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Heating.Ventilation.and.Air.Conditioning

INTRODUCTION

Building servicesisnot atheoretical academic subject.
It is a living, developing field of endeavour which
touches everyone's lives. You are probably reading
thisin a heated (or air conditioned?) room right now!
Thisbook reflectsthe closeness between the academic
study of building serviceswithits practical application
initsformat. A traditional textbook ispresented onthe
right hand pages and additional details including
information on commercially available products and
their suppliers is given on the left. By linking the
theoretical descriptionswith systemswhich can be seen
around usin everyday life learning will be enhanced.

CONTRIBUTION FROM INDUSTRY

This publication represents a new way of supplying
textbooks to students studying courses which have
strongindustrial links. It hasbeenissued freeof charge.
All costs have been paid by members of the building
services industry who, as professionals, are pleased
to contribute to the education of the next generation of
Architectsand Building Services Engineers. The book
can also be purchased by those outside the free
circulationlist at £19.99 from the publishers.

AIMS

To give students access to a basic text at no
cost to themselves.

To introduce students to the basic concepts
and components of heating, ventilation and air
conditioning systems.

To improve uptake and understanding of the
subject by presenting photographs of commercially
available equipment alongside the textbook
description.

To enhance the link between education and
practice.

To make students aware of the existence of

Vil

companies and therange of productsand servicesthey
offer at an early stagein their careers.
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numbers and have agreed to receive these books and
distribute them to their students. As such a lecturer
myself | know that theincreased work load duetorising
student numbers, reductionsin funding, course devel-
opment and research responsi bility make any additional
tasks difficult to accommodate.

| would like to thank all of the companies whose
advertisements appear in this book and in particular
the marketing managers and reviewers with whom |
haveliaised.

ABOUT THEAUTHOR

Richard Nichollsisasenior lecturer in the department
of Architectureat Huddersfield University. Heteaches
environment and services on the Architecture degree
and postgraduate diploma pathways and is pathway
leader for the MSc. in Sustainable Architecture. He
has experience of research as a research assistant in-
vestigating low energy housing in the department of
Building Engineering, UMIST and industrial experience
as alocal authority Energy Manager. His most recent
publication is a chapter on water conservation in the
book "Sustainable Architecture" edited by Professor
Brian Edwards

PUBLISHERSNOTE

Theinformation givenin thisbook isfor guidanceonly.
It is not intended to be exhaustive or definitive. All
relevant standards, regulations and codes of practice
should be consulted before any work is carried out.
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H E AT I NG

SY ST EM S

1.0 Introduction

During the heating season, from early autumn to late
spring, theweather becomestoo cold for comfort. The
building fabric protects us from the climatic extremes
to an extent, but not enough to provide the comfort
levelsthat modern society has grown to expect. Com-
fort can only be guaranteed using a space heating sys-
tem. Most buildings in Britain require some form of
space heating for the majority of the year. Heating not
only gives thermal comfort to the building occupants
but also ensures their health and, in a working
environment, contributesto their productivity. Finally,
heating protects the building fabric from deterioration
by driving away moisture and preventing frost damage.

A requirement parallel to the need for space heatingis
the need for a method of providing hot water for
washing and bathing. Unlike the seasonal requirement
for space heating, hot water isrequired all year round.

The basic principle behind heating systems is very
simple. Heat is released by burning fossil fuels or by
passing an electric current through awire. Thisheat is
used to warm the occupants by radiant or convective
means (seelPY). Whilst the principleissimplethefunc-
tions must be carried out in a manner that ensures the
following are satisfactorily considered;

Economy - Therearevarious costs associated
with heating that must be minimised. Theseare, initial
capital cost, maintenance costs and running costs.
During atypical twenty year life of a heating system
running costs will outweigh the initial capital costs
many timesover.

Safety - Heating systems use combustiblefu-
els, operate at high temperatures and rel ease asphyxi-
ant flue gases. These hazards must be managed so
that they do not present a risk to the building or its
occupants.

Comfort - (see | P5) It isnot possibleto make
all the occupants of abuilding satisfied with theinternal

temperatures at the sametime. Thisisbecause personal
preferences vary. However the system should aim to
make the magjority of the occupants comfortable. To
achieve thisthe heating system should provide design
temperatures and then control them within a narrow
band of variation during occupancy hours.

Environment - (see page 8) The combustion
of fossil fuelsreleases gaseswhich contributeto global
warming and acid rain. To limit the damage, the amount
of pollutant gasses released per unit of heating must
be minimised. Type of fuel used, combustion
characteristics, control and efficiency all contributeto
minimising the volume of gasreleased.

Heating systems can be categorised into one of two
main typesthese are; indirect heating systems and di-
rect heating systems. The differences between the two
systems will be outlined below. Section 1.1 considers
indirect heating and section 3.0 considers direct
heating.

Direct heating systemsuseindividual stand alone hegt-
ersin each room where heating is required. The most
common form of direct heating isthe use of gas, coal or
electric heatersin adomestic property. The capital and
installation costs of any heating system are determined
by sizeand complexity. For smal systemsdirect heating
has alow initial cost and can be easily expanded at a
later date. Control of individual heaters is ssimple to
achieve but group control, because of the physical
separation, is more complex. Each heater must be
provided withitsown fuel supply and flue. Direct heat-
ingisextensively used asacost effectiveform of heat-
ingindomestic, industrial and commercial buildings.

Indirect heating systemsare known ascentral heating
systems in houses because they generate heat at a
central location, the boiler. The heat must then be re-
moved from the boiler and delivered to eachroom. Itis
carried there by a heat transfer medium, which can be
water, steam or air. Pipes are used to direct the flow of
steam and water and ducts guide the movement of warm
air. Heat emitters such as radiators (section 1.4) are
required in theroomsto "hand over" the warmth from



| P1-INSULATION.OF.DISTRIBUTION.PIPEWORK

Pipework is required to carry fluids as hot as 150°C
(hthw) and as cold as -20°C through both heated and
unheated spaces. The outcome of thisisheat lossfrom
hot pipes and heat gain by and condensation on cold
pipes. Both conditions eventually result in a lack of
system control and thermal discomfort.

HEAT LOSSFROM HOT PIPES

The heat loss rate from a pipe depends predominantly
on its surface area (length of pipe run and pipe diam-
eter), thetemperature difference between it and its sur-
roundings and the thermal conductivity of the pipe
and any insulation materialssurrounding it. Given that
the pipe length, diameter and fluid flow temperatures
arefixed by heating system design considerations, the
element we can modify to reduce heat losses is the
level of insulation around the pipe. Thisis recognised
by the building regulations and water bylaws which
lay down regulations governing the use of pipe
insulation.

Increasing the thickness of the layer of insulation
increases its resistance to the flow of heat. However,
the cost also increases. The cost effective thickness of
insulation must be determined

ture. Thisisachieved using closed cell insulation prod-
ucts which have a high resistance to the passage of
water vapour and by sealing any joins made in the
material.

Pipeline identification markings
e.g.central heating water <100 C
BS 4800:1989

Closed Join Green (Cintonn Green
Blue | Blue

. Insulation
Pipe Metal casing

Figure IP1: Pipe insulation and identification
CONTROL AND COMFORT

Pipework is required to carry hot or cold fluids from
plantroom to location of use such asa heating or cool-
ing coil. Any heat lost or gained by the pipework will
changethe temperature of
thefluid. Asaresult tem-

from a knowledge of system
design characteristics, fuel
costs and insulation costs. In
addition to insulating pipes it
IS necessary to insulate valves
and other pipe fittings such as
suspension rods. Specialist
jackets are available for this
purpose or sheet materials can

be used by cutting and forming control

Inadequately insulated
pipework causes energy
wastage, condensation
risks, thermal discomfort
and lack of system

perature sensor readings
located early in the
pipework may no longer
reflect delivery
temperatures. The ab-
senceof reliablesensor in-
formation makes control
difficult. Inadditiontothis
thermal discomfort may be

theminto an appropriateshape. I CTcated asroomsoverheat

CHILLEDWATER PIPEWORK

Heat gains by chilled water pipework must be consid-
ered in a similar manner to heat losses. However an
additional feature which must be consideredisthe pos-
sibility of condensation forming on the cold pipework.
To avoid this moisture laden air must be kept away
from the cold surface of the pipe or any layer withinthe
insulation whichisat or below the dew point tempera-

due to unregulated heat
lost from pipes running through occupied spaces.

THEOZONELAYER

chlorofluorocarbons (CFCs) (see IP15) are no longer
used to make foamed pipe insulation as they damage
the ozone layer. Environmentally responsible manu-
facturers now use ozone benign blowing agents such
asair or carbon dioxide.



the heating system to the room air.

The advantages of indirect heating systems arise from
the fact that most of the equipment is concentrated at
a single location. This means only one flue and one
fuel supply are needed to satisfy the entire building.
This centrality meansit is also possible to achieve a
high level of control over the entire system.

There are many types of building with various func-
tions such as domestic, retail, industrial, educational
and commercial. Within each of these categoriesthere
are different forms, fabric and heat loadings. Because
of thisitisimpossible hereto describe suitable heating
systems to suit all buildings. This book will simplify
meatters by referring to two basic types of building:
domestic which refers to housing and commercial
which are buildings larger than domestic such as
offices. In section 1.1 the components which make up
an indirect heating system will be described using
domestic central heating asabasis. Detail will also be
given on how the domestic system ismodified to sat-
isfy the heating demands of large buildings.

1.1 Wet Indirect Heating

A wet indirect heating system uses water as the heat
transfer medium. Themain componentsof awet indirect
heating system are shown schematically in figure 1.1.
Each of these componentswill be discussed morefully
in sections following the numbering on the diagram.

In domestic propertiesit islikely that the boiler is ac-
commodated in thekitchen either floor standing or wall
mounted. In commercia buildings where the quantity
of heating plant is greater it is necessary to have a
purpose built plant room. The plant room must bewell
ventilated and have sufficient room for the equipment
and accessto it for maintenance. Plant roomsare usu-
ally situated on the ground floor where the weight of
the heating system can easily be supported. Ventila-
tion air for the plant roomistypically provided through
an access door leading to the outside which has
louvered openings. Initial estimates of plant room size
are based on rules of thumb, usually a small percent-
ageof thetotal floor area. The actual percentagevaries
depending on the complexity of the heating system.
As well as space for the plant room allowance must

also be made for horizontal and vertical service
distribution runs throughout the building [see IP7].

1.8 Feed and Expansion

—
I_ Tank

1.5 Indirect

Cylinder

1.6 Controls 1.4 Heat Emitters
1.2 Boiler

A /

17 |
DY >
\
4
Q) -
/,w -
1.3 Pump 1.7 Valves

Figure 1.1 Wet indirect heating system

A number of companies produce packaged plant rooms
which are delivered to site pre-assembled resulting in
savings in both time and costs. These units may be
accommodated within the building or are containerised
for locating outside the building or on the roof top.

1.2 Gas Boiler

Theheart of anindirect space and water heating system
istheboiler. Thissectionwill concentrate on gasboilers
however it should be remembered that oil fired boilers
areavailableusing liquid instead of gaseousfuels. The
disadvantage of oil boilersisthat oil deliveriesmust be
organised and space allocated for oil storage. Electric
boilersare also available, herethe system water circu-
lates over an electrical heating element. Electricity is
more costly than gas or oil per unit of energy but the
system has the advantage of small physical size, no
requirement for aflue and ability to function where no
gas supplies exist.

A gasboiler isadevicewhich burnsgasin acontrol-
led manner to produce heat. This heat is transferred,
using a heat exchanger, to water which circulates
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around the heating circuit.

Boilersare specified in terms of their power measured
in kilowatts (kW). A boiler for atypical four bedroom
detached house would be rated at approximately 15
kW. A small flat or low energy house may need aboiler
assmall as5 kW. Large buildings would need severa
hundred kilowatts of boiler power.

The main components of a boiler are shown in figure
1.2 and are described below.

/ Flue

Boiler Flow
thermostat »-
\ »
[l -D
1
Flame !
e X Heat
galll}re . e exchanger
evice \
Control :
unit \»E \
r TG <
: 1 D
S 10000000, | Retum
A x

\

Gas'valve  Pilot light Burner

Figure 1.2 Parts of a boiler

GasValve. Thisvalveisnormally closed. Itisopened
by asolenoid alowing gasto flow into the burner if
thereisacall for heat and safety conditions are satis-
fied. If thereisaloss of power or asignal indicating a
fault is sent from the control unit then the valve will
automatically close.

Pilot Light. Thisisasmall flamewhich burns continu-
ally. Itsfunctionisto ignite the gas/air mix asit leaves
the burner. An alternative is to use electronic spark
ignition. Electronic ignitions have a greater degree of
technical complexity but giveimproved boiler economy
by eliminating the gas used by the pilot light at times
when the boiler isnot required to fire.

Burner. For optimum performance all of the gas that
enters the boiler must be burned. To achieve this the
burner must mix the gaswith the correct quantity of air.
Thisisknown as a stoichiometric mix of gas and oxy-
gen. Insufficient air would result in incomplete com-
bustion with carbon monoxide being produced and
dangerous unburnt gas building up. Too much air and
the combustion gases will be diluted and cooled. The
burner isdesigned to mix gasand air to give the most
safe and efficient combustion possible. Atmospheric
burners use the pressure of gas in the mains and
buoyancy in the flue to draw combustion air into the
burner. Forced draught burnersuse afan toinput com-
bustion air. Thisallowsagreater degree of control over
the combustion process resulting in reduced boiler
sizes.

In commercial buildingslarge amountsof fuel are used
soitisimportant to buy it at thelowest price. Tohelpin
fuel purchasing boilers supplying large buildings can
be fitted with dual fuel burners. These can use either
gasor ail. It ispossible to switch between fuelsto use
the fuel which at that time is the cheapest.

Amongst the combustion products of gas or oil are
variousnitrous oxides collectively knownasNO . NO,
isapolluting gas and so European regulations exist to
limit the amount of NO_ produced by burners for a
given heat output. In response to this burner manufac-
turers have updated their products to meet and often
exceed the requirements of thislegislation.

FlameFailureDevice (FFD). Flamesare detected by
thisunit andif present gasisallowed to enter the burner.
If the flames are extinguished for any reason the gas
valvewill be closed. Thisavoidsadangerousbuild up
of unburnt gas within the boiler.

Control Unit. Thisis an electronic device which re-
ceives signals from the FFD and Thermostats. Using
this information it controls the operation of the gas
valve, pump and ignition systems. Time control isalso
carried out by this unit to make sure that the heating
system only operateswhen it isrequired. Each type of
boiler has its own control strategy, individual boiler
manufacturers should be consulted for further details.

Boiler Thermostat. Thisisatemperature sensor which
is used to control the boiler flow temperature. Boiler
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flow temperature is the temperature of water leaving
the boiler. It is this which determines the radiator
temperature. The hotter the water the greater is the
heat output of the radiators. It isusual to set the boiler
thermostat higher in winter than summer because of
this. Thisprocessis carried out manually on domestic
boilers however commercial boilers are fitted with a
device called acompensator which carries out the func-
tion automatically. Compensators are discussed more
fully on page 35. A separate overheat thermostat pro-
vides asafety function by cutting out the burner if the
temperature should increase too much. Thus avoiding
overheating of the boiler.

Heat Exchanger. Made of materialssuch ascast iron,
steel and aluminium the heat exchanger is designed to
give maximum thermal contact between the hot com-
bustion gases and the circulating water. The heat ex-
changer of large boilers may be delivered to site in
sections which are then bolted together. There is a
variety of heat exchanger forms. Some are positioned
over the burner and the hot flue gasesrise up through
the heat exchanger. Other heat exchangers surround
the burner and the combustion gases have to pass
through channelsin the heat exchanger to escape. This
means the flue gases have to pass the heat exchanger
twice thereby improving the transfer of heat into the
heating circuit.

Flue. When gasisburnt in air carbon dioxide, carbon
monoxide, nitrous oxides and water vapour are pro-
duced. Carbon monoxide is an asphyxiant and would
kill the occupants of any roominwhichit accumulated.
To avoid this, it is necessary to have aflue which car-
riesaway the waste products of combustion and safely
discharges them outside of the building. A flueis es-
sentially a duct connected to the boiler combustion
chamber, terminating outside of the building. Theflue
run should be as straight as possible to avoid unnec-
essary restriction to the flow of flue gas. Horizontal
runs should be avoided to allow flue gases to rise
continuoudly. It should terminate at a location where
the flue gases cannot re enter the building. Hence, for
example, flues cannot discharge near windows. The
flue will also have aterminal unit which acts to keep
the outlet of the flue open by, for example, excluding
the entry of nesting birds. Flue gases are hot and so
the terminal should not be located in a position where
it could be touched by anyone passing by. The

movement of flue gases in atmospheric burnersis by
natural buoyancy. Forced draught boilers use fans to
discharge the products of combustