 £ 96,202
Gas @ 4.5p/kWh 2,679,311 £120,568

taking existing boiler efficiency as 80 per cent and with an estimated
load factor of 75 per cent.
For year-round base load operation, we need the hourly useful heat
load (H,) averaged over the summer months.
(Hype + Hyyy + Haugus) % boiler efficiency
(No of days x Hours per day)

H, (kWh) =

_ (116728 +140188 +120036) x 0.8
' (89 x 20)

H, = 169 kW.

(EJune + EJuIv + EAugust) X F

E =
- (89 x 20)

Where F is utilization and is 1 for separate day and night metering,
0.85 for flat rate metering.
(53832 + 58335 + 50026 ) x F
(1780)

=77.45 kW.

Therefore average daytime low electrical demand is 77.45 kW. If no
electricity was exported, then CHP would need to have an electrical
output of no more than 77.45 kW. The electricity cost for this period =
£17841 and gas cost = £16,962.



Selecting from a manufacturer’s table of outputs, unit A would be
suitable, with an electrical output of 77 kWe, a corresponding heat
output of 123 kW and a gas input of 233 kW. Savings are worked out as
follows:

Unit A
Savings p/hour Total p/hour
Electricity 75 x 11 825
Gas 125/0.8 x 4.5 703 1528
Costs
CHP gas 233 x 4.5 1048.5
Maintenance @ 0.7p/kWh, 52.5 1101
Electricity generated = 0.75 x 75
Net benefit 427

The saving is £4.27 for every hour of CHP operation. Therefore the
annual number of operating hours can be given by the load factor x
total hours per year = 0.8 x 8760 = 7008 hours, minus 5 days per year
for servicing = 6888 hours. Therefore the potential hours of operation
are 6888, multiplied by 4.27 gives annual savings of £29,411.

Since the electricity could be exported, a base heat load sizing
method could be used. Unit B, with an electrical output of 85 kW and a
corresponding heat output of 143 kW, and gas input of 254 kW could

be used.

Unit B
Savings P/hour Total p/hour
Electricity 85 x 11 935
Gas 143/0.8 x 4.5 804 1739
Costs
CHP gas 254 x 4.5 143
Maintenance @ 0.7p/kWh 63.75 1206.75
Electricity generated = 0.75 x 85
Net benefit 533.75p/hour

Net saving is £5.33 for every hour of CHP operation, and the annual

potential savings are £36713.
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The CO, savings from such a scheme can also be estimated. The CO,
saved per hour from electricity generation by the CHP unit as opposed
to buying it from the grid equals 70.55 kg. There is, however, an
increase in the use of gas. The existing CO, emission for gas equals
35.75 kg/hour, and the new CO, emissions are 50.8 kg/hour. Therefore
there is an increase of 15.05 kg/hour. The net benefit is therefore
70.55-15.05 = 55.5 kg of CO, saved per hour. This results in an annual
saving of 382 tonnes of CO, per year.

In this case there is no demand for cooling, as it is not justified by
the climate.

Combined heat and power summary

The general design procedure is to identify the heat demand
profile and the electricity demand profile and size according to
the heat load. It is best to avoid heat dumping by use of thermal
storage, which enables electricity sales to be maximized. The
inclusion of a large number of diverse users affords opportuni-
ties to even out loads over time, thus making for greater
efficiency.

Air conditioning

Where there is an existing air conditioning (a/c) system signifi-
cant improvements may be difficult to effect, but regular
servicing and maintenance should be implemented to achieve
optimum performance. Many a/c plants are oversized to cope
with the hottest conceivable day, with some capacity to spare;
as a result, compressors run most of their lives well below full
load and with low efficiency. A refurbishment may offer oppor-
tunities to replace some items of plant with smaller, more
efficient units. Changes to the building fabric and operation
may reduce some of the plant loads significantly to allow this.
Night ventilation to reduce the daytime cooling load by
reducing building fabric temperatures is often incorporated into
the design strategy of new buildings, and may be implemented in
an existing building. The feasibility of the doing so will depend on
a number of factors, such as the structure and layout of the build-
ing, the expected outdoor temperatures, and the daytime heat



gains in the building. In a heavyweight building where night tem-
peratures fall well below 20°C and there is a cooling load during
the day, then night cooling should be seriously considered. It is
essential that there are sufficient internal openings to allow the
ventilation air to flood the building, but security should not be
compromised. If daytime temperatures exceed 36°C then night
ventilation is unlikely to have a significant effect.

Among the possibilities for improving energy efficiency is
the replacement of mechanical ventilation and a/c with natural
ventilation. To assess the viability for natural ventilation the fol-
lowing considerations should be borne in mind.

Environmental

Peak summer heat gains — if they are in excess of 40-50 W/m?
then mechanical ventilation or air conditioning are likely to be
necessary. Noise from roads or railways entering the building
may be a serious problem with a naturally ventilated building.
The noise level should be at most 70 dB at the facade to achieve
an acceptable level of 50-55 dB with windows open. Airborne
pollution from traffic on roads may be unacceptable. The pres-
ence of a prevailing wind should be noted as it may affect the
strategy adopted. The effect of surrounding buildings, and on
them, with respect to light, wind movement and sound, should
be considered.

Building

Shallow-plan buildings are easier to naturally ventilate than
deep-plan. For single-sided the maximum depth is 7-10 m, for
double-sided cross ventilation (open plan) up to 15m is
possible.

The specific fan power (SFP) indicates the number of watts
required to move 1 litre of air per second, and for new fans in
ventilation and a/c systems should be as low as possible. The
current maximum allowed is 0.8 W/I/s and it is likely that the
Building Regulations will require a figure of 0.6 in future.
Electrically commutated (EC) motors are more efficient, and
can give a SFP of 0.3 compared with 0.8 in a conventional
motor, and speed can be controlled better and more efficiently.
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Lighting

Lighting accounts for a significant proportion of energy costs in
commercial buildings and therefore presents huge opportunities
for savings. Although heating is the major user of fuel, because
of the cost differential between heating fuels and electricity,
lighting may represent 30-50 per cent of the total energy bill.

When a room is too warm we notice very quickly, and
make adjustments to the temperature, but we do not necessarily
notice when there is too much light, as the eye can adapt over a
wide range of lighting levels. Because of this, lighting is often
poorly controlled. Energy can be saved in lighting in a number
of ways — by increasing its efficiency, by reducing the level of
lighting, or by cutting the hours of use.

Lighting control options
Manual control

e Position switches so as to encourage users to switch off.

e Group luminaires and switches to take advantage of day-
light near windows.

e Colour-code groups of lights in buildings such as super-
markets for different sets of users who require different
lighting levels, such as cleaners, shelf-stackers and
customers.

Timed control

e Switch lights off at natural break times and at the end of
the working day. Allow manual override of main lights or
use locally controlled task lighting.

Sensor control

e Use occupancy-detection sensors (such as passive infra-red
(PIR) or ultrasonic).

e Use daylight sensors to switch groups of luminaires off
when daylighting is adequate.

e Use daylight sensors in conjunction with dimmers to use
electric lighting to top up daylighting.



e Use individually addressable luminaires for greater
flexibility.

Escalators and lifts

In certain building types such as department stores and shop-
ping malls, escalators may consume up to 15 per cent of the
total energy used in the building. In such buildings they are
often running continually during opening hours, and in some
cases considerably beyond. The first priority should be to ensure
that they do not run beyond the hours required; this is easily
achievable with a time switch. Further savings can be achieved
by more sophisticated control. For instance when there is no
demand the speed can be reduced, or the escalator stopped alto-
gether. Speed reduction can be achieved using star-delta control
or variable voltage variable frequency drive (VVVFD). The
greatest energy savings are achieved by stop/start control fol-
lowed by VVVED, but it results in more wear to the moving
parts and increased maintenance costs. Lifts can also benefit
from VVVFD which enables energy consumption to be reduced
through speed reduction.

Use of renewable energy in buildings

A good general principle to follow is that the load should first be
reduced if possible, then means of meeting the load found,
whether that is from a fossil or renewable source. There are
opportunities to use renewable energy in buildings to reduce
reliance on fossil fuels. The feasibility of the different technolo-
gies is a function of climate, capital cost, and the cost of fuel
replaced, bearing in mind that for many systems such as photo-
voltaics (PV) and wind turbines it is necessary to maintain a
mains connection and add a control unit. Depending on loca-
tion and local economics and fuel costs, some of the following
may be appropriate.

Possible systems include solar water/air heating, solar elec-
tricity (PV) and building-integrated PV, solar refrigeration, and
roof-mounted wind turbines. It is considered by many that
micro wind turbines are unlikely to pay back either their carbon
emission or costs, and that larger turbines sited more remotely,
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which are more efficient, are the future for wind power.
Transmission losses from such locations are not great — only
10 per cent losses are incurred by transmitting the whole length
of the United Kingdom. PV are not so sensitive to scale factors,
but it remains the case that the control gear for a very small PV
system costs not much less than that for a large one.

Summary

A number of measures can be implemented to improve any
building. The cost-effectiveness of each measure will vary with
location and with the individual building. A rough order of
effectiveness is given in Figure 4.14 (in approximate order of
decreasing cost effectiveness based on cost per kg CO, saved).
The measures applicable to specific building types will vary
greatly; examples of potential savings in shopping centres are
shown in Table 4.6.

Energy Management Systems and
Monitoring

Best
Fabric Insulation
Heating Controls

Low Energy Lighting

More Efficient Boilers

Small Hydro

Small Biomass Heating
Large-Scale Wind
Small-Scale Wind

Solar Water Heatin
8 Worst
Ground Source Heat Pump

Solar PV

Figure 4.14 Cost-effectiveness of energy saving measures



Table 4.6 Potential energy savings in retail shopping centres

Measure

Potential saving

Switch off unessential lights outside opening
hours. Use timers to switch off most lights when
centre closes

10%

at same time

Switch off unessential lights in back-of-house 5%
areas

Replace tungsten bulbs with compact fluorescent | 75%
Install photocell controls to make use of daylight. | 20%
Use presence detectors in areas such as toilets

Switch off escalators outside running hours 15%
Switch off external and car park lighting when 60%
adequate daylight

Optimize switch-off of HVAC system 20%
Reduce air conditioning by night cooling 20%
Set thermostats correctly 1°0C=7%
Check control strategy so not heating and cooling | 10%
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CHAPTER 5
INSTRUMENTATION AND MEASUREMENTS

An old adage of management is ‘if you can’t measure it, you
can’t manage it’, and while information from the energy bills
can be used in the energy audit, it is often necessary to have
additional information taken from measurements of the condi-
tions in the building, the state of the plant, and the energy
consumption. Additional measurements can be carried out to
evaluate the performance of plant items. Monitoring of a build-
ing over a short or an extended period may be considered
necessary in order to elicit this information. Equipment for this
purpose includes data loggers and sensors. With the right equip-
ment, the measurements required for energy management can
be made relatively easily, and modern electronic instruments are
compact, durable, and inexpensive.
The main measurements of interest are:

fuel consumption
temperature
electrical power
air movement
water flow
relative humidity
heating efficiency
U-value.

Fuel consumption

This refers to the overall consumption of cubic metres of gas,
litres of fuel oil, kWh of electricity, and so on. Conversion to



standard units of kWh and carbon dioxide (CO,) emissions may
be carried out using Table AS in Appendix 2. For meaningful
comparison with other buildings of the same type, the consump-
tion should be calculated on the basis of square metres of treated
floor area. Used in conjunction with internal and ambient tem-
perature readings, they can produce degree day information for
the kind of analysis which was shown in Chapter 2. Where a
building management system (BMS) is used, it can be configured
to collect and store meter data.

Temperature

The most important measurements, and the most numerous in
building applications, are measurements of temperature. Typical
measurements required are internal and external air tempera-
ture, radiant and globe temperature, surface temperatures and
fluid temperatures in pipes and ducts. The range of sensors used
with data loggers and BMS includes those with an electrical
output such as thermocouples, thermistors and resistance ther-
mometers. The temperature measured by a globe thermometer
is generally considered to give a response closely related to that
of humans, and combines the effects of air and radiant tempera-
tures. The instrument comprises a temperature sensor located at
the centre of a 40 mm diameter sphere whose surface is painted
matt black. The operative temperature of a space (see Appendix,
page 158) may be assessed by taking the average of the globe
temperature measured in a number of places.

All bodies at temperatures above absolute zero emit infra-
red (I-R) radiation in wavelength region 0.1 to 100, and the
temperature of a body can be measured as a function of the
thermal radiation emitted by it. I-R thermometers allow the
surface temperature of a body to be measured using a non-con-
tact method, which has the advantage that measurements may
be made from some metres away from the surface. I-R cameras
are regularly used in thermographic surveys, in which they
produce an image of the object being investigated, colour-coded
according to temperature. By surveying the outside of a build-
ing, preferably at night and in winter, it is possible to locate
places where excessive heat is being lost, for instance where
insulation is missing or where there is a thermal bridge. Small
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hand-held I-R cameras are now available inexpensively for pur-
chase or for hire. Considerable expertise is needed to avoid
misinterpretation of the results, however.

A number of inexpensive hand-held instruments are avail-
able for measuring temperatures; they are useful for spot
measurements of conditions, and some have outputs to data
loggers.

Electrical power

Electrical energy is used for lighting, small power-load equip-
ment (such as personal computers (PCs), copiers and printers),
fans, pumps, immersion heaters, lifts and escalators, and other
factory equipment such as machine tools and compressed air
machines.

While the overall electricity consumption is usually
metered, it is unusual to find separate metering to individual
circuits. To isolate a circuit or individual item of plant or appli-
ance, a current clamp is used; the current induced in the clamp
is proportional to that in the primary circuit and can be fed to a
data logger. For items drawing constant power, hours-run
meters can be used, although they give no information on the
timing of the power consumption.

Air movement

Measurements of air movement may be made for a number of
reasons. They include:

e local air movement in rooms
e movement of air through ducts
e ventilation or infiltration rates

Measurement of local air movement

Qualitative assessments of air movement, draughts or leaks can
be made using plumbers’ smoke pellets: local air flows within
rooms are usually too low to make any accurate measurements
of air velocity.



Movement of air through ducts

Ventilation rates in mechanically ventilated buildings can be
assessed by measuring the rate of airflow through the ducts. The
range of instruments include:

Rotating vane anemometer

These are simple and relatively robust; a small vane assembly is
coupled to a mechanical counter via gears. As this is a mechani-
cal device the lower limit of measurement (0.5 m/s) is determined
by friction in the bearings and gears.

Hot wire anemometer

The sensing head comprises a wire which is heated by an electric
current, and when placed in the air stream a cooling effect is
exerted on the wire, by convection. As the air speed increases,
the convection heat transfer coefficient increases, cooling the
wire more. The filament is connected to a bridge circuit, and the
device gives a readout in velocity, or a voltage output to a logger.
Compensation for the air temperature is included. As there are
no moving parts to cause friction, velocities as low as 0.4 m/s
can be measured.

Pitot tubes

Pitot-static tubes comprise two tubes, one facing the air flow
directly and the other perpendicular to the flow: they are nor-
mally contained in one measuring head (Figure 5.1). When air
enters the tube facing the air stream, its kinetic energy is con-
verted to pressure energy, therefore the pressure in that tube is
equal to the static pressure in the duct plus the velocity pressure.
The static pressure is measured by the tube perpendicular to the
flow. The air is initially at velocity V which reduces to zero as it
is brought to rest in the tube. The pressure differential AP is
equal to the velocity pressure and is given by:

AP = 0.5 p,V*
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Where p, is the density of the air (normally taken as 1.2kg/m?).
V = (1.66AP)°S

If AP is measured in a liquid manometer,
AP = pgh

Where p, is the density of the liquid in the manometer, h is the
differential in the column heights, and g is the acceleration due
to gravity (9.81m/s?).

V = (16.35p,h)"

A probe may be inserted through a suitable hole to measure air
velocity in a duct, but whatever instrument is used, it is impor-
tant that the size of the probe should be small relative to the
duct, so as not to reduce the flow significantly. Ideally there
should be straight duct before and after the pitot tube of 10
diameters in length. As the air flow is not uniform across the
duct, for best results a traverse should be made.

Duct Pitot-static tube (not to scale)
Static + velocity

ﬁ Static pressure

"l
—1 Liquid manometer

Figure 5.1 Pitot-static tube




Ventilation or infiltration rates

Air infiltration is the adventitious entry of outside air into a
building, and may constitute a heat loss or a heat gain. It is
therefore important to know the infiltration rate, which can be
measured in two ways, using tracer gases or blower door tests.

Tracer gas method

One commonly used technique relies on the introduction into
the room of a foreign gas which can be easily detected and
whose concentration can readily be measured. Commonly used
gases include CO, and N,O, which are readily available in
cylinders.

The valve is opened on the cylinder to allow some of the
gas to be injected into the room, and when sufficient gas has
been deemed to enter the room, the valve is closed. A fan may
be used to distribute the gas uniformly. After injection has
ceased, the concentration of the trace gas will begin to fall as
fresh air enters from outside and air containing the trace gas
exits. The rate at which the concentration falls is dependent on
the rate at which the air in the room is changing, or in other
words, the ventilation rate.

The rate of change of concentration of the gas depends
on the amount of gas leaving the space, the amount entering,
and the amount generated in the space.

V.dC/dt = G + Q(C,- C)

V = volume of room

G = generation rate of gas in room (m?/s)

C. = external or background concentration of gas (kg/m?)
C = concentration of gas in room at time t (kg/m?)

Q = Quantity of outside air entering (m?/s).

When injection of gas into the space has stopped, G = 0. (Note

that if we use CO,, G may not be zero as some will be exhaled
by the person carrying out the test if they remain in the room.)

VvdC/dt = Q(C.- C)
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If the external gas concentration is zero, Ce = 0.
(Note that C, will not be zero if CO, is used.)

VdC/dt = -QC

Separating the variables:

dC/C = —(QN) dt
Ct=C, el@Vr
Taking logs:

InC,—-In C, =—(Q/V)t

where C, is the concentration at the beginning of the decay and
C, is the concentration at time t.

Q/V = N = Number of air changes per unit time

Plotting In C against t (in hours) gives a reasonable approxima-
tion to a straight line of slope —Q/V, which is the air change rate
in air changes per hour.

Blower door test

To assess the infiltration and leak characteristics of a building, a
blower door test can be carried out (see Figure 5.2). It is not
necessary to test all buildings, but where a leakage rate of 10m?/
hr/m? or lower is claimed, then a test must be carried out to
provide confirmation. Full details are given in CIBSE Technical
Manual 23. The equipment consists of a false door which is
positioned in an outer doorway of the building, and which con-
tains a fan and flow measuring apparatus. The pressures inside
and outside the building are measured simultaneously. All the
outer doors and windows are closed but internal doors should
be left open. When the fan blows air into the room or building,
the air pressure inside will increase. Air will be forced out of the
building through small cracks at the edges of doors, windows,
floor-wall joints and so on. The greater the total air leakage



through these cracks, for a given flow rate, the lower the excess
pressure will be. Thus, there is a relationship between the flow
rate, the pressure build up and the leakage characteristics of the
building.

A variable speed fan allows the flow rate and pressure to be
measured over a range of flow rates. Pressure differentials of up
to 50 Pa are normally used in order to obtain reasonable accu-
racy and flow rates. As these are far higher than encountered
normally through wind pressure on the building, the results
must be extrapolated to more reasonable pressure differences,
or the raw values used directly for comparison with other build-
ings at the same pressure difference. A very approximate
assessment of the annual infiltration rate can be obtained by
dividing the leakage rate at 50 Pa by 20. The relationship
between pressure and flow is of the form:

Q = k(AP)"

Log,, Q =log,, k + n log, AP
where

Q = flow rate (m?/s)

AP = pressure difference (Pa)

k =constant
n = constant

Plotting log,,Q against log, AP should give a reasonable approx-
imation to a straight line whose intercept is log, k and slope n.
Thus, values for k and n can be obtained and inserted in the

T
%

%

_ﬂ_

Figure 5.2 Blower door test
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equation to allow the flow rate to be estimated at a more rea-
sonable pressure differential such as 5-10 Pa. It is usually
advisable to test the building in both pressurising and depres-
surising modes (by reversing the fan), as the flow mechanisms
may be different (for example, windows being pushed out
against the frame). For comparison purposes the leakage rate is
normalized in relation to the surface area S of the building to
yield values in units of Q,/S (m*.h').m?.

Water flow

A number of flow meter types are available to measure the flow
of water and other fluids through pipes. They are generally
based on an impeller-type mechanism whose speed of rotation is
proportional to the fluid velocity. They are connected by gears
to a dial on the outside of the pipe which can be read periodi-
cally, or connected to a pulse counter which sends an electrical
signal to a logger and which is converted to flow rate.

Relative humidity

Individual measurements of relative humidity can be made using
the traditional wet-and-dry bulb hygrometer, and tend not to
vary greatly from place to place within a room. Electronic
instruments use sensors employing the absorptive properties of
lithium chloride and alumina, and are widely available. Hand-
held instruments or sensors which can be connected to data
loggers are common, although regular calibration is required.

Heating efficiency

The heating energy delivered to the rooms through the central
heating system (as opposed to the energy put into the heating
system) can be measured using a heat meter (see Figure 5.3). A
heat meter consists of two temperature sensors, one measuring
the temperature of the flow from the boiler, the other measuring
the return temperature, a flow meter, and an integrator or data
logger. It may be configured to give readings directly in kW and
kWh, and may also feed data into a BMS. The heat delivered to
the heating system in the building is defined by



Q = mCAT
where

Q = the heat delivery rate (W)

m = the mass flow rate of water (kg/s)

C = the specific heat of water (J/kgK)

AT = the difference between the flow and return tempera-
tures (K)

The quantities measured are m and AT, while C is a constant
(approx. 4200 J/KgK).

If the rate of fuel consumption is recorded simultaneously,
the efficiency of the heating system can be estimated as shown
below.

Radiators

Temperature
sensor

)

o I |
Boiler
o
\ ) Data Flow
logger meter
Temperature

sensor

Figure 5.3 Schematic of a heat meter set-up to measure the heat put out by a
central heating system

Example of heat meter calculation

When used for an extended period the heat meter can yield useful
information about the building. If a single heating system covers the
entire building, and the fuel flow to the boiler is metered, then the heat
meter can be used to assess the efficiency of the boiler and heating
system. Assume the system is operating steadily for a few hours, and
that the following data is collected.
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Average temperature of water from boiler to

system 82 °C
Average return temperature to boiler 75 °C
Average water flow rate in heating system 1.6 kg/s
Average outdoor air temperature 7°C
Average Indoor air temperature 23 °C
Gas consumption over the measuring period

(6 hours) 35.5 m?
Specific heat of water 4190 J/kgK
Calorific value of gas 44 MJ/m3
Cost of gas 4.5 p/kWh

The efficiency of the boiler is equivalent to the heat output/heat input.

Heat output = mCAT
=1.6 x 4190 x (82-75) = 46,928 W

The heat input is based on the gas input multiplied by the calorific
value.

Heat input over 6 hours = 35.5 x 44 MJ =1562 MJ.

The input and output should be converted to the same units; in this
case W are chosen.

The rate of heat input is 1562 MJ in 6 hours, so this must be con-
verted to J/s.

1562 MJ/6 hours = 260.3 MJ/hour
=260.3 x 10° J/hour

=260.3 x 108/3600 J/s

=72314 W.

Efficiency of boiler = 46,928/72,314 = 0.649 = 65%.

As the average outdoor and indoor temperatures are also known, it is
possible to estimate the heat loss coefficient of the building.

Average heat output of the heating system (above) = 46928 W.

Average indoor-outdoor temperature difference = 23 -7 =16 K.

Total heat loss coefficient = heat loss/temperature difference =
46928/16 = 2933 W/K.



Knowing this, it is possible to use the degree day method to estimate
annual energy consumption, as shown in the Appendix. The method is
approximate and does not take into account thermal storage in the
building fabric, and any variation in internal heat gains, but in the
absence of other methods it can yield useful information.

U-value measurement

U-values will normally be read or deduced from the building
documentation, if available, but it may be desirable to measure
them in some cases — where there is uncertainty as to whether
insulation has been added to a building, for example, The
thermal transmittance of a building element (U-value) is defined
as the ‘average heat flow rate per area in the steady state divided
by the temperature difference between the surroundings on each
side of a system’ (ISO 7345). The units are Wm?2K"'. Accurate
methods for measuring U-value use a guarded hot-box tech-
nique and are described in BS EN ISO 8990, but an approximate
value can be obtained as shown in Figure 5.4 by logging the
temperatures either side of the wall and the heat flow through it.
The apparatus required includes a data logger, temperature
sensors such as thermocouples or thermistors, and heat flow
sensors. A heat flow sensor comprises a thin disc of material
with a constant thermal resistance which has embedded in it a
series of thermocouples to measure the temperature difference
through the disc. A millivolt output is produced which is pro-
portional to the heat flux. The heat flux and temperature
difference should be logged at intervals of 10-15 minutes over a
few days to minimize the effects of thermal storage. The average
temperature and heat flow values over the period can be used to
calculate the U-value, which is given by:

Q/A = UAT
U = Q/(AAT)
where

Q/A = the heat flux measured by the sensors (W/m?)
AT is the temperature difference (K).
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Figure 5.4 Measuring the U-value of a wall: the temperature and heat flux sensors

There are a number of potential sources of error in such
measurements:

Heat flow may not be one-dimensional, particularly near
corners.

Thermal storage effects in the wall may lead to erroneous
readings.

The section of wall chosen for the measurement may not
be representative of the whole: for example insulation in
the wall may be damaged or may have settled out.

They can be reduced by:

positioning the heat flux sensors well away from potential
disturbances.

monitoring over long periods to reduce storage effects.
making measurements in several places.

using several heat flux sensors.

Data loggers

A data logger is a piece of electronic equipment with a series of
channels which can be configured to accept inputs such voltage,
current or pulses, and digital inputs, has a memory for storing
the data collected, and facilities to download the data to a com-
puter or printer. Once downloaded, the data can be processed
using a spreadsheet or proprietary software.



A large range of models is currently available, and while
some are designed for specific applications such as collecting
electricity consumption data from a small number of input
channels, others are more versatile and can accept various forms
of data into as many as 60 input channels. Some specialized
temperature and humidity sensors have integral loggers and are
small enough to be unobtrusive when placed in a room. The
frequency of monitoring may normally be varied in a range
from once per second to once every 24 hours, depending on the
variable being measured, and logging may often be carried out
for months at a time if the memory is sufficiently large. Some
loggers require manual downloading, while others may be
downloaded remotely. Equipment may be purchased or hired,
or a firm of energy management consultants may be appointed
to carry out the logging and subsequent data analysis.

Errors in measurement

Care is needed, particularly in temperature measurements,
to ensure that the sensor is measuring the quantity desired.
A sensor intended to measure the ambient air temperature
should not be exposed to direct solar radiation, as it will absorb
energy and measure not the air temperature, but a combination
of air and radiant temperatures, which could be more than
10 °C higher.

To measure air temperature, direct radiation should be
excluded by placing the sensor inside a radiation shield, which
can be as simple as a polished metal cylinder surrounding
the sensor, large enough to allow free passage of air around the
sensor. Alternatively the sensor should be mounted in a location
where it is always in the shade.

Similarly, errors can be introduced into readings as a result
of the response time of the sensor or instrument, but in general,
energy-related variables in buildings change slowly compared
with the speed of response of modern instruments. Temperature
changes occur at a rate of fractions of a degree a minute, while
sensors take only a few milliseconds to respond.
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CHAPTER 6
ORGANIZATION AND IMPLEMENTATION

Some organizations may simply commission an energy audit, act
on some of its findings, and forget about energy management for
the next few years. While this approach may achieve some savings,
for lasting and increasing savings a strategic approach is required.
In today’s energy markets the long-term view is essential.

For long-term effectiveness, energy management should be
thought of as a continuing process, not as a single activity
carried out once and forgotten. Making this happen requires
commitment from all levels in an organization. In this respect it
is important to develop an action plan, which helps to establish
priorities for improving how energy is managed in the opera-
tion. Central to the action plan is a need to assess the
organization’s position regarding energy management, and an
assessment of current operating practices is essential. The level
of commitment to control of energy can be assessed and appro-
priate action taken in areas where there are deficiencies.

The organization of energy management takes various forms,
depending on the size of the enterprise, the amount spent on energy,
and the corporate structure. Many firms employ an in-house energy
manager, who may be a specially appointed person whose sole
responsibility is energy, or a member of staff who has other main
duties. Alternatively, outside consultants may be employed. Energy
management companies offer a range of services, including carry-
ing out energy audits, running utility services such as combined
heat and power (CHP) plants, financing investments in energy
plant, or providing heat and electrical power. Forms of contract
include fixed-fee arrangements and those where the consultant
takes as their fee an agreed proportion of any savings, often on a



no-savings, no-fee basis. Since many energy-saving measures tend
to be long-term in nature with a number of years to payback, the
latter tend to be long-term contracts of from five to fifteen years.

Whether the energy manager is based in-house or is an

outside consultant, they need to:

develop an energy audit system

agree tough but realistic targets for energy savings
provide technical advice

monitor developments in energy conservation

advise on government funding such as grants

keep abreast of political, legislative and regulatory meas-
ures affecting energy use and costs.

Besides technical and commercial knowledge of buildings and
energy supply, an energy manager also needs good interpersonal
skills in order to be able to motivate management and other
staff to invest in and implement energy-saving measures.

Functions of the energy manager

Assess the level of awareness and commitment from
management.

Get commitment to energy management from the top of
the organization.

Identify the corporate structure and management style.
Assess the level of awareness within the company general-
ly, and raise it if necessary.

Motivate others in the organization to help improve energy
performance.

Devise an energy policy.

Assess current performance levels.

Set up short, medium and long-term objectives and develop
procedures to accomplish these objectives.

Set up a system to measure and document energy use, and
forecast future consumption.

Agree targets for improvement, along with the associated
budgets.

Set up a programme to review objectives and achievements
at regular intervals.
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Figure 6.1 Organizing energy management

Assessing the level of awareness and commitment from
management

It is important to know where the organization stands from the
outset, and this can be ascertained by asking a number of key
questions:

e Is there an energy policy?

e How aware of energy use are the workers and managers?

e Is there a budget for energy improvements, and how are
they financed?

e Are there accurate records of energy use?

e Are there any plans for improving efficiency?

e What are the opportunities for intervention to improve
efficiency?

e What are the risks?



Getting commitment

Most organizations with core activities such as financial ser-
vices, manufacturing, software design or local authority services
tend to regard energy as an unwelcome but unavoidable cost to
the business, and have no particular interest in it. However,
price rises in recent years have highlighted the true costs of
energy, and they can no longer be ignored. In difficult economic
times obtaining commitment to significant investment in energy
efficiency is never going to be easy, and a careful and detailed
economic analysis of the costs and benefits of the options on
offer is the best way to convince management to invest. If a
company has taken on a full-time energy manager then at least
some commitment has been demonstrated, but managers might
feel that paying the energy manager’s salary is sufficient, and
not understand that further investment will be required to gen-
erate significant long-term savings.
The following benefits should be stressed:

e Significant savings could be made with little or no capital
expenditure.

e Good energy performance creates an image of the company
as environmentally conscious.

e Staff may see a chance to receive or share some of the ben-
efits and this will improve morale.

e Furthermore, every £1 saved is worth a full pound, while
every £1 in increased sales produces only a fraction of that
in profit.

The barriers that need to be overcome include the following:

e Energy is seen as a side issue, not part of the main business
of the company, and diverts people from their main job.

e Lack of awareness.

e Energy consciousness is seen as a management cut-back
and penny-pinching.

A further obstacle is that only 10 per cent of office buildings are
owner-occupied, and this acts as a serious deterrent to invest-
ment in energy efficiency. Landlords may be unwilling to invest
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in measures which reduce their tenant’s energy bills, while
tenants have no incentive to invest in measures that might only
pay off after they have left.

Money to invest in energy-saving measures is not usually
handed over without careful scrutiny of the costs and benefits,
using some of the techniques discussed later in this chapter.
Investment in energy efficiency is often given low priority, as it
is usually identified with savings rather than investment. There
will normally be a number of projects competing for limited
funds, and the organization will quite naturally wish to make
the best use of its money. Financial controllers will be looking to
obtain the optimum benefits from each investment with the
minimum risk, and it will be essential for the energy manager to
understand how the enterprise allocates money between capital
and revenue budgets. Also, it may be difficult to identify an
appropriate budget under which energy saving schemes could
come. Capital plant, development or maintenance budgets may
be suitable but, again quite naturally, it is often the case that the
budget holders wish to protect their budgets for other uses and
are unwilling to have their territory encroached on.

Opportunities

While there may be a small ongoing energy budget, other events
may present opportunities to invest in energy-saving measures.
These include:

e Single actions identified at particular times, e.g. refurbish-
ment of a building, particularly when it involves a change
of use; this may include opportunities to install CHP,
upgrade the insulation of the building, install double
glazing, or wuse natural ventilation in place of air
conditioning.

e Programmes carried through an organization, such as a
hotel chain upgrading the lighting throughout all its hotels.
It may also be possible to hang other measures on the
general programme, such as installing sub-metering or
better controls.



Risks

There is usually some element of risk involved, but for most
measures this will not be a technical risk (such as, will the insu-
lation work?) but a financial risk — the extent to which the
project is exposed to variations in factors which affect cash
flows such as energy tariffs and interest rates. While energy costs
follow a generally upward trend, there can be significant short-
term variations, and committing to purchase large quantities at
a particular time can sometimes lead to unwelcome losses.

Identify the corporate structure and management style

The way in which the organization operates will dictate the
approach that has to be made to motivating people and obtain-
ing appropriate budgets. The structure and management style
may range from very hierarchical to strictly egalitarian. It is also
important to identify those responsible for energy-consuming
plant. Where this includes jointly used equipment such as pho-
tocopiers, it can be difficult to track down the responsible
individual; it may be the maintenance/engineering department,
the building manager, or a facilities manager. The implications
are not trivial: a photocopier left on all night will use enough
power to produce about 1500 copies. Consider the annual cost
of this, and the cost for someone to switch it off before the office
is closed.

Assessing and raising staff awareness

Raising general staff awareness of energy issues is an important
element of obtaining commitment. Energy is in the news a great
deal these days, but staff still need information on how energy
use affects them in their organization and their particular job. A
general ‘save energy’ approach does not necessarily help staff
identify the areas where they can best help. A start can be made
using a home energy assessment survey, to identify how aware
staff are of energy savings that can be made in their own homes.
Many of the lessons learned can be applied to the workplace.
Methods of raising awareness can take a number of forms,
including presentations, training sessions, use of company
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newsletters, email and websites, suggestions schemes, poster
campaigns, and ‘save it’ stickers. The ultimate aim is to inte-
grate energy efficiency into everyday working practices and
make energy-saving activities such as switching off lights part of
the everyday routine.

Motivating others

Raising awareness is part of motivation, but motivation also
includes other aspects such as personal, departmental or team
reward schemes for improved performance, linked to monitor-
ing and targeting activities. Motivating management may
require demonstrations of potential energy savings using detailed
costed examples, as budgets will need to be agreed. People will
generally not change to work in an energy-efficient way for its
own sake — they need to see that there is some benefit to them-
selves for doing so. Such benefits could include greater
profitability and competitiveness for the company as a result of
lowering costs, and better job security. Benefits to individual
departments, such as increased budgets or a chance to utilize a
share of the energy savings, may also act as an incentive. Schemes
such as ‘energy saver of the month’ and suggestions schemes
have also been shown to be effective. An important point here,
as with raising awareness, is that a ‘one-off ¢ approach tends to
fall off in effectiveness after some time, and new approaches or
initiatives need to be introduced from time to time in order to
maintain the momentum. Communicating the results of any ini-
tiatives back to those involved is also crucial in maintaining
interest. Articles in a company newsletter or on the website can
highlight improved performances of groups and individuals.

Devising an energy policy

A company’s energy policy needs to be agreed with senior man-
agement since its implementation will involve important
investment decisions. The objectives of the energy policy will
depend to some extent on the current attitudes towards energy,
and the existing energy performance within the organization.



The following steps may be taken.

Assess current level of performance

It is essential to know how well the organization is succeeding
at present in the management of energy:

e Are space temperatures appropriate, too hot or too cold?

e Are lights left on unnecessarily?

e How well are the building fabric and services plant
maintained?

e s electrical equipment routinely left on overnight?

The answers to these questions will point the way towards
short-term improvements that will help to inspire confidence in
the energy management process.

Setting up short, medium and long-term objectives

It is important to set up specific objectives rather than vague
commitments to ‘cut energy’ or ‘be more efficient’. These objec-
tives will vary depending on the time scale being considered. A
simple low-cost change that gives a quick result will be very
effective in developing confidence in the energy management
process, and it may be possible to use the savings to finance
more long-term measures.

Examples of short medium and long-term objectives
Short term

® Mend faulty items of energy plant.

® Ensure items of equipment are switched off when not in use or
at the end of the working day. Simple time switches to turn items
off at the end of office hours will pay for themselves in weeks.

® Ensure rooms are not heated or cooled excessively.

Sticker campaign for light switches.

® Report back on improved performance.
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Medium term

® Set atarget of 10 per cent energy reduction in a year.
® Instigate a better maintenance regime.
® Report on costs and benefits of sub-metering.
® Appoint local ‘'energy champions.’
Long term

® Set up afive-year energy reduction target of say 20 per cent.

® Set up monitoring and targeting software for cumulative sum
(CUSUM) analysis and similar activities.

® Report on feasibility of replacing boilers with CHP.

® Train energy champions.

Setting up a system to measure and document energy use

Energy consumption information must be authoritative if it is to
be used to inform the investment policy: that is, it must be
obtained from reliable sources, and accurately documented. Such
sources include detailed utility bills, half-hour metering informa-
tion, and logged data from the building management system
(BMS). Future consumption can be forecast using such techniques
as the CUSUM analysis described later in this chapter.

Agreeing targets for improvement, along with the associated
budgets

The measures required to meet the energy reduction targets
should be properly costed, and the benefits presented realisti-
cally and accurately, otherwise management is unlikely to agree
to release funds. Targets which are imposed, not agreed, will
have little effect since no one will feel committed to honour
them.

Setting up a programme to review objectives and achievements
at reqular intervals

The appropriate time scale for review should be selected. Too
short a time scale will not allow any savings to be made or



demonstrated, while if too long a period is chosen, people will
lose interest. If new plant is installed, such as a condensing
boiler, it will be some months before the benefits are evident in
the energy bills. With other measures it is likely to take a matter
of years for the benefits to materialize, therefore it is pointless to
review the objectives before the measures have had time to take
effect.

The plan should include a regular commitment to review
progress, as needs may change over time, for example due to
change in use of parts of the building. It is important that regular
reviews are fed back into the entire energy management process
in order to take into account changes in energy supply, legisla-
tion, changes within the company, and finance. A large amount
of free literature on this subject is available from the Carbon
Trust (www.carbontrust.co.uk).

Working to an agreed standard is a useful way of achieving
and demonstrating commitment. BS16001:2009 shows in detail
the requirements to be met in order to achieve the British
Standard for Energy Management, and enlarges on the outline
of organized energy management shown here.

Monitoring and targeting

Monitoring and targeting (M&T) form essential elements in
understanding and controlling energy use, and also provide
information to feed back to management on the performance of
the building. The purpose of M&T is to relate energy consump-
tion to some variable such as the weather or production output,
in order to understand better how energy is used and help iden-
tify avoidable waste.

Data collection is an essential element of M&T, and may
be carried out automatically or manually, depending on the
kind of data being collected, the technology available, and the
budget. Analysis of the data will suggest clear lines of investiga-
tion for producing savings, which can easily be quantified.

It is important to set targets that are realistically achieva-
ble, but not so low as to be meaningless. An overall reduction
of § per cent in energy costs over five years is unlikely to justify
the time and money put into it, while a target of 30 per cent
is extremely tough if no special measures are taken, but may
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be realistic if a budget for significant new plant such as CHP
is available. When an organization is just beginning an energy
management programme, targets of 5-10 per cent may often
be achievable at low or zero cost by simple common-sense
measures such as switching off unwanted items of plant, but
these are one-off items that are unlikely to provide further
opportunities.

Targets should be discussed and agreed between the rele-
vant parties, and based on sensible calculations of performance.
The smaller the unit being targeted the better, as greater control
can be exercised, and frequent reviewing of performance enables
problems to be identified quickly. Examples of such problems
include faulty timers allowing heating to remain on 24/7 even
over Christmas holidays, badly calibrated temperature sensors
or broken control valves.

A key element of M&T is accurate forecasting of the
expected energy consumption; exceptions can then be reported
and acted upon. A simple way of reporting exceptions is to use an
overspend league table, which shows the overspend on specific
items of energy consumption over a fixed period, in descending
order of cost. High overspend items can be discussed with those
responsible, and further analysis carried out, or if the reason for
the overspend is obvious, any necessary remedial action taken. A
week is often a suitable reporting interval, but daily or monthly
reporting may be used, depending on the circumstances.

Calculations of expected consumption are based either on
precedent (direct comparison with previous periods) or activity:
in other words related to the driving factors, such as weather or
production quantity. Precedent-based targeting is usually based
on monthly figures and year-on-year comparisons, and suffers
from the weakness that significant changes in the weather may
occur from one year to the next, which are not taken into account
in this method. It also does not take into account changes in
working practices such as opening hours and weekend working.
This makes the determination of ‘exceptions’ rather difficult.

Activity-based targeting enables changes in the weather to
be allowed for, and as we now have relatively easy access to
weather data from a large number of locations, it can be used to
provide more incisive analysis of the performance of a building.
Heating and cooling are among the greatest causes of energy use



in buildings, and are related directly to the weather. Plotting a
graph of heating energy use and degree days as shown in Chapter
3 is one of the simplest but most instructive ways of analysing
performance. M&T software can be configured to produce such
plots automatically. For plots of energy use against degree days
the relationships are linear, of the general form y = mx + c,
where m is the slope and ¢ is the intercept on the y axis. Similar
plots can be drawn for process energy, such as energy use against
throughput for an oven or drying plant, but they are not invari-
ably linear. Process energy plots may in fact reveal that
consumption is unrelated to throughput, but this knowledge in
itself is useful as it may point to a better form of operation or
control in order to save energy. For batch processes, plant is
often left on between batches, which could lead to large amounts
of energy being wasted.

When making such plots the user normally has the option
to set the intercept at zero. For heating degree days this will not
usually be the case, and the intercept will depend on a number
of factors, including the base temperature used for the degree
day calculation. For processes there may be a fixed amount of
energy use plus a throughput-related element (¢ and m respec-
tively in the y = mx + ¢ plot).

It is also essential to be able to measure the extent to which
the target has been approached. This is done by analysing utility
bills, but may also be done by monitoring, using some of the
instruments and techniques described in Chapter 5. Smart
meters which provide this kind of data for the customer and
also to the energy supplier are now becoming more common,
and will be universal for domestic properties in the United
Kingdom by 2020. They may also be linked in with automatic
meter reading (AMR) systems which have been trialled in a
number of places. An essential feature of both these is that half-
hour meter readings can be made, giving both the supplier and
the user much finer-grained data than was previously available.
For large users half-hour meter reading is essential since the cost
per unit varies with time of delivery; such a detailed knowledge
of the consumption pattern may give the user the opportunity to
shift loads to cheaper times of day. It may also point the way to
avoiding or minimizing maximum demand charges by shifting
some loads to times of lower demand. In addition, BMS may be
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configured to issue alarms when certain limits are being
approached.

A conventional meter costs about £500 including installa-
tion, and if a payback of two years is expected, then each meter
needs to save £250 per year. A minimum of 5 per cent savings
should be aimed for, so that the utility cost through each meter
installed should be £5000 to make it worthwhile.

Analysis of the data using CUSUM or other methods may
be done using proprietary software (some of which is available
as an add-on to the BMS) or by the energy manager generating
a bespoke spreadsheet.

CUSUM analysis

CUSUM stands for the cumulative sum of deviation: in other
words, deviation from the expected consumption. CUSUM anal-
ysis is a tool of M&T, and in its simplest form the cumulative sum
of energy consumption is plotted against time. The data required
can be obtained from energy bills, from BMS data, or from a
monitoring exercise. The slope of the curve will change from time
to time, depending on the conditions. For example, gas consump-
tion may cover heating, cooking, and domestic hot water, and in
summer there will be no heating, so the consumption will be
much reduced and the slope will be lower (see Figure 6.2).
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Figure 6.2 Cumulative energy consumption (total of space and water heating and
cooking)



Table 6.1 Monthly heating gas consumption and degree days

Month | Previous year Previous This year This year
heating gas year degree | heating gas degree days
consumption kWh | days DD consumption

Jan 9100 598 9069 576

Feb 8765 488 8054 453

Mar 7250 354 7073 324

Apr 6200 269 6329 272

Oct 6243 333 6154 327

Nov 6989 442 7078 434

Dec 7600 528 7509 524

total 52147 3012 51266 2910

The slope effectively gives the rate of energy use. Since there is
no space heating in summer the slope reduces considerably
during those months, and is approximately constant over that
period, indicating that the cooking energy is roughly constant.
Ideally data from more than one year should be available, when
a straight comparison from one year to another can be carried
out, allowing the seasonal changes in consumption to be
observed (see Table 6.1).

The results are best shown in histogram form (as in Figure
6.3). Here, only the raw heating energy data is used and differ-
ences in the weather over the same period are not taken into
consideration. A simple way to take account of the weather is to
calculate the energy consumption per degree day (see Chapter
3), and if kWh/degree day are used, then a direct and meaning-
ful comparison can be made (see Table 6.2 and Figure 6.4).

Table 6.2 Energy consumption in kWh/DD for current and previous year, deviation
and CUSUM

kWh/DD

This year Last year Deviation CUSUM
Jan 15.74479 15.21739 0.5274 0.5274
Feb 17.77925 17.96107 -0.18182 0.345584
Mar 21.83025 20.48023 1.350021 1.695605
Apr 23.26838 23.04833 0.220055 1.91566
Oct 18.81957 18.74775 0.071824 1.987484
Nov 16.30876 15.81222 0.496539 2.484023
Dec 14.33015 14.39394 -0.06379 2.420236
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Figure 6.3 Heating energy consumption for two years compared
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Figure 6.4 Energy consumption per degree day - comparison of two years

CUSUM analysis is relatively simple to perform, as it can be
carried out using spreadsheets or standard M&T software. It
can be used in three main ways.

e to set realistic targets for energy consumption

e to assist in the diagnosis of persistently excessive
consumption

e to quantify cumulative savings.

The analysis assumes that if the building is operated correctly,
energy consumption will be predictable. Calculation is based on



energy consumption over a specified measuring interval:
monthly, weekly, daily, or even hourly intervals can be used
depending on the requirements. Whatever interval is selected, at
the end of each period the actual quantity of energy used must
be measured and an estimate made of the amount of energy that
should have been used: in other words, the expected consump-
tion. The deviance for the period is obtained by subtracting the
expected from the actual consumption. Adding the deviance for
the last period to the running total of deviance gives the CUSUM,
or cumulative sum of deviation.

The example on the next page shows the operation of
CUSUM analysis in the context of heating a building. The actual
consumption data can be obtained from meter readings, but it is
more difficult to calculate the expected consumption. In the case
of manufacturing industry a useful measure of expected con-
sumption is the amount of product produced per unit of energy
consumed: for instance for a steel works, tonnes per GJ, or for
vehicle use, miles or tonne miles per gallon. If output increases we
would expect energy consumption to increase in a predictable
way. For the building applications being considered here, output
is rather too abstract a concept to use, since many of the kinds of
buildings we are considering — houses, offices, leisure centres and
so on — do not necessarily have an ‘output’ which is easily meas-
urable. In any case, the ‘output’ may not be something which can
meaningfully be compared with the energy consumption. For
example the ‘output’ of a public swimming pool might be the
number of customers per day, but the swimming pool would still
have to be heated irrespective of whether there were 3 or 300
customers using the pool in a day. The amount of energy needed
is less dependent on the number of customers than on other
factors, such as the weather. In this instance where we are con-
centrating on heating energy use it is clearly the weather, as
measured by degree days, that is the main driving force of energy
consumption. (For details see the Appendix.) For summer cooling
a corresponding measure, the cooling degree day, can be used. In
a well-regulated building the heating energy consumption per
degree day should be roughly constant.

Figure 6.5 shows the data for one year from Table 6.2
redrawn in this way. Since the heating energy consumption is
zero over the non-heating season, points from this period are
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Figure 6.5 Heating energy consumption per degree day, plotted by month

omitted. (Energy consumption divided by zero degree days
would give infinity.)

This form of plot already yields additional information. It
may be observed that the energy consumption per degree day
increases from winter into spring, and decreases from autumn
to winter. This may occur for a number of reasons. One is that
in winter the load factor will be greater and the boilers will be
running more efficiently; another possibility is that in the coldest
weather the occupants are more careful about closing doors and
windows.

In order to pursue the CUSUM analysis the expected energy
consumption must be calculated. The usual procedure is to take
the average consumption per degree day for the previous year,
calculated here as 17.3 kWh/DD. Using this figure the expected
energy consumption for the corresponding period in the follow-
ing year and the deviation can be calculated. These values are
shown in Table 6.2 and Figure 6.6.

The CUSUM analysis is shown in graphical form in Figure
6.4. It may be observed that for most months the deviation is
increasing, demonstrating that consumption is worse than the
previous year. During two months the deviation decreases, illus-
trating better performance than previously, but the overall trend
is upwards away from zero. A sharp increase in deviation
between February and March indicates that something serious
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Figure 6.6 CUSUM analysis for the example given

has occurred — a broken sensor or valve, for example. During
the summer months the deviation falls considerably, suggesting
that the main problems lie with the space heating. From
November to December the deviation falls, possibly following
some remedial action to improve control. The cumulative devia-
tion at the end of the year is significant, showing that there has
been an overall deterioration in performance since the previous
year. The reasons for this may be manifold, and detailed study
of the CUSUM analysis is of help in finding them.

In a well-controlled building the ‘expected’ consumption
for this year should be roughly the same as the previous year,
after allowing for degree day differences. Although inevitably
there will be slight positive and negative deviations, the expected
consumption will follow a line roughly parallel with the x-axis.

If the CUSUM from the current performance characteristic
is correctly derived and the building is well regulated, the
CUSUM chart will be similar to that in Figure 6.7. There are
slight variations from the norm from month to month, but on
average the trace runs level. If the characteristic has been set too
leniently, there will be a general downsloping tendency (Figure
6.8). On the other hand, if the characteristic is set too harshly
there will be a persistent rise in the graph (Figure 6.9). Figure
6.10 shows a typical CUSUM chart for a building which has a
correctly set target, but like most buildings, has occasional
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periods of excess consumption or waste. The shape of the chart
gives an indication of how well the building is performing. An
upward bend in the CUSUM chart indicates the onset of waste,
and a downturn shows that savings are being made. The savings
to date can be read off by measuring the vertical drop of the
CUSUM plot (Figure 6.11). This figure also demonstrates a sig-
nificantly improved performance from halfway through the
period, as a result of changing the heating system controls.
Normally after such a period of sustained improvement the
characteristic would be reset, effectively creating new targets.
This will occur naturally if a rolling table is used rather than
annual tables with year-end breaks.

Cusum

Period

Figure 6.7 CUSUM of well-regulated building

CUSUM

Period

Figure 6.8 CUSUM of characteristic that is too lenient



CUSUM

Period

Figure 6.9 CUSUM where the characteristic is too harsh

cusum

Period

Figure 6.10 CUSUM with generally good performance but periods of waste

cusum

Period

Figure 6.11 CUSUM showing cumulative savings (arrow
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Financial appraisal

Relatively small investments in energy management may be
authorized without detailed financial scrutiny, but if the energy
audit points to substantial investment as the only way to achieve
meaningful long-term savings, those in control of the finances in
the organization will need to be convinced that it is worthwhile.
The cost of borrowing money, likely changes in fuel cost, and
the potential value of alternative investments will all need to be
given detailed consideration. The following section briefly con-
siders the various forms of investment analysis that may be used.

Proper financial appraisal of the benefits is essential in
order to identify projects which make best use of the organiza-
tion’s money. Many large organizations will use a number of
appraisal methods, arranged as a series of hurdles to filter out
unpromising projects. A number of standard techniques are in
use, which may be divided into non-discounted and discounted
methods. The purpose of discounting is to take into account the
time value of money, but choosing an appropriate discount rate
can be difficult. It has variously been described as the cost of
capital, or the interest that has to be paid to acquire the capital
to invest in the project. Certain organizations, such as govern-
ment departments, will have fixed discount rates which must be
applied to every project.

The methods examined here include:

payback period

gross return on capital

net return on capital

gross average rate of return
net average rate of return

net present value.

Payback period

Payback period is the simplest of all to understand and to calcu-
late. The capital cost of the project is simply divided by the
expected annual savings to give a value in years.

The advantages are that it is easily understandable, and a
simple calculation.



The disadvantages are that it does not take into account
the timing of costs and benefits, likely residual value of assets at
end of project life, or savings accruing after the payback term
(see Table 6.3 and Figure 6.12).

Example of the payback method

Table 6.3 Simple payback method calculation for two energy-saving measures

Measure A Measure B
Year | Cash Cashin | Cum net | Cash Cashin | Cum net
out cashin | out cash in
1 1000 0 -1000 1500 0 -1500
2 0 200 -800 0 300 -1200
3 0 200 -600 0 300 -900
4 0 200 -400 0 300 -600
5 0 200 -200 0 300 -300
6 0 200 0 0 300 0
7 0 200 200 0 300 300
8 0 200 400 0 300 600
2000 +
1500 +
(o] 1000 +
=
(=]
= 500 +
=
%]
S 0 A A
g 6 7 8 9 10 11 12 13 14 15 CaSUIE
©  —500 — Measure B
£
3 —1000 -
—1500 A
—2000 +

Years

Figure 6.12 Cumulative non-discounted cash flow of two energy-saving
investment measures with the same payback period

Measure A requires investment of £1000 and gives savings of £200
per year. Measure B requires £1500 investment, giving savings of
£300 per year. While both measures have the same payback period,
with the larger investment the cumulative savings after the payback-
period are much higher, therefore on this simple basis it would be
considered more worthwhile. The cost of paying back money for the
investment over a number of years, possibly with varying interest
rates, is not taken into account here.
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Accounting rate of return

This is also known as the average annual rate of return on
investment, and concentrates on profitability, taking no account
of cash flow. It considers earnings over the entire life span of the
project but does not take into account the timing of those
earnings.

The two basic variants to this method are:

e average gross annual rate of return
e average net annual rate of return.

The average gross annual rate of return is defined as the average
proceeds per year over the life of the assets expressed as a per-
centage of the original capital cost.

The average net annual rate of return is defined as the
average proceeds per year, after allowing for depreciation over
the life of the assets, expressed as a percentage of the average
value of the capital employed.

The advantages of these methods are that:

e they are easy to understand and compute
e they emphasize profitability, as returns over the whole life
of the assets are taken into account.

The concept of return on capital employed is often considered
the most important yardstick used in the measurement of busi-
ness performance.

The disadvantage is that no acknowledgement is made of
the timing of costs or receipts, and irregularities in the cash flow
are smoothed out by averaging. Once averaged, no indication is
given of the time span of the return.

Examples of rate of return calculations
1. Gross return

Capital cost of project £120,000
Total net cash inflow over 5 years £170,000
Average net cash inflow per annum £34,000
Average gross return (capital cost £120,000) 34,000/120,000

Average gross return 28.3%



2. Net return

Capital cost of project £120,000
Residual value of assets at end (of 5 years) £50,000

Total net cash inflow (over 5 years) £170,000

Less depreciation (£70,000)

Net return £100,000
Average net cash inflow per annum (5 years) £20,000
Average net return on average capital employed

(£70,000) 20,000/70,000
Average net return 28.5%

Discounted cash flow (DCF)

DCF methods of investment appraisal involve discounting
future outflow and inflows of cash back to present day values,
thus establishing a common base for the comparison of invest-
ment alternatives. The difference between these and the methods
already described is that they acknowledge the importance of
timing, so that funds invested in the future have less impact than
funds invested now, and that funds received early on in the life-
time of a project are worth more than funds received later. There
are two basic DCF methods:

e net present value
e internal rate of return.

The present value of the funds invested is compared with the

present value of the net cash flows expected to be generated over

the life of the investment. An example is shown in Table 6.4.
The following information is required:

e initial cost of the project

e cost of supplying the capital required, that is, the minimum
rate of return required from the investment

e the values and timings of future cash flows for the total
expected life of the project

e reference table of discount factors.
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The method of computation is as follows:

—_

Select the appropriate discount factor.

Calculate the present day value of each year’s cash inflow
by multiplying the values of those inflows by the appropri-
ate discount factors.

Sum the values calculated to give the total present day
value of future cash benefits.

Calculate the present day values of future cash outflows
and add the sum of these to the initial cost of the project.
If the total arrived at under 3, the total present day value
of all future returns, exceeds the total arrived at in point 4,
the present day value of the investment costs, the project
should be accepted, and if not, it should not be pursued.

The method is particularly useful where several alternative pro-
jects are being considered, as the one showing the highest
positive result is the best performer and is likely to be the one
accepted.

Example of a discounted cash flow calculation

Three projects all have the same initial cost, and the same total cash
flow in: the difference is in the timing of the cash flows. In A the great-
est inflows are at the beginning, in B at the end, while in C the cash flow
in is the same each year.

Project A

Table 6.4 Discounted cash flow example
Year Net cash flow Discount factor | Present day

@10% value

0 (100,000) 1.0 (100,000)
1 50,000 0.909 45,455
2 45,000 0.8264 37,188
3 35,000 0.7513 26,295
4 30,000 0.6830 20,490
5 20,000 0.6209 12,418
Total cash flow | +80,000 Total NPV +41,846




Project B

Year Net cash flow Discount factor | Present day
@10% value
0] (100,000) 1.0 (100,000)
1 10,000 0.9019 9,091
2 15,000 0.8264 12,396
3 35,000 0.7513 26,295
4 50,000 0.6830 34,150
5 70,000 0.6209 43,463
Total cash flow | +80,000 Total NPV +25,395
Project C
Year Net cash flow Discount factor | Present day
@10% value
0 (100,000) 1.0 (100,000)
1 36,000 0.9019 32,728
2 36,000 0.8264 29,750
3 36,000 0.7513 27,047
4 36,000 0.6830 24,588
5 36,000 0.6209 22,352
Total cash flow | +80,000 Total NPV +36,465

From the example shown in Table 6.4, it is seen that all projects
provide the same net cash inflow, but Project A, where the greatest
influx of cash is at the beginning, has the highest present day value,
and on this basis would be the one selected.

Internal rate of return (IRR)

This is a variation of the net present value method except that it
is used when the cost of supplying the capital is unknown or
uncertain. It is particularly useful for indicating the most profit-
able of several alternative projects.

It requires the same data as the NPV method, except that
the start point is an assumed ‘break-even’ total NPV: the method
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is then worked backwards, using trial and error, to find the dis-
count rate which, when applied to the annual cash flows,
produces the break-even result. The discount rate thus arrived
at is the internal rate of return, and on this basis the project
showing the highest rate is the most profitable one. These com-
puted rates of return are then compared with the enterprise’s
existing rate of return on its present investments, or against the
cost of providing funds, to assess whether or not the new project
is worth undertaking.

Using the previous examples, it can be shown the internal
rate of return for the three projects is:

Project A 27%
Project B 20%
Project C 22%

Summary of the NPV and IRR methods

e Both methods indicate whether a project is acceptable or
not compared with the minimum acceptable rate of return
or the expected finance cost of funds applied.

e Both methods indicate a preferential ranking of alternative
projects, on the basis of cash flow (NPV method) or profit-
ability (IRR method) respectively. The higher the rate of
interest applied, the less valuable are cash inflows received
later, and the less the impact of cash outflows incurred later.

e The NPV method assumes that the net cash inflow gener-
ated during the course of a project is reinvested at an
interest rate no lower than that used as the discount factor.
The IRR method assumes that the net cash inflow gener-
ated is reinvested at the IRR.

e The IRR method produces problems of computation where
the cash flow pattern is irregular: that is, when cash out-
flows occur at future times in between the normal cash
inflow occasions.

e Both methods involve an assessment of the cost to the
enterprise of the capital it will use for investment. This in
turn requires determination of the source of the funds to be
used.



Another way of discounting is the annual equivalent cost (AEC).
Whereas the NPV is the amount by which any future benefits at
present value exceed the cost of the project, the AEC is the
average amount by which the projects exceeds this in each year
of the project’s lifetime.

Sensitivity analysis

This is the process by which key design features are tested to
determine what impact they may have on the project. The first
step is to identify those components of the capital cost for which
there is a margin of error, such as installation cost, or the vari-
able cost of components sourced abroad. Sensitivity tests may
also be applied to the benefits, such as errors in the estimate of
post-implementation costs, particularly those caused by varia-
tions in fuel cost or the weather, or the lifetime of the measure.

Financing the investment

A range of investment routes is available, including investment
from within and borrowing from banks. A further possibility
is equipment supplier finance, in which a third party buys the
equipment and takes on the responsibility of having it designed
installed, operated and maintained.
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CHAPTER 7
LEGISLATION AND GRANTS

Introduction

Successive UK governments have adopted three main strategies
to reduce energy consumption and carbon emissions — encour-
agement, in the form of grants, low or interest-free loans and
tax incentives; compulsion in the form of regulations; and taxes
on fuels. Since these measures tend to be amended at regular
intervals, it would be fruitless to go into great detail here, and
only a brief outline is presented. Surveys have shown that the
main incentive to reduce energy consumption is cost. However,
this alone appears to be insufficient to deliver the carbon reduc-
tions required, and measures have been taken to force people to
reduce their fossil fuel consumption.

Warm Front scheme

On the domestic side, the Warm Front scheme helps poorer
households to claim benefits to help upgrade the heating and
insulation in their homes. Grants are currently available of up to
£3500, covering such items as loft insulation, cavity wall insula-
tion, draught proofing and heating.

Feed-in tariffs

At present there are no direct grants from central UK govern-
ment for the installation of solar photovoltaic (PV) panels,
although some local authorities may have schemes in operation.
Feed-in tariffs (FITs) are designed to promote the use of solar



PV and other renewable electricity sources, by paying the owner
not only for power exported to the grid, but for the power they
generate and use themselves. The system is administered by
OFGEM. Those eligible must produce less than 5 MW per year
and have systems installed (by an accredited installer) after July
2009. Systems installed earlier may be eligible for a reduced
rate. The tariff is paid for all the electricity generated, and varies
depending on the source and the scale of generation; it also
includes (at a much lower rate) existing generators transferred
from the older renewable obligation (RO) scheme. The tariffs
are set for up to 235 years, and go up to a maximum of 43.3p/
kWh for retrofitted solar PV up to 4 kW. The scheme includes
PV, hydro, wind turbines, micro-combined heat and power
(CHP) (less than 2kWe) and aerobic digestion. The tariff is also
index-linked and free from income tax. An export tariff of 3.1 p/
kWh above the generation tariff is paid for electricity exported
to the grid. Smart meters will be needed to measure the amount

generated, used and exported, and systems have to be registered
with OFGEM.

Renewable Heat Incentive (RHI)

Although 47 per cent of greenhouse gas emissions in the United
Kingdom are attributable to heating, only 1 per cent of heat
energy comes from renewable sources. The government’s plans
require that by 2020 15 per cent of energy should come from
renewables, and it has been estimated that they could supply 12
per cent of the heat demand. The RHI is designed to encourage
the production and use of renewable heat sources by providing
funds to owners for every kWh produced. The sources funded
(at different rates) include biomass, ground source heat pumps,
air source heat pumps and solar thermal. A premium will be
paid for heat exported, but it must be demonstrated that the
source is connected to a heat network — otherwise it would be
possible to collect income by generating unwanted heat and
wasting it — and certain quality standards must be met. Tariffs
up to 18 p/kWh are available, depending on the type of renew-
able and size, and will last for up to 20 years.
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Example

A 6 m? roof-mounted solar thermal panel in the north of England costs
around £6000 and produces 2705 kWh/year. Under RHI the owners
can claim 18 p/kWh = £2705 x 0.18/year = £486.90 per year for 20
years, i.e. a total of £9738.00, greater than the cost of the panel. This
is in addition to the savings made by offsetting fossil fuel use.

These amount to (assuming gas used at 80 per cent efficiency and
4.5p/kWh):

£2705 x 0.045/0.8 = £152/year
= £3040 over 20 years, a total saving of £12,778.

Payback period (PBP) without RHI = 6000/152 = 39 years.
PBP with RHI = 6000/638 = 9.4 years.
Carbon dioxide (CO,) savings 498 kg per year.

With RHI and a ground source heat pump (GSHP), the example in Case
study 2 (see page 147) would cut the PBP of the GSHP from 11 to 5.2
years.

Building Reqgulations

Most developed countries either have or are producing building
codes to limit heat transfer through individual building elements
or overall energy consumption.

Part L of the Building Regulations in England and Wales
(Section 6 in Scotland) lays down the required standards for
U-values, air-tightness, boiler efficiency, heating and hot water
systems and controls, metering, and light fittings. Calculations
are required to demonstrate compliance. Many of the regula-
tions only apply to new build, but increasingly stringent
standards are being applied to refurbishments, extensions and
conversions.

Some of the practical implications are as follows.

Replacement windows are required to conform to the new
U value standards (1.8 — 2.2 W/m?K), implying the use of low-
emissivity rather than plain glass. The thermal performance of
an extension will normally have to meet that of new build.

New U-values for walls at the time of writing are 0.19
W/m?K.



Air leakage targets are also becoming stricter — designers
will be required to demonstrate that the building meets a target
of 10 m’/h/m? at an applied pressure of 50 Pa by using a blower
door test.

The regulations also now make reference to the reduction
of cooling energy to encourage designers to introduce such
passive systems as night cooling and increased thermal mass for
damping of heat gains.

Local authority requirements

Many local authorities have now set up planning regulations
concerning new buildings in their area which are more stringent
than the Building Regulations requirements. The borough of
Merton led the way, insisting that 10 per cent of the energy to
be used in the building should be generated from renewable
sources; other authorities have now adopted this rule, which has
become known as the ‘Merton rule’. It has been argued by some
that a building would be more carbon-efficient if instead the
loads were reduced significantly, rather than generating unnec-
essary power. Indeed, these local authority requirements have
largely been superseded by other measures including the Code
for Sustainable Homes and feed in tariffs, which provide much
better incentives.

European Directive on Energy in Buildings

This came into force in the United Kingdom in January 2006,
affects domestic and non-domestic buildings, and was intro-
duced to help meet Kyoto commitments. Amendments were
made in 2010.

The main manifestation in our buildings has been the
display of energy performance certificates (EPCs). These have to
be produced by a certified assessor. The Building Research
Establishment (BRE) and others offer courses through which
engineers and others can become certified. The calculation
method used is the simplified building energy model (SBEM).

sjueub pue uolje|siba|

€Ll



il

sbuipjing ul Juswabeuew Abisus o3 apinb e

Main requirements

e Minimum energy performance for all new buildings (calcu-
lated by a prescribed method).

e Minimum energy performance for large existing buildings
subject to major renovation.

e Energy certification for all buildings.

e Regular mandatory inspection of boilers and air-condi-
tioning systems in buildings.

Public buildings are required to display the energy certificate,
and it is perhaps too early to say whether this has had the
intended effect of encouraging greater energy efficiency.

Climate Change Levy

The Climate Change Levy (CCL) came into force on April 1
2001, following the recommendations made in Lord Marshall’s
report Economic Instruments and the Best Use of Energy
(October 1998) and two years of consultation with industry. It
is a tax on energy use in industry, commerce, agriculture and the
public sector. All UK businesses and public sector organizations
pay the levy via their energy bills, but fuel oils do not attract the
levy as they are already subject to hydrocarbon oil duty. The
effect is to increase energy bills by 10 per cent or more. There is
an additional £150 million of government assistance to business
for energy efficiency measures.

CHP may be exempt or attract less CCL compared with
conventional generators, depending on a number of factors
including the scale of generation, the quality index (QI), and
power efficiency (PE) (see Chapter 4).

Energy from renewable sources is exempt from the levy,
and energy-intensive users who sign a climate change agreement
(CCA) with the Department for Energy and Climate Change are
eligible for a reduction of up to 80 per cent.

Small businesses paying VAT at a reduced rate are auto-
matically exempt from the levy. One of the original intentions
was to aid manufacturing industry by raising the price of energy
relative to labour, and it was therefore expected to have a
favourable impact on employment. The revenues raised are



recycled to business through a 0.3 per cent reduction in employ-
er’s National Insurance contributions. Overall, the levy is
intended to be revenue neutral: in other words, the amount the
government gains in levy is paid in out in a reduction in the NI
contributions. There have, however, been criticisms from manu-
facturing industry that some sectors lose out considerably.
Businesses that use large amounts of energy but have few
employees (such as Scotch whisky distilling) are net losers, while
employers that use relatively small amounts of energy but have
a large number of employees, such as the Royal Mail letter ser-
vices, are large gainers.

Tax revenues are recycled into support for energy effi-
ciency, and heavy industrial energy users can obtain partial
rebates by entering into energy efficiency agreements with the
government. The CCL in the United Kingdom is administered
by HM Revenue and Customs, to which application should be
made for registration and exemption. It was expected to deliver
a saving of approximately 5 million tonnes of carbon a year by
2010, and there is some evidence that the effect of the levy on
fuel price, particularly electricity, has encouraged greater
efficiency.

Emissions trading schemes

The UK Emissions Trading Scheme (ETS) was voluntary, and
ran as a pilot scheme for the European Union’s ETS (EUETS),
which covers over 10,000 installations, which together are
responsible for almost half the EU emissions of CO,. The rules
apply mainly to those in the industrial sector, such as iron and
steel, cement, glass, ceramics and paper manufacture. Large
emitters must monitor and report their emissions, and must
return emission allowances equivalent to their emissions, on a
yearly basis. If their emissions are higher they may purchase
more credits, or sell them if emissions are lower. Thus, credits
may be traded on an exchange. It was a policy introduced to
help the European Union meet the Kyoto Protocol targets, and
it was hoped that the existence of a market would drive emis-
sions downwards. Although some reductions in overall emissions
have been made, it is felt that more could have been achieved if
targets had been made more demanding. much of the reduction
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in emissions that has taken place has been attributed to the eco-
nomic downturn rather than improvements in efficiency.

As an example of how emissions trading works, consider
two companies, A that is able to cut carbon emissions at a cost
to itself of £5/tonne CO,, and B that is able to cut emissions at
a cost of £9/tonne.

A sells 1000 tonnes to B at £7/tonne, i.e. £7000, thus
making £2000 profit.

B buys 1000 tonnes from A at £7/tonne, saving itself
£2000.

Carbon Reduction Commitment (CRC) energy efficiency
scheme

The CRC scheme is aimed at cutting those CO, emissions in
large public and private sector organizations not already
involved in CCAs under the CCL and the EUETS. The organiza-
tions involved are collectively responsible for about 10 per cent
of UK emissions.

For organizations that consume more than 6,000 MWh
per year, metered through a half-hourly electricity meter, par-
ticipation is mandatory, and they must register with the
Environment Agency. Annual league tables of performance are
produced, and organizations are encouraged to develop better
energy management strategies.

Beginning in 2012, participants will buy allowances from
the government each year to cover their emissions in the previ-
ous year. Thus if they reduce their energy use they can lower
their costs. Allowances were initially to be priced at £12 per
tonne of CO, for the first year and then allowed to vary accord-
ing to market demand.



CHAPTER 8
CONTROLS AND BUILDING MANAGEMENT
SYSTEMS

Heating, ventilation, lighting and air-conditioning systems all
require controls so that the spaces which they service enjoy the
environmental conditions demanded. Controls are often, and
perhaps should be, almost unnoticed by the building user, and
automatic control can be a contentious issue. In a modern build-
ing it is expected that appropriate conditions will be provided
without the need for intervention, but people also like to have
personal control over their environment. The optimum solution
is often some form of automatic control but with manual over-
ride facilities to suit the user’s needs. Conventionally, each
service had its own control system, but in the last thirty years
building management systems (BMS), which can in theory
control all the systems under one umbrella, have become stand-
ard in most non-domestic buildings.

Before BMS were developed, individual modules were used
to control specific functions or items of building services plant;
they are still used in smaller buildings and of course in many
older buildings. These typically control:

temperature
humidity

time of day switching
power management
optimum start/stop
light switching.

They have certain disadvantages in comparison with BMS. They
are not necessarily much cheaper, the data is not available for
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output elsewhere, and they tend to operate on fixed algorithms
with no centralized control and no monitoring and logging
facilities.

While a dedicated controller for an air-conditioning system
may control the temperature and humidity well, it has certain
disadvantages from the point of view of energy efficiency.

e It may not be possible to have a complete overview of all
the conditions and settings at any one time.

e There are generally no facilities for recording settings,
environmental conditions or operation, to build up a his-
torical record of performance.

These limitations make it difficult to assess the energy efficiency
of the system or to tune it for maximum efficiency, but these
issues can be addressed by the use of a BMS.

The cost of the energy consumed in non-domestic build-
ings in the United Kingdom is about £8000 million per annum,
rising steeply year by year. BMS have the capability to operate
buildings more efficiently to reduce these costs, but often the
operators are non-technical personnel with a limited under-
standing of their potential. A correctly set up and operated BMS
can help with automating the operation of a building and
improve energy efficiency, but one that is incorrectly used not
only costs a great deal to purchase, it could actually waste
energy.

BMS are also known as building automation systems
(BAS), energy management systems (EMS), energy management
and control systems (EMCS), central control and monitoring
systems (CCMS), and facilities management systems (FMS). For
the sake of simplicity the term BMS is used here to cover all
these variations.

The operations that a BMS can perform range from the
simplest task such as turning off heating when not required to
the performance of complex procedures such as tracking tem-
peratures, adjusting outputs, logging conditions and control
sequences. In the hands of a well-trained operator a BMS enables
energy usage to be firmly controlled. As well as controlling those
functions mentioned above, the BMS might also interface with
other control and monitoring services such as safety, access,



lifts, security systems and fire security systems, or even be fully
integrated with them.

A BMS may control only a few functions in a small build-
ing, or many functions in a group of buildings many miles apart.
It is important that the BMS is no more complex than required
for successful running of the building, as excessively complex
systems are a waste of money and tend to be under-used.

Only a few years ago BMS were only considered as an
afterthought for many buildings, but if designed in from the
beginning of the services design process they should enable
greater efficiencies in both energy and operational costs to be
achieved.

In the past BMS were only cost-effective in very large build-
ings, but in recent years the cost in real terms has fallen so much
that they are competitive with stand-alone controls in most
buildings. Current systems are modular in form, which means
that if the building is extended, units can be linked together to
control the enlarged building.

In a hard-wired system much of the cost is associated with
cabling and installing the sensors, and it is often the case that it
is not worthwhile incorporating a BMS into an older building
unless a general refurbishment is taking place.

Comfort and environmental control

Heating and lighting systems have long been subject to auto-
matic control, since it is neither convenient nor cost-effective to
continually adjust controls on boilers and air-conditioning
systems in large buildings. A major stage in automatic control
came with the development of central heating provided from a
single boiler controlled by a suitably located thermostat.
Temperature control of individual rooms became available with
thermostatic radiator valves (TRV), which can be manually
adjusted to suit individual requirements. The use of gas and
liquid fuels, along with electric timers, made automatic control
of the boiler easier and provided some flexibility in timing, but
it was the advent of physically small and cheap computing
systems that heralded the development of BMSs, with fully flex-
ible timetables and multiple zones, and made possible the
associated managerial, operational and energy efficiencies.
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Figure 8.1 Conventional control of a single-zone constant-volume all-fresh air
ventilation system using two-position control

Two-position control

In order to understand the benefits of a BMS, it is useful to con-
sider a simple stand-alone control system, an example of which
is shown in Figure 8.1. Here a room is provided with ventilation
at a constant rate, and a thermostat temperature sensor switches
a heater battery on and off in order to maintain a constant tem-
perature. When the thermostat detects a deviation below the
set-point temperature, a signal is sent to the actuator in the con-
troller to open a switch that turns the heater battery fully ON
(using a two-position ON/OFF control). The information from
the signal sent by the thermostat is available only to the actua-
tor, and the switch is controlled only by the information from it.
This limited use of information is typical of conventional con-
trols. The only other information controlling the system might
be from an overriding timer which limits the ON and OFF
periods to certain hours in the day, and switches the fan off and
on at those times. A cut-out link prevents the heater from oper-
ating when the fan is off.

The simple control system in Figure 8.1 is not particularly
good at giving close control of temperature in the space, and is
not optimized for energy efficiency. Nor is there the facility for
recording the conditions, running hours and energy consump-
tion of the system. The two-position control (ON/OFF) is
particularly poor, and is dependent on the electromechanical
properties of the components. Solid-state systems are capable of
providing much more accurate control of conditions.



The thermostat used to control the heater battery in Figure
8.1 is likely to be of the bimetallic strip type, and switches the
heater battery fully ON or OFF. A control differential defines
the limits between the ‘on’ and ‘off’ points on the thermostat; if
it is too small the switching frequency will be too high, leading
to excessive wear and accelerated breakdown. An operating dif-
ferential defines the difference between the highest and lowest
temperatures in the room as the heater cycles between on and
off, and is larger than the control differential because of the time
lags in the system. After the heater is turned off it remains hot
for some time, causing the temperature to overshoot on the high
side of the set point (see Figure 8.2). The greater the physical
distance between the heater and the room, the higher the over-
shoot will be, because of the increased time lag. In applications
such as domestic hot water storage tanks, a large operating dif-
ferential is not critical, but when heating a room any overshoot
represents wasted energy and possible discomfort for the room
occupants.

The operating differential can be reduced by employing
timed two-position control, where a small heater is built into
the thermostat. When the thermostat calls for heat, this heater is
energized and the heat generated within the thermostat causes
the thermostat to close the heating valve earlier and limit
overshooting.
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Figure 8.2 Two-position control. Time spent above the control differential
represents wasted energy and possible discomfort
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Proportional and other controls

In contrast to two-position control, which is 100 per cent ON
or 100 per cent OFF, many controls, particularly within BMS,
are proportional. That is, a control unit sends a signal to the
heater whose magnitude is proportional to the deviation from
the set point. As the temperature approaches the set point the
output from the heater falls, so overshoots are reduced, and
both temperature control and energy efficiency are improved.
Other forms of control such as floating, proportional, integral,
derived and PID perform better than two-position control, and
are found in BMS applications.

Closed and open loops

The system shown in Figure 8.1 is an example of a closed loop
system in which the result of the control action (that is, the room
temperature) is fed back to the controller. In an open loop
system there is no feedback and the result of the control action
does not affect the input to the controller. An example of this is
heating control based on a thermostat mounted on an outside
wall of a building. Its operation is based on the assumption that
the heating demand is inversely proportional to the outdoor
temperature, which in a general sense is correct, but other
factors will influence the heating demand, such as open doors
and windows and variations in the number of occupants, and
these are not taken into consideration. The outdoor tempera-
ture is unaffected by either the state of the heater or the indoor
temperature. Clearly such systems used alone have serious limi-
tations and may result in poor control of internal conditions,
but they are still found in older buildings. Often, though, outside
temperature sensors are used in addition to indoor sensors in a
more complex control loop — for frost protection, for example,
or in a compensator.

An example of where an open loop system can be useful is a
lighting control system where the lights can be dimmed according
to the outside light level. The level of daylight outside the building
will not be affected by the lighting level inside the building.



System compatibility

In the early days of BMS, components from different manufac-
turers were not compatible, because of the use of proprietary
communications protocols (the ‘language’ used for communica-
tion within the system). The implication of this was that the
whole system — sensors, actuators, central control and software
— had to be purchased from the same manufacturer. More
recently movement towards a truly common communications
protocol has been made, and a number of ‘open protocols’ have
been available for some time, including BACnet, Batibus,
Lonworks and EIBus. Thus a BACNet compatible valve actua-
tor from one manufacturer will operate correctly with a BACNet
compatible sensor from another. KNX is a standard open inter-
face which allows the integration of a number of applications,
for which around 200 manufacturers produce compatible
devices.

Lighting control is often run from a completely separate
system from heating, ventilation and air conditioning (HVAC),
and a number of sophisticated lighting controllers use the DALI
(digital addressable lighting interface) protocol, which is KNX
compatible.

Fire and safety systems may be integrated with the BMS,
but it is often felt that a separate fire safety system gives greater
protection than one that is fully integrated. If the systems do not
use the same protocols they can be integrated through ‘gate-
ways’ installed for each of the separate services, which can then
be programmed to provide a communications network between
the separate systems.

Functions of a BMS

The functions provided by a BMS include control of plant, such
as:

e automatic switch on/off of heating, ventilation, air condi-
tioning and lighting

e optimization of plant operation and services to minimize
energy consumption and improve maintenance

SwajsAs juswabeuew buipjing pue sj0Jj3u0d

or4l



val

sbuipjing uj Juswabeuew Abisus o3 apinb e

e maximum use of outside air for cooling air-conditioned
buildings

e the provision of multiple timetabling and scheduling
opportunities, for example weekdays, weekends and
holidays.

Functions concerned with monitoring of plant status and system
variables include:

e sensing values of important parameters such as tempera-
ture, flow rate, humidity, valve position, and plant on/off
status

e generating alarms when pre-set values are exceeded

e helping with maintenance by assessing the state of plant
(such as the cleanliness of filters)

e taking more rapid remedial action in case of faults, thereby
minimizing damage or disruption.

A BMS can be used as an aid to effective maintenance. Routine
maintenance increases the potential life of a control system and
reduces the frequency of breakdowns and emergency repairs.

The output from the BMS can be linked to a computer-
based maintenance system which enables preventive maintenance
to be carried out, making it easier for replacement to be made
based on the number of hours plant has run, rather than using a
fixed period of elapsed time. The switching functions of plant
items such as compressors, fans, pumps and boilers can be
logged, and the software will total the hours run for each item
of plant in order to generate appropriate work orders. This
creates an effective preventive maintenance regime under which
replacement of parts can be carried out at convenient times with
a consequent reduction in breakdowns and unplanned time-
outs. It may in fact lead to the amount of maintenance work
being reduced, as the servicing is scheduled according to the
hours run rather than time elapsed. When an item of plant such
as a pump goes beyond its recommended service interval, an
alarm report can be generated to remind the staff that it is
overdue for servicing. Maintaining items of plant in top condi-
tion will enable them to run at their maximum efficiency for
longer and save energy in the long run.



A common BMS feature is the use of pressure sensors to
monitor the pressure drop across an air filter in the HVAC system.
As the filter becomes dirty the pores clog up and the pressure
drop across it increases. When it exceeds the set point the BMS
will issue an alarm indicating that the filters need changing.

Sometimes an actuator handle shears off the shaft on a
three-way valve controlling a heating system; the valve actuator
position sensor indicates that it has closed correctly, but the hot
water continues to flow through the system and the room tem-
perature rises beyond its set point. Monitoring of the
temperatures and sequence of control actions enables the fault
to be traced more quickly than without the BMS.

BMS score over stand-alone controls in the provision of
energy management information such as monitoring instantane-
ous energy consumption and temperatures. The extraction of
stored historical data and comparison with current values
enables trends in consumption to be identified and data for
M&T, degree days, CUSUM and other forms of analysis to be
generated. Over the longer term, this allows the effectiveness of
energy-saving measures to be assessed by ‘before’ and ‘after’
interventions.

If a heat meter is fitted the boiler efficiency may also be
assessed using BMS data and the method shown in Chapter S.

Time spent inspecting plant and reading meters manually
can be saved, and clocks for an entire installation can be adjusted
for summertime change by a few strokes of the keyboard instead
of having to visit each plant room separately.

Surveys suggest that only 30 per cent of the capacity of a
typical BMS is currently put into use, largely because of insuffi-
cient training. Often BMS are set up to produce a large amount
of data, much of which goes unanalysed. A survey of 50 manag-
ers showed that 82 per cent had BMS but only 2 per cent were
able to use them for targeting.

BMS configurations

A BMS requires sensors to measure variables such as tempera-
ture and pressure, actuators which will switch the plant on and
off and vary the position of valves and dampers, and an intelli-
gent controller. A number of configurations are possible.
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Figure 8.3 Star or radial layout of a BMS

A radial or star layout, typical of older systems, is shown in
Figure 8.3. Each sensor and actuator is hard-wired directly to a
central control station. This layout is simple and effective, but in
larger buildings may require long cable runs, which are expen-
sive and which may result in significant voltage drops, leading
to operational difficulties. All the processing will be carried out
at the central station.

Modern systems use outstations which gather together
local data and control points and permit shorter cable runs
(Figure 8.4). Since each outstation possesses a certain level of
processing capability, a central station is not necessarily
required, as the outstations can be connected together. Access
for downloading data or changing setpoints can be made by
plugging in a laptop, and can be controlled by the use of pass-
words. This has major advantages for large organizations such
as local authorities and those with sites spread widely over a
large area. A central ‘building management facility’ can control
and collect data from all the buildings on the system into one
location. It is common now for BMS to be accessible through
internet browsers, providing even greater flexibility, and build-
ings on sites throughout the country can be monitored and
controlled from a central facility.

A further BMS configuration is ring topology (see Figure
8.5), in which the network cable is connected to each station in
turn and information travels round the ring in one or both direc-
tions. This is often used in integrated systems, which may include
intruder and access systems, fire alarm and file management
systems along with the control of the HVAC equipment.



— outstation outstation

sensor sensor
actuator actuator
sensor sensor
actuator actuator
sensor sensor
actuator actuator

Figure 8.4 Bus connection of multiple intelligent outstations

outstation

outstation outstation

outstation

Figure 8.5 Outstations connected in a ring topology

Typical operation of a BMS

A room heater of the type shown in Figure 8.1 may be con-
trolled using a BMS like that shown in Figure 8.6, which shows
the main elements of the BMS. These include:

a central control unit
outstations

Sensors

actuators

cabling.
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Figure 8.6 Typical BMS components

A signal is sent from a temperature sensor in the room (such as
a thermocouple) via the cabling to the outstation. At the outsta-
tion, the signal is checked against a previously entered set-point
temperature. If the temperature is below the set-point a signal
will be sent to the actuator to switch the heater battery to an
appropriate level of output. Periodically, signals indicating the
room temperature and the heater battery status will be requested
by the outstation and central station, and will be transmitted
and stored by the central station as required. In distributed intel-
ligence systems the central station will only be involved in setting
the set point and in recording the system settings; the major part
of the processing is carried out by the outstation.
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Figure 8.7 Compensated control of a heating system

Compensated on/off control of a heating system

In compensated control the flow temperature of the water
flowing through a central heating system is adjusted according
to the outside air temperature. If the outside temperature rises,
the water flow temperature is reduced, thus allowing lower tem-
peratures to be used in milder conditions (see Figure 8.8).
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Figure 8.8 Compensator schedule
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Figure 8.9 Optimum start

The temperature of the boiler flow as sensed by the flow tem-
perature sensor is varied as a function of outdoor air temperature
by the controller, which varies the position of the three-way
valve and also cycles the burner on and off. The room tempera-
ture sensor may also be used to provide room influence control
by resetting the compensation ratio. An increase in room tem-
perature would lower the compensation ratio, and a decrease in
room temperature would raise the compensation ratio.

Optimum start/stop

Since there is thermal inertia in a heating system (distance—veloc-
ity lag) and the building itself, the effects of switching the heating
system in a building on or off are not felt immediately. When a
heater in a room is switched off it may be half an hour or more
before the room becomes uncomfortably cool. In a heavyweight
building such as an old stone church there will be a long time
lag, but in a lightweight building such as a portable shed it will
be very short; it will heat up quickly and cool down quickly. In
order for a building to achieve the required temperature at the
appropriate time, the heating must be switched on some hours
beforehand. How much earlier depends on a number of factors,
and in particular:

e the temperature inside
e the temperature outside



e the thermal mass of the building and the type of heating
system.

In older buildings without BMS, simple timers were set for the
severest conditions and rarely altered subsequently. In milder
conditions, which in fact cover most of the heating season, the
building reaches the target temperature some hours before
opening time, thus wasting energy (see Figure 8.9). There is a
maximum rate at which the internal temperature can rise, which
will depend on the thermal properties of the building and the
heating system, and the outside temperature. Optimum start
controllers incorporate an ambient air temperature sensor fixed
to the outside wall, an inside temperature sensor, or both. They
include algorithms to calculate the appropriate start-up time
from a combination of time and temperature inputs, and usually
include a frost protection facility.

Optimum stop controllers and optimum start/stop for air
conditioning are also available. Building Regulations specify
that an optimizer or optimum start program is required for
buildings with a space heating load of more than 100 kW.

Electrical load management

Demand side management is so called because customers create
a demand for energy which is then supplied mainly by utility
companies. To some extent it describes what happens as a result
of energy management. Supply side management refers to the
various operations carried out by utility suppliers, and is nor-
mally designed to enable them to supply power or fuel at the
cheapest generation prices, and to set tariffs at a level that recoups
the generation prices and provides an appropriate profit. As
demand for electricity increases, less efficient generating stations
are brought on stream (so the average cost of generation increases)
and the price per unit paid by the customer increases accordingly.
Per kilowatt hour, electricity is the most expensive fuel in most
locations, and accounts for a substantial proportion of the fuel
bill in office buildings, which have high air-conditioning and
lighting loads. Peak-lopping and load-shifting operations may be
programmed through the BMS to reduce high demand penalty
charges and avoid peak charging periods.
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Figure 8.10 Effect on maximum demand of staggering switch-on

Large users of electricity pay a maximum demand charge based
on the maximum power used at any one time over a specified
period, in addition to the actual electricity units used. For a
large organization this can amount to several thousand pounds
per month. Maximum demand penalties can be avoided by



staggering machine start-ups, and shedding loads according to
pre-set priorities: for example, switching off non-essential items
of equipment at times of high demand, and so lopping the peak
demand and reducing the overcharge. This does not actually
save energy but reduces costs to the consumer. In items such as
water heaters and refrigeration plant there is considerable
thermal inertia, and switching off for short periods results in a
non-significant loss of service and may avoid high cost penalties.
Demand can be monitored and plant switched off on a priority
and size basis.

The example in Figure 8.10 shows how the staggering of
the start-up of two electric motors enables the peak current
draw to be reduced. The start-up current is high, but demand
falls back to a fraction of the peak value after a few seconds. If
both motors are started simultaneously peak demand is 4 kW,
while if the loads are staggered the peak demand falls to 2.5 kW.

Savings from BMSs

Levermore (2000) surveyed a number of sites to estimate where
BMSs were achieving savings. (The results are shown in Table
8.1.) An overall payback period of 5.8 years was achieved. In
one building 30 per cent of sensors gave dubious readings
because commissioning was rushed.

Table 8.1 System integration

Measure Percentage saving
Increased heating system efficiency 6.6
Optimum start 5.1
Reduced internal temperature 4.6
Correct holiday settings 4.1
Optimum stop 3.1

The various systems in a building, including BMS, fire, security,
and access control, may be integrated in a number of ways,
either physically or organizationally. While physical integration
has been technically possible for some time, it can create organi-
zational difficulties, such as a clash of functions. For instance, if
security is integrated with environmental control, it may not be
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clear where responsibilities lie, and so is often not implemented.
Detailed contractual arrangements need to be put in place from
the outset so that the energy manager and others know exactly
the extent of their responsibilities.

The advantages of integration are:

e A reduced number of contacts and contracts, for example
for maintenance.

e A reduced amount of cabling.

e The integrated system can use a TCP/IP ethernet network
for control.

e Reduced cabling/equipment costs, for example through use
of shared sensors.

e Reduced staffing levels and therefore costs.

e Increased speed of response and quality of data for deci-
sion making.

e Streamlined operation by centralized presentation of
information.

e Shared data bases.

e A standardized interface reduces training requirements.

e Improved monitoring of all sensors and similar equipment
means that systems should operate better in emergencies,
as faults can be more rapidly repaired and overall mainte-
nance standards kept higher.

e Increased flexibility. One sensor may fulfil a number of
functions. The integrated system can use sensors from one
sub-system for other sub-systems: for example, occupancy
sensors used for lighting control can detect the presence of
personnel in the building and alert the security sub-system.
It may also be desirable to link this in with the fire alarm
system, so that if the access system indicates people are
working in a particular area, then in the event of a fire,
those in charge know to look out for people there.

e Improved energy efficiency. Occupancy sensors or access
sensors can also be linked to the HVAC system, so that
rooms are only heated or air-conditioned when occupied.



Disadvantages or obstacles to integration are that:

e If one system fails, all systems may fail.

e Traffic loading on the network could cause problems. This
is potentially dangerous if the fire alarm system is trying to
communicate over an already busy network.

e There could be disputes over job functions and seniority.

e In spec-built offices the precise functions required may not
be known.

e There are always ‘teething problems’ when implementing
new technology.

e The interface might become too complicated for efficient
operation.

e Downtime for maintenance might affect all systems
simultaneously.

e Different protocols in the sub-systems might lead to exces-
sive use of gateways and increase hardware costs.

The BMS can assist with commissioning the building, since it
incorporates the sensors and logging capabilities required to
check the set-up and operation of the HVAC plant.
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CASE STUDY 1
AN OFFICE BUILDING WITH MEDIUM-LEVEL
GLAZING

This case study concerns an office building located in an out-of-
town business park. It consists of mainly open-plan office space
with a small number of meeting rooms. The rooms are spread
over two storeys and the net usable area is 3398 m2. The heating
is controlled by a thermostat in each open-plan space. An air-
conditioning system cools the server room and the meeting
rooms, amounting to approximately 10 percent of the floor area
of the building. Operation of heating and cooling plant is based
on the hours of 7.00 to 22.00 each day, the boiler efficiency is
estimated at 70 per cent, and a BMS is fitted but only the basic
features are utilized.

The energy consumption figures are shown in Table CS1.1,
and may be compared with the benchmark figures from ECG 19
in Table CS1.2. A limited energy audit was carried out on the
building.

Table CS1.1 A summary of the energy consumption, percentage of total, and costs,
for case study 1

Application | Consumption | % of Cost % of total
kWh total £ cost
Heating 671,644 79.8 30,223.98 61.8
Cooling 6,770 0.8 744.7 1.5
Lighting 95,144 1.3 10,465.84 21.4
Other 67,960 8.1 7,475.6 15.3
Total 841,518 100 48,910.12 100.0




Table CS1.2 Good practice and typical annual energy consumption for the building
based on benchmarks in ECG 019 (adjusted to allow for A/C for only 10% of the
building) Total energy use kWh /year

Application Good Practice Typical

Heating + hot water 329,606 604,844
Cooling 4,757 10,533
lighting 91,746 183,492
Other electricity 101,940 132,522
Total 528,049 931,391

The figures show that the performance is better than typical, but
falls short of best practice. Thus, there is room for some improve-
ments to be made. Closer inspection of the figures shows that
the potential areas of improvement are heating and hot water,
and lighting.

The U-values of the elements, from the original building
data, are as shown in Table CS1.3. The glazing ratio (GR) is 50
per cent.

The lighting level throughout the offices is 300 lux, which
is an appropriate level for open-plan offices but is not particu-
larly efficient at 20 W/m?. This gives a total installed wattage of
69,960 W, which, allowing for a diversity factor of 0.5 gives an
annual energy consumption for the lighting of 95,144 kWh.
Other electrical use is estimated at 20 kWh/m?/year, giving an
annual total of 67,960 kWh (11.4 per cent of total energy use).

The building is located in Scotland where heating degree
days = 2500 and cooling degree days = 108.

Applying correction factors of 0.75 for five-day week use
and 0.6 for intermittent plant operation, the annual heating
energy consumption = 17413 x 0.75 x 0.6 x 0.024 x 2500/0.7 =
671,644 kWh/year (80 per cent of total energy use).

Allowing for a coefficient of performance (COP) of 3.0 for
air conditioning, the cooling energy is 17413 x 0.75 x 0.6 x
0.024 x 108/3 = 6770 kWh/year (0.8 per cent of total energy
use).

A summary of the energy consumption, percentage of total,
and costs, is given in Table CS1.1.
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Table CS1.3 Case study 1 energy consumption figures

Element | U-value Area UA (W/K) | % Fabric % Total
(W/sq.m.K) | (sq.m) heat load heat load

Walls 0.84 480 403.2 5.5 2.3

Glazing 5.6 480 2,688.0 36.7 15.4

Roof 0.49 1,699 832.5 1.4 4.8

Floor 2 1,699 3,398.0 46.4 19.5
SUA 7,321.7

Ventilation conductance | (0.33nV) |[10,092.0 58.0
TLC 17,413.7

The lighting constitutes over 20 per cent of the total energy
costs; improvements could involve improved control and/or the
use of more efficient tubes and luminaires. Short-term low-cost
measures to improve the lighting could include stickers next to
light switches. Longer-term measures requiring significant
investment involve changing the lighting control strategy to
include occupancy sensing or daylight level sensing, but it would
be more appropriate to instigate these during a comprehensive
lighting replacement programme. The long-term strategy would
include an investigation into the costs of such a programme.
The heat loss from the curtain walling represents only §
per cent of the fabric heat load and 2.3 per cent of the total
heating demand, therefore any improvements are unlikely to
prove cost-effective. A reduction of the U-value by 50 per cent,
resulting in a lowering of the energy consumption by only 2.5
per cent, would save only £130 per year at a cost of over £5000,
a payback period of over 40 years. A change from single to
double glazing saves £750 per year but at a payback period of
over 20 years. This could be justified if there were other reasons
for changing the glazing, such as rotting or corroded frames,
or for purposes of soundproofing. At this particular out-of-town
location sound pollution is not a problem and the latter does
not apply. The double glazing would have the further effect of
reducing draughts and infiltration, which constitutes a further
heat loss. Taking this into account would reduce the payback



period by another five to six years, but it remains an unattrac-
tive proposition.

Specific recommendations

If double glazing is not to be implemented, then some form
of draught stripping would reduce infiltration, with a
payback of three to four years.
Addition of thermostatic radiator valves (TRV) would
improve control and heating efficiency at a cost of £10-15
per radiator.
A rolling programme of installing sub-meters could be paid
for from the energy savings.
Investigate the possibility of providing a separating chiller
for the server room so that cooling operation can be
optimized.
Install blinds to reduce building cooling load.
Organize an information campaign to urge staff to turn off
equipment such as computers, photocopies and printers at
night.
The use of the BMS should be extended to include:

o optimum sequencing of boilers
night set-back for heating
optimum start/stop for heating
maximum use of outside air for cooling.
Limit basic hours of operation to 9.00-18.00 Monday
to Friday, and instigate a booking system for provi-
sion of services outside these hours.

o Set the BMS to log performance and use the results
for monitoring and targeting.

o This would require investment in training the build-
ing manager in the use of the BMS, but is likely to give
very quick returns.

The long-term strategy should include:

o Establish a database of energy consumption figures
and related records.

o Identify the company’s strategic plans and investment
criteria.

o Establish an energy efficiency programme.

o Establish a replacement programme for lighting.

O
O
O
O
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The specific recommendations for improvement, particularly
for heating and cooling, are highly dependent on location. If the
same building were located in London, where heating degree
days and cooling degree days are 2129 and 3635 respectively, the
heating load becomes 75 per cent (cost, 55 per cent) and cooling
load 3 per cent (cost, 5.4 per cent) of the total. In Rome, with
heating and cooling degree days of 1103 and 1173 respectively,
the heating load falls further to 55 per cent (cost, 33 per cent)
while the cooling load increases to 13.8 per cent (cost 20 per
cent).

Table CS1.4 Summary of energy consumption and costs for different locations
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Application Consumption | % of total Cost £ % of total Edinburgh
kWh cost

Heating 671,644 79.8 30,223.98 61.8

Cooling 6,770 0.8 7447 1.5

Lighting 95,144 1.3 10,465.84 21.4

Other 67,960 8.1 7,475.6 15.3

Total 841,518 48,910.12

Application | Consumption | % of total Cost £ % of total London
kWh cost

Heating 571,972 75.5 25,738.74 55.7

Cooling 22,873 3.0 2,516.03 5.4

Lighting 95,144 12.6 10,465.84 22.7

Other 67,960 9.0 7,475.6 16.2

Total 757,949 46,196.21

Application Consumption | % of total Cost £ % of total Rome
kWh cost

Heating 296,234 55.6 13,330.53 33.9

Cooling 73,508 13.8 8,085.88 20.5

Lighting 95,144 17.9 10,465.84 26.6

Other 67,960 12.8 7,475.6 19.0

Total 532,846 39,357.85




CASE STUDY 2
CONVERSION OF A TRADITIONALLY BUILT
DWELLING TO OFFICE USE

This case study concerns the adaptation of an old dwelling into a
small office premises for a software development company. The
property is a large house about 100-150 years old, situated in a
rural location in east-central Scotland. It is a traditional stone-
built house with a slate roof, internal plastering, but no insulation,
and a suspended timber ground floor. There are single-glazed
hardwood-framed sash windows. It is heated by a very old and
inefficient central heating system with large cast-iron radiators,
the boiler being highly corroded and unsafe. The house was occu-
pied by an elderly couple and has not been modernized; the
electrical wiring has not been replaced for over 40 years. The
water supply and drainage pipes are intact, but new lagging is
required on the cold water supply. The house has been empty for
two years, during which time there was a very bad winter and
some of the central heating pipes burst, as did the hot water
supply pipe to the taps. It has been purchased by a small financial
services company that wishes to convert it to office premises.
There is some land in front of the house that could be used for car
parking and a yard to the rear of the premises.

The usable floor area is 320 m?, spread over three floors.
Initially the house comprised sixteen occupied rooms, including
hallways, but it will be possible to remove some internal parti-
tions to create larger office spaces.

The accommodation required comprises offices for ten
staff, each with a desktop computer, and with one photocopier
and two printers in total, along with a small rest room with a
kettle and microwave oven. Staff toilets will be required. The
working hours will be 9.00-17.30 Monday to Friday.

Ll 9sn 92110 01 buljjamp 3j1ng Ajjeuoi}ipel] e JO UOISI9AUOD



2vi

sbuip|ing ui Juswabeuew Abiaus 03 apinb e

The first task is to establish the performance of the build-
ing as it stands. Unfortunately utility bills are not available, and
the performance is to be estimated using the known characteris-
tics of the building.

Using values of thermal properties from the CIBSE guide
Part A, the U-values shown in Table CS2.1 were estimated, and
the areas assessed from a survey of the building.

Table CS2.1 U-values for the original building fabric, case study 2

uw/ A (sg.m) | U.A (W/K) | % Fabric | % Total

sg.m.K) loss heat loss
Roof 2.3 190 437 25.1 19.9
Floor 0.9 170 153 8.8 7.0
Walls 2.3 400 920 52.9 41.8
Windows 5.7 40 228 13.1 10.4

SUA 1,738
Infiltration = 2.0 ac/hr
Ventilation conductance = 462 W/K
| | TLC 2200 | W/K

The sash windows are ill-fitting and allow draughts to enter,
and the original flues allow some ventilation. The infiltration
rate has therefore been set at two air changes per hour.

Ventilation conductance is therefore 0.22 x 2 x 700 =
462 W/K.

The total conductance is 1738 + 462 = 2200 W/K.

Using a twenty-year average degree day value for the location of
2500 DD, the annual space heating demand is 132,000 kWh.
Allowing a factor of 0.7 for intermittent heating, and 60
per cent for the boiler efficiency, this equates to an energy
requirement of 154,000 kWh, or 481.25 kWh/m?. This com-
pares extremely unfavourably with the ‘good’ and ‘typical’
values of 79 and 151 quoted in the CIBSE Guide part F. At
approximately six times the ‘good’ value, there is clearly huge
scope for improving the heating performance of the building.



Hot water and cooking energy consumption are each estimated
at 3000 kWh per year.

The other main supply of energy is electricity. In its origi-
nal use as a dwelling, electricity was used mainly for lighting
and in the central heating pump. A quick assessment is made
below.

Lighting three rooms at a time each with a 100 W tungsten
bulb, for four hours a day throughout the year, gives annual
consumption of 432 kWh/year. Energy needed for the central
heating pump, assuming a 150-day heating season, and the use
of 2kW for six hours a day, is 1800 kWh (see Table CS2.2).

Table CS2.2 Estimated original energy consumption and costs

Application kWh % Energy Cost £ % cost
Space Heating 154,000 94.92579 6,930 93.08261
Water heating 3,000 1.849204 135 1.813298
Cooking 3,000 1.849204 135 1.813298
Lighting 432 0.266285 47.52 0.638281
Other 1,800 1109522 198 2.659503
Total 162,232 7,445.52

The total electricity consumption amounts to 7 kWh/m? per
year, far below the figures for a ‘good’ office. However a direct
comparison is not realistic, as far more electricity will be con-
sumed when it is in use as an office. There will be a desktop
computer for each of the ten employees, and a photocopier and
two printers. The house should be rewired as a matter of course,
and the wiring upgraded to allow for greater consumption. At
the same time data cabling can be installed for a local area
network (LAN) and internet connections. A server will be
required and can be housed in one of the refurbished outhouses;
with appropriate ventilation, cooling will not be required for
the server. Compact fluorescent lighting will produce a high
level of savings. Table CS2.3 gives an estimate of the new elec-
tricity consumption.
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Table CS2.3 Electricity consumption in the converted building

Item Mean Hrs/year kWh/year
consumption W
Computer x 10 2,000 2,000 4,000
Lighting 10W/sg.m 3,200 1,000 3,200
Kettle 3,000 220 660
Microwave 1,000 240 240
Photocopier 300 250 75
Printer x 2 400 250 60
Total 8,235

This gives a value of 16.7 kWh/m?, significantly better than the
‘good’ value.

Options for improving the building

Since the heating is clearly the largest consumer of energy, most
of the emphasis will be placed on improving the insulation of
the building and supplying the heat from more efficient plant.
Consideration should be given not only to economics but also to
the practical aspects of adding insulation — in particular its
thickness, since the insulation will be on the inside of the walls.

Table CS2.4 suggests reasonable options for the building
fabric.

Table CS2.4 Proposals for the building fabric

Measure Thickness mm U value W/m?K
Roof insulation below rafters 140 0.25

Floor - board beneath joist 200 0.16

Walls - rigid board + plaster 100 0.35

Double glazing 2.2

This produces the figures shown in Table CS2.5.



Table CS2.5 Energy requirements of the altered building

U W/mK A m? UA W/K

Roof 0.25 190 47.5
Floor 0.16 170 27.2
Walls 0.35 400 140
Windows 2.2 40 88

SUA 302.7
Infiltration = 1.0 ac/hr
Ventilation conductance = 231 W/K

TLC 533.7
AHL 32,022
Using condensing boiler at 88% efficiency
AED 25,472.05 kWh
per mz 79.60014 kWh/m?

As there is no mains gas, the cost of gas will be slightly higher
and the cost of the storage tank must be factored in, but it
remains the cheapest fuel option for this location. The heating
performance is in the ‘good’ range mentioned earlier.

The natural choice of heating system would be either a tra-
ditional radiator system or underfloor heating. Underfloor
heating requires a greater upheaval to the building, but as the
building is empty and is to be generally refurbished this will not
increase the costs significantly and can be fitted easily into the
work schedule. It will take slightly longer to heat up an a cold
Monday morning after the office has been closed for the
weekend, but can be used effectively with high-efficiency sources
of heat such as a condensing boiler or heat pump. Incorporation
of optimum start/stop controls will enable maximum thermal
comfort and efficiency to be achieved.

Thermostatic radiator valves should be used for local
control of heating.

In such a small building a building management system
(BMS) is not worthwhile. A good programmable controller
should be installed for the heating. Time switches or motion
detectors could be used effectively with the lighting, since the
wiring and controls will be renewed in any case. For domestic
hot water, point-of-use heaters should be effective, since the
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quantity of hot water required is limited, and this obviates the
necessity for renewing the hot water pipework to the taps.

Table CS2.6 shows the new estimated energy consumption
for the converted building, and the distribution of energy costs.
The heating costs have fallen dramatically, but the electrical use
has increased due to the use of computers and other office
equipment.

Table CS2.6 New estimated energy consumption and distribution of energy costs

Application kWh % Energy Cost £ % cost
Space heating 25,472 71.33615 1146.24 53.51261
Water heating 2,000 5.601143 90 4.201681
Cooking 0 0 0 0
Lighting 3,200 8.961828 352 16.43324
Other 5,035 14.10088 553.85 25.85668
Total 35,707 2,142.09

Table CS2.7 gives approximate costs and payback periods for
the options recommended above.

Table CS2.7 Approximate costs and payback periods

Element Cost £ Annual saving £ | Payback years
Walls 4,779 2,387 2.0
Roof 6,399 1176 5.4
Floor 4,266 568 7.5
Windows 14,000 428 32.7

The boiler has not been costed as the existing one is in any case
unusable; the same applies to the lighting installation.

Other options

These include the following.

Ground or air source heat pump

In the absence of mains gas, heat pumps present an efficient
alternative for space heating. For a ground source heat pump



(GSHP), space would be available beneath the car park or back
yard for burying the coils.

Capital cost

e GSHP approx £7,000 including excavation for coils. Mean
COP 4.0.

e Air source heat pump (ASHP) approx £5,000. Mean COP
3.0.

e Electrical input for GSHP = 22,415/4 = 5603 kWh. Annual
heating cost £616.30

e Electrical input for ASHP = 22,415/3 = 7471 kWh. Annual
heating cost £821.81

Compare this with £1146 for a gas condensing boiler. The initial
cost of the GSHP will be higher, since excavation is needed for
the underground heating coils, probably not less than £7000.
Payback compared with condensing boiler = 6000/530 = 11.3
years.

Payback on ASHP = 5000/324 = 15 years.

Although these payback periods are rather long, the mainte-
nance required on heat pumps is lower. The optimum choice of
heating system would be underfloor heating, which would allow
low water temperatures and hence maximum COP to be
obtained.

Renewables

Solar hot water is also a possibility. As an office, the hot water
consumption will be limited to hand-washing, and will amount
to no more than 6000 kWh per year. A panel 3 m x 3 m (9 m?)
would produce about half of that amount, and a supplementary
heating source would still be required to top up, and for dull
days. When the cost of plumbing and connecting to the supple-
mentary source are included, it is unlikely that a system could be
sourced for less than £5000, which would give a payback of
about twenty years. The renewable heat initiative (RHI) would
reduce this by only about two years.
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Solar photovoltaics (PV)

Thanks to the feed-in tariffs (FIT) solar PV has become more
attractive economically. A 1 kWp panel would require about
8 m? and would produce about 800 kWh per year.

The maximum panel size for the roof would be approxi-
mately 50 m?, producing 7 kWp. This would produce a net
saving, when taking into account income from exported elec-
tricity, of £2100, and because of the FIT the payback is reduced
to only thirteen years.

A biomass boiler would also be an option for such a rural
location, and a detailed study would include sourcing and
pricing local biomass fuel. Storage space would also be required
(and is available at the back of the house).



APPENDIX 1
ESTIMATING ENERGY CONSUMPTION
USING DEGREE DAYS

As heating is the main consumer of energy in buildings in the
United Kingdom, it is important to acquire at least an approxi-
mate estimate of the amount of energy it consumes. In this
section the concept of degree days is introduced, and a simple
method of using them to make a rough estimate of annual
heating energy consumption is presented.

If building plans and specifications are available, then the
overall thermal performance of the building can be calculated,
and the annual heating energy consumption estimated using
computer-based simulation models or by using the calculation
methods shown below. It is a fairly simple matter to set up a
spreadsheet which will make repeated calculations easier, so
that the effect of making a range of changes to the building can
readily be assessed.

Consider a building maintained at a temperature of 20°C
over a 24-hour period. The rate of energy input required to
maintain that temperature depends on the indoor—outdoor tem-
perature difference, and the thermal properties of the building,
characterized by the sum of the fabric and ventilation conduct-
ances, here defined as the total loss conductance (TLC).

The fabric conductance accounts for conduction heat
losses through the walls, windows, doors, roof and ground floor
of the building, and is calculated by multiplying the U-value of
each element of the outer envelope of the building by its area.
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Example

Walls of U-value 0.45 W/m?K, total area 120 m?, UA (U-value of building
multiplied by area) = 0.45 x 120 = 54 W/K

UA (W/K)
Walls 54
Roof 37.5
Windows 80
Floor 30
SUA 201.5

The ventilation conductance is based on the flow rate m in kg/s
of cool air drawn into the building from outside, and is equal to
mC where C is the specific heat in J/kgK. Inserting appropriate
values of density and specific heat, this reduces to 0.33 nV where
n is the ventilation rate in air changes per hour and V is the
internal volume of the building in m®.

Thus, for V=225 andn =2, 0.33nV = 0.33 x 2 x 225 =
148.5 W/K.

TLC = ZUA + 0.33nV
TLC =201.5 + 148.5 = 350.0W/K

At any given moment the heat input required is equal to TLC x
indoor—outdoor temperature difference (AT). It should be noted
that where the air and radiant temperatures inside the building
are substantially different, this simplification introduces an error
in excess of 3 per cent. For many buildings the uncertainty in the
input data will be greater than this.

Thus the average heating demand (in W) over a day is
equal to TLC x AT,,, where AT, is the average temperature dif-
ference over the day.

The overall heating demand in kWh is given by

AT . TLC . 24/1000 kWh.

Assume that the required indoor temperature T,, is 20 °C and
that outdoors T, is 7 °C:

out



AT =20-7=13K
Total heating demand for the day = 13 x 350 x 0.024 =
109.2 kWh.

The above calculations assume there are no other sources of
heat within the building apart from the heating system, but this
is not the case — incidental gains, such as those from the occu-
pants (about 100 W of sensible heat for a person sitting at a
desk working), solar radiation, and electrical equipment such as
lights and computers all supply heat which will raise the indoor
temperature ‘free’, and will therefore reduce the amount of
heating that needs to be put in through the heating system. The
indoor temperature required is reduced by an amount equal to
that provided by the “free” gains increase to produce a base
temperature T,; the standard value used in the UK is 15.5 °C,
implying that 4.5 °C of heat are provided from sources other
than the heating system. The degree-day values to various base
temperatures are shown in Table Al. The difference between
the base temperature and the mean outdoor temperature for any
given day is defined as the number of degree days for that day.
Where T, is higher than T,, zero degree days are recorded.

Thus, using degree days in the above example, the effective
AT is given by:

out

AT =T,-T, =15.5-7 = 8.5K.

out

And the actual heating demand for the day = 8.5 x 350 x 0.024
=71.4 kWh.

To estimate the annual heating energy consumption it would
only be necessary to sum the individual daily heating demand
values; however, in the degree-day method the degree days for
each day are summed to give an annual degree-day value (Dd),
whose units are degrees x days. The degree days in effect repre-
sent the cumulative temperature difference over the year.

For the example above at a location in East Anglia (2254
DD from Table A2):

Annual heating demand = 2254 x 350 x 0.024 =
18,933 kWh
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The value of T, used is the mean dry-bulb temperature for that
day, but if this is unavailable, the average of the daily maximum
and minimum temperatures may be used. Weekly and monthly
degree-day totals are useful for detailed energy analysis, as
shown in Chapter 3.

In practice, it is not always necessary to calculate the degree
days from weather data at individual locations, as they are tabu-
lated in the CIBSE Guide A, in journals and through various
internet sites for a range of base temperatures.

This is a simplification, and assumes constant heating over
the heating season, ignores the differences between radiant and
warm air heating, and also assumes a particular level of internal
and solar gains (the basis of T,).

Correction factors can be applied to allow for intermittent
use. The actual amount of fuel used can be estimated by taking
into account the efficiency of the boiler; the annual heating
demand is divided by the fractional efficiency.

In the example used, a boiler efficiency of 75 per cent
would result in an annual energy use of 20,588/0.75 =
27,451 kWh.

With gas having a calorific value of 38.7 M]J/m’ this
amounts to an annual gas consumption of 27,451 x 3.6/38.7 =
2553 m* (1 kWh = 3.6 M]J).

Cooling degree days

It is also possible to calculate cooling degree days which enable
the annual cooling load to be determined, but different base
temperatures may be used as shown in Table A1. Using T, =15.5
°C as before, typical annual cooling degree days for London and
Edinburgh would be 365 and 108 respectively. The example in
Case study 2 shows how cooling loads are calculated.
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APPENDIX 2

ADDITIONAL DATA AND CALCULATIONS

Bills from the utility company will state the quantity of fuel
used, which may be in units of kWh, cubic metres or litres, for
example. It is convenient to convert everything to a common
unit, such as kilowatt hours (kWh). Some conversion factors are

given in Table A3.

Table A3 Conversion factors for energy units
Fuel Gross Calorific CVin kWh Quantity /KWh

value (CV)

Natural gas 38.7 MJ/m3 10.75 kWh/m? 0.09 m?
Medium oil 40.9 MJ/litre 11.36 kWh/litre 0.088 litres
Propane 93 MJ/m? 25.8 kWh/m? 0.038 m?
Butane 122 MJ/m? 33.8 kWh/m? 0.029 m?
Coal 27.4 MJ/kg 7.6 kWh/kg 0.131 kg

Note: 1kWh = 3.6 MJ

Carbon dioxide emission factors on the basis of gross calorific
value (CV) are shown in Table A4.

Table A4 Carbon dioxide emission factors on the basis of gross calorific value

Energy source kg CO./kWh
Grid electricity 0.54522
Natural gas 0.18523
LPG 0.21445
Coal 0.32227
Wood pellets 0.03895
Diesel 0.25301
Petrol 0.24176
Fuel oil 0.26592
Burning oil 0.24683

Source: courtesy of the Carbon Trust.
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Discount factor calculation

See Chapter 6. The discount factor is calculated according to
the following formula.
1
F(T) - m

Where

F. = the factor by which future cash flow at time T years
from now must be multiplied to obtain the present value.
r = fractional discount rate.

T = Time from the present in years.

Operative and dry resultant temperatures

A widely used temperature measurement for assessing the
thermal comfort of humans was the dry resultant temperature,
defined as

t.=0.5.+0.5¢,
where

t.. is the dry resultant temperature

t, is the mean radiant temperature

t, is the dry bulb air temperature

and where the air speed is less than 0.1 m/s.

A concept more widely used now is the operative temperature,
which at the low air speeds normally encountered inside build-
ings is equal to the dry resultant temperature.



SELECTED BIBLIOGRAPHY

Awbi, H. B. Ventilation in Buildings, 2nd edition, Spon, 2003.

Beggs, C. Energy: Management, Supply and Conservation.
Butterworth-Heinemann, 2002.

British Standards Institution (BSI). Energy Management Systems —
Requirements with guidance for use. BS EN 16001:2009.

Building Research Energy Conservation Support Unit (BRECSU).
Energy Consumption Guide ECG 019, ‘Energy Use in Offices.’
BRECSU. 2003.

Chang, Wei. Intelligent Buildings and Building Automation. Spon,
2010.

Chartered Institution of Building Services Engineers (CIBSE). Guide
A: Environmental Design. 2006.

CIBSE. Guide B: Heating, Ventilation, Air Conditioning and
Refrigeration. 2002.

CIBSE. Guide F: Energy Efficiency in Buildings. 2004.

CIBSE. Guide H: Building Control Systems. 2009.

CIBSE. Natural Ventilation in Non-Domestic Buildings, Applications
Manual AM10. 2005.

CIBSE. Mixed-mode Ventilation, Applications Manual AM13. 2000.

CIBSE. Managing Your Building Services, Knowledge Series KSO2.
2005.

CIBSE. Refurbishment for Improved Energy Efficiency, Knowledge
Series KS12. 2007.

CIBSE. Energy Efficient Heating, Knowledge Series KS14. 2009.

CIBSE. Testing Buildings for Air Leakage, Technical Manual TM23.
2000.

CIBSE. Building Energy Metering, Technical Manual TM39. 2006.

CIBSE. Degree Days, Technical Manual TM41. 2006.

CIBSE. Energy Benchmarks, Technical Manual TM46. 2008.

Aydeuboiljgiq pajo9|as

I

6S



(o]]1

sbuipjing uj Juswabeuew Abisus o} apinb e

Gevorkian, P. Sustainable Energy Systems Engineering. McGraw-Hill,
2006.

Levermore, G. J. Building Energy Management Systems, 2nd edition.
Spon, 2000.

Moss, K. J. Energy Management in Buildings. E & F Spon, 2006.

Underwood, C. P. HVAC Control Systems: Modelling, Analysis and
Design. Spon, 1999.

Journals

Energy World. Available to members of the Energy Institute.
Energy in Buildings and Industry: www.eibi.co.uk

CIBSE Journal. Available to members of the CIBSE.

Energy & Environmental Management:

www.eaem.co.uk

Useful organizations

Building Research Establishment (BRE), Garston, Watford, Herts
WD2 7]JR. 01923 664258.
www.bre.co.uk

Building Services Research and Information Association (BSRIA). Old
Bracknell Lane West, Bracknell, Berks RG12 7AH.
www.bsria.co.uk

Chartered Institution of Building Services Engineers (CIBSE). Delta
House, 222 Balham High Road, London SW12 9BS. 0181 675 5211.
www.cibse.org

The Carbon Trust administers many of the British government’s
energy efficiency programmes and provides advice and literature,
much of it free, aimed at commercial buildings and the public sector.
www.carbontrust.co.uk

The Energy Saving Trust also provides energy saving advice and is
aimed principally at the domestic sector.
www.energysavingtrust.co.uk.

The Energy Institute (EI). 61 New Cavendish Street, London W1G
7AR. 0171 580 7124. The professional body for those working in
energy.

www.energyinst.org.uk


http://www.eibi.co.uk
http://www.eaem.co.uk
http://www.bre.co.uk
http://www.bsria.co.uk
http://www.cibse.org
http://www.carbontrust.co.uk
http://www.energysavingtrust.co.uk
http://www.energyinst.org.uk

INDEX

acoustics 11

actuators 120, 123, 125-6, 128

aerobic digestion 111

air conditioning 10, 12-13, 62-3;
controls 118, 119, 124; mandatory
inspection 114; optimum start/stop
131; see also heating, ventilation
and air-conditioning (HVAC)
systems

air leakage 74-6, 113

air movement 10; measurement 70-2;
through ducts 71-2

air-source heat pump (ASHP) 50, 55,
111, 146-7

airports 156

American Society of Heating,
Refrigerating and Air-conditioning
Engineers (ASHRAE) 11

anemometers 71

Annual Energy Consumption (AEC)
17

Annual Energy Cost (AEc) 17-18

annual equivalent cost (AEC) 109

appliances: heat gains through 14-16;
low-energy 14

atria 36, 41

audit see energy audit

automatic meter reading (AMR)
systems 93

awareness, raising 87-8

BACNet 123

balconies 44

batch processes 93

Batibus 123

biomass 111, 148

blinds 27, 37, 44, 139

blower door test 74—-6

BMS see building management systems

boilers 26, 34, 46; automatic control
119; biomass 148; condensing 46-7,
55, 91, 147; fossil-fuel 54; and heat
loss 19, 20; mandatory inspection of

114; measuring efficiency of 77-9,
125, 152

budgets 86, 88, 90

building automation systems (BAS) see
building management systems

building management facility 126

building management systems (BMS)
25, 38, 40-1, 69, 90, 117-35, 139;
advantages 134; alarms 93-4, 124,
1235; closed and open loops 122;
comfort and environmental control
119-20; compensated on/off control
of a heating system 129-30;
configurations 125-7; disadvantages
135; electrical load management
131-3; functions 123-5; and
maintenance 124-5; not worthwhile
in small building 145; optimum
start/stop 130-1; proportional
controls 122; savings from 133-5;
system compatibility 123; two-
position control 120-1; typical
operation 127-9; underuse of
capabilities 125

Building Regulations (England and
Wales) 8, 63; Part L 1, 11213

Building Research Establishment
(BRE) 113, 160; Environmental
Assessment Method (BREEAM) 1

Building (Scotland) Regulations 112

building services equipment 45-9

buildings: benchmark allowances for
internal heat gains 156-7; energy
use statistics 3—6; environmental
requirements 10-11; lifetimes of
different elements 38; low rate of
replacement 3, 4; plans and technical
data 25, 35-6; suitability for natural
ventilation 63; thermal properties
130-1, 149; use of renewable energy
65-6; walk-through survey 25-6;
where and how energy is used
12-13; see also fabric
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cabling, reduced 134

cameras, infra-red 69-70

carbon dioxide (CO,) emissions 1-3;
emissions trading schemes 115-16;
factors (on the basis of gross
calorific value) 155; heat pumps and
49, 55; legislation 8-9, 110;
non-domestic buildings and 5-6;
savings with CHP system 62

Carbon Reduction Commitment
(CRC) scheme 116

Carbon Trust 27, 91, 160

case studies 136-48

cavity wall insulation 5, 41, 42, 43,
110

central, control and monitoring
systems (CCMS) see building
management systems

central heating 4-5, 45, 76, 77, 119,
129

Chartered Institute of Building Services
Engineers (CIBSE) 11, 74, 142, 152

CHP see combined heat and control
system

climate change 2, 3

climate change agreements (CCA) 114

Climate Change Levy (CCL) 59,
114-15

Code for Sustainable Homes 2, 113

coefficient of performance (COP) 50

coefficient of system performance
(COSP) 51

combined heat and control (CHP)
system 56-62, 82, 86, 90, 92; and
Climate Change Levy 114; criteria
for installing 59; micro 58, 111;
sizes 58

communications protocols 123

compensated control 129-30

computers: and cooling loads 44;
energy use 4, 6, 14, 37; heat gains
from 15; lighting 11; switching off
6,26, 41,139

conservatories 36, 41

consultants 82-3

controls 117-19; automatic
(development of) 119; closed and
open loops 122; proportional 122;
two-position 120-1; see also
building management systems

conversion factors for energy units 155

cooking 4, 95; appliances 15-16

cooling 37, 51, 52, 55; degree days 97,
152, night 26, 62, 63, 67, 113; office
139; regulations 113; see also air
conditioning; ventilation

cooling load, reducing 44, 63

COSts see energy costs

cumulative sum (CUSUM) analysis 90,
94-101, 125
current clamps 70

DALI (digital addressable lighting
interface) 123

dampers 48

data collection 24-5, 35-7, 90, 91

data loggers 68, 80-1

daylight 41, 122; sensors 64, 67

degree days 30-4, 69, 79, 93, 125;
cooling 97, 152; in CUSUM analysis
9S$, 96, 97, 98; estimating energy
consumption using 149-54; London
140, 152, 153; Rome 140; Scotland
137, 140, 152

de-icers 41

demand side management 3-4, 131-3

department stores 65, 157

destratification fans and ductwork 46

deviation see cumulative sum analysis

discount factor calculation 158

discounted cash flow (DCF) 105-9

discounting 102

Display Energy Certificate (DEC)
scheme 6

doors 36, 37, 45

double glazing 5, 41, 138-9

draught proofing grants 110

draughts 45, 70, 138-9

Economic Instruments and the Best
Use of Energy (Marshall, 1998)
114

Edinburgh 52, 140, 152

educational establishments 157

EIBus 123

electrical equipment: heat gains
through 14-16, 151; see also
computers; photocopiers

electrically commutated (EC) motors
63

electricity: bills 24; CHP system
56-62; domestic consumption 4, 5;
increasing demand and costs 131-3;
load management 131-3; metering
70; solar power 110-11

emissions see carbon dioxide emissions

Emissions Trading Scheme (ETS) 115

energy audit 23-38, 68, 82, 83, 102;
analysis of data 26-7; check list
35-7; formulation of solutions 27;
pre-survey data collection 24-3,
35-7; refurbishment considerations
37-8; reporting results 27-35, 37;
summary of process 28; walk-
through survey 25-6

energy balance 13



energy consumption 3-6, 12-13;
comparing 27; CUSUM analysis 90,
94-101, 125; documenting 90;
domestic 4-35; and electrical
equipment 14-16; estimating using
degree days 149-54; forecasting 92,
97, 98-9; non-domestic 5-6; office
building case study 136-40;
techniques for reducing 39-67

energy costs 7-8, 17, 21, 85-6; fuel
prices 2, 7, 54, 115; see also
financing

energy in/energy out 13, 23-4

energy management: aims and
objectives 6-7; organization and
implementation 82-109; see also
organizations, energy management
by

energy management systems/energy
management and control systems
(EMS/EMCS) see building
management systems

energy manager, role of 9, 82-6, 134

energy performance certificates (EPCs)
113-14

Energy Ratings system 14

Energy Star system (US) 14

Environmental Protection Agency
(EPA) 52

equipment supplier finance 109

escalators 41, 65, 67

European Directive on Energy in
Buildings 113-14

European Union Emissions Trading
Scheme (EUETS) 115-16

extensions 9, 25, 112

fabric: defects 25, 40, 51; heat loss 13,
19-20

facilities management systems see
building management systems

fans: condensing boilers and 47;
destratification 46; specific fan
power (SFP) 63; switching off 26;
variable speed drives (VSD) 48-9,
56

faults, repairing 40-5

feed-in tariffs (FITs) 110-11, 113

filters, clogged 125

financing: accounting rate of return
104-5; appraisal 102-9; budgets 86,
88, 90; discounted cash flow (DCF)
105-9; cost-effectiveness 9, 54, 66,
119; economics of insulation 17,
21-2; equipment supplier finance
109; grants 110-12; internal rate of
return (IRR) 107-9; investment and
borrowing 109; margin of error 109;

net present value (NPV) 28, 105-9;
overspend league table 92; payback
period (PBP) 57, 102-3, 133; risk
87; sensitivity tests 109; see also
energy costs

fire safety systems 119, 123; alarms
134, 135

flats, high-rise 41

floors: 29, 36; insulating 42

fossil fuels 1, 2, 65; boilers 54

frost protection 122, 131

fuel: measurement of consumption
68-9; prices 2, 7, 54, 115; storage
36

gas: boilers 46-7; calorific value 152;
consumption 5, 30-4, 94-5; in
energy audit 36; prices 2

gas-to-water heat exchanger 58

gateways 123

grants 110-12

greenhouse gas emissions 111; see also
carbon dioxide emissions

ground source heat pumps (GSHP)
52-3,55, 111, 112, 146-7

guarded hot box technique 79

heat: balance 13-14; free sources of
23, 151

heat flow sensor 79-80

heat flux 79-80

heat gains 13; benchmark allowances
in typical buildings 156-7; from
electrical equipment 14-16, 151;
from lighting 15; from occupants 15

heat loss: calculation 16, 19-22, 27,
34; fabric losses 13, 19-20; locating
areas of 69; typical (UK) 29;
ventilation losses 13

heat meters 76-9, 125

heat pumps 49-56; air-source (ASHP)
50, 55, 111, 146-7; closed-loop
system 51; coefficient of
performance (COP) 50; controls for
55; design considerations 54;
domestic use 54; ground source
(GSHP) 52-3, 55, 111, 112, 146-7;
open-loop system 51-2; performance
comparison 55; ventilation and
waste heat recovery 56; water as
heat source 51-2

heating: analysis of data 30-4; in
building management systems
127-31; central 45, 43, 76, 77,
119, 129; choosing system 45-6;
compensated on/off control 129-30;
convective 45; defects 34; domestic
4-5, 12; efficiency measurement
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76-9; estimating consumption using
degree days 149-54; grants 110;
influence of the weather 92-3;
manual override 26; optimum start/
stop 130-1, 145; poor control of 34;
radiant 46; radiators 26, 45, 54;

legislation 8-9, 112-14
lifts 65, 119
lighting: calculating wattage 15, 137;

cleanliness of fittings 25; compact
fluorescent 143; control options
64-5, 122, 123; daylight 41, 122; in

space 4, 13; thermostatic radiator
valves (TRV) 119, 139, 145; two-
position control 120-1; underfloor
46,47, 53, 54, 145; warm-air 45,
46, 53, 54; see also boilers;
combined heat and control (CHP)
system; water heating

heating, ventilation and air-
conditioning (HVAC) systems 38,

48, 67, 126, 135; clogged filters 125

lighting separate from 123; sensors
134; software simulations 27

home energy assessment survey 87

hospitals 5, 157

hot wire anemometer 71

hotels 86

housing 2-3, 4-5; conversion into
offices (case study) 141-8; energy
assessment survey 87; energy-
consumption pattern 12; grants
110-12; heat pumps 54; insulation
5,11, 41-2, 110; single-occupancy

energy audit 37; high consumption
of energy 64; office 11, 12, 137,
138, 143, 145; possibility of
adjusting 26; quality 11; for safety
11; sensors 64-5, 67, 134; in
shopping centres 67; switching off
88, 89

load-shifting 131-3

local authority regulations 113

loft insulation 5, 41-2, 110

London: degree days 140, 152, 153

Lonworks 123

low-temperature hot water (LTHW)
58

maintenance 40-1, 124-5, 135

managers: of organizations 84, 88,
125; role of energy manager 9,
82-6, 134

measurements 68—81; air movement
70-2; data loggers 68, 80-1;
documenting 90; electrical power

4; smart meters 93; typical heat loss
29; ventilation 56; water heating 4,

49, 53, 54

humidity: measurement 76; relative 10;

sensors 76, 81

70; errors 81; fuel consumption
68-9; heating efficiency 76-9;
relative humidity 76; temperature
69-70, 81; U-value 79-80;
ventilation or infiltration rates 71-2,

HVAC see heating, ventilation and
air-conditioning systems
hydrocarbon oil duty 114

industry 7, 56, 97, 114-15

infiltration 19, 20, 41; blower door
test 74—6; definition 73; measuring
73-6; tracer gas method 73-4

infra-red (I-R) radiation 69-70

inspection 26, 114

insulation 9, 41-3; cavity 3, 41, 42,

43, 110; defects 25; domestic 5, 11,

41-2, 110; external 38, 41; floors
42; grants 110; and heat loss

calculation 16-17; opportunities for

86; payback calculation 17-19,
21-2; studding 42, 43
internal rate of return (IRR) 107-9
inverter drive 48

KNX 123
Kyoto Protocol 1, 113, 115

landlords 85-6
legionella 53

73-6; water flow 76

mechanical ventilation with heat
recovery (MVHR) 56

Merton rule 113

meters: automatic meter reading
(AMS) systems 93; and data
collection 24, 26; half hour
readings 90, 93, 116; heat 76-9,
125; isolating a circuit 70; smart
93-4, 111; sub-meters 24, 26, 86,
90, 139

monitoring and targeting (M&T)
91-4, 96, 125

motivation 88

net present value (NPV) 28, 105-9

night-time: cooling 26, 62, 63, 67,
113; off-peak electricity 60;
surveying for heat loss 69; switching
off equipment 6, 26, 41, 87, 89, 139

noise 11, 63

objectives: short, medium and long
term 89-90, 91; reviewing 90-1
occupancy-detection sensors 64, 134



occupants: comfort of 34-5; effect of
behaviour of 34; interviewing 26; as
source of heat 15, 23, 151; see also
staff

offices: benchmark allowances for
internal heat gains 156; case studies
136-48; conversion of old building
into 141-8; emissions 5—6; energy
consumption 5-6, 12; lighting 11,
12, 137, 138, 143, 145;
temperatures 10; typical heat loss
29; water heating 49

OFGEM 111

oil 2

open protocols 123

optimum start/stop 130-1, 145

organizations, energy management by:
assessing performance 89;
commitment 84—6; corporate
structure and management style 87;
CRC scheme 116; CUSUM analysis
90, 94-101, 125; devising energy
policy 88; documenting energy use
90; emissions trading schemes
115-16; monitoring and targeting
(M&T) 91-4; motivation 88;
opportunities for energy saving 86;
raising staff awareness 87-8;
reviewing objectives and
achievements 90-1, 92; setting up
objectives 89-90; targets 90; see also
financing; offices; staff

output, concept of 97

outstations, intelligent 126, 127, 128

overshoots 121, 122

overspend league table 92

passive infra-red (PIR) sensors 64

Passivhaus standard 2

payback period (PBP) 57, 102-3, 133

peak-lopping 131-3

photocopiers 14, 41, 87, 139

photovoltaic (PV) power 5, 65, 66,
110-11, 148

pitot tubes 71-2

plant: inspection of 26; oversized 45

plate heat exchangers 56

pollution 63

Portcullis House 52

prisons 5

process energy plots 93

pumps: variable speed drives (VSD)
48-9; see also heat pumps

qualifying heat output 59
Quality Index (QI) 59

radial layout 126

radiators 26, 45, 54; thermostatic
radiator valves (TRV) 119, 139, 145

rate of return: annual 104-5; internal
107-9

refrigerators 14

refurbishment 9, 37-8, 41, 86, 112, 119

renewable energy 65-6, 111-12, 114

Renewable Heat Incentive (RHI) 49,
111-12, 147

renewable obligation (RO) scheme 111

resistances, thermal 16

ring topology 126, 127

Rome: degree days 140

roofs 19, 20-1, 25, 29, 36

rotating vane anemometer 71

Royal Mail 115

run-around coils 56

Scotland: degree days 137, 140, 152

Scottish Environmental Protection
Agency (SEPA) 52

Scottish Parliament building 52

seasonal factors: CUSUM analysis and
97-9; disadvantages of older systems
131; office temperatures 10; summer
heat gains 13, 14, 63; summer
savings 49, 94-5, 125; winter
consumption 30, 54; winter savings
8, 56; see also weather

security systems 119, 133—4

sensitivity analysis 109

sensors 68; in building management
systems 125-6, 128, 130, 131, 134;
heat flow 79-80; humidity 76, 81;
light 64-5, 67, 134; occupancy 64,
134; pressure 125; radiation shield
for 81; temperature 69, 79, 81, 92,
120, 122, 128, 130, 131

servicing 124

shopping centres 65, 67, 156

shops 156-7

simplified building energy model
(SBEM) 113

small businesses 114-15

smoke pellets 70

software 27; M&T 93, 96

solar power 65, 110-12 ; hot water
147; photovoltaics (PV) 5, 65, 66,
110-11, 148; thermal panels 111,
112

solar radiation 23, 151

spark spread 57

specific fan power (SFP) 63

sports centres 10

spreadsheet packages 34, 96

staff: costs 7; energy champions 90;
motivation 88; raising awareness of
87-8; reducing levels 134;

Xapul
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Xapul

responsibility for energy-consuming
plant 87; see also occupants

staggering switch-on 132, 133

star-delta control 65

star layout 126

steady-state energy flow 13

sticker campaigns 88, 89, 138

Stirling engines 58

sub-meters 24, 26, 86, 90, 139

suggestions schemes 88

supermarkets 64, 157

supply side management 131

surface resistances 16

swimming pools 10, 97

switching off 6, 26, 41, 87, 88, 89, 92,
139

targets 90, 91-4, 125; activity-based
92-3; precedent-based 92

taxation 111, 114-15

TCP/IP ethernet network 134

temperature: air 10, 69, 150; dry
resultant 158; indoor-outdoor
difference 122, 129-30, 149, 150-2;
measurement 69-70, 81; operative
69, 158; radiant 10, 46, 69, 150,
sensors 69, 79, 81, 92, 120, 122,
128, 130, 131

tenants 86

thermal bridging 43-4, 69

thermal equilibrium 10, 11

thermal inertia 130, 133

thermal wheels 56

thermistors 69, 79

thermocouples 69, 79

thermometers: globe 69; infra-red 69;
resistance 69

thermostatic radiator valves (TRV)
119, 139, 145

thermostats 119, 120, 121, 122

time switches 89

timers 119, 120, 131; faulty 92

total loss conductance 149, 150

tracer gas method 73-4

U-value 16, 19-20, 25-6, 149-50;
insulation payback calculation

16-18; measurement 79-80;
regulations 112; studding and 42, 43
ultrasonic sensors 64
underfloor heating 46, 47, 53, 54, 145
university campus 60-2
utility bills 24, 90, 93, 131, 155
utility companies 131

valves, broken 26, 92, 99

variable speed drives (VSDs) 48-9, 56

variable voltage variable frequency
drive (VVVEFD) 65

VAT 114-15

ventilation: conductance calculation
142, 145, 150; and draughts 45;
energy audit and 37; fans 48, 56;
and heat loss 13; manual control 26;
measuring 71-2, 73-6; natural
(disadvantages of) 63; night 62-3;
and waste heat recovery 56; see also
cooling; heating, ventilation and air-
conditioning (HVAC) systems

walk-through survey 25-6

wall resistance 16

walls 36; and heat loss 19-20, 29, 138;
insulation 5, 9, 25, 38, 41, 42, 43,
110; U-value measurement 16,
79-80; U-value regulations 112

warm-air heating 45, 46, 53, 54

Warm Front scheme 110

water: as heat source 51-2;
measurement of flow 76

water heating 13, 36, 37, 49; domestic
4,49, 53, 54; solar 147

weather 52, 91, 92-3, 95, 97, 98-9,
152; see also seasonal factors

whisky industry 7, 115

wind turbines 5, 65-6, 111

windows: blinds 27, 37, 44, 139;
double glazing 5, 41, 138-9;
draughts from 235; energy audit and
36, 37; and heat loss 19-20, 29, 34;
and location of heating 26; and
noise 63; sash 142; thermal bridging
43, 44; U-value regulations 112

wood-burning stoves 54
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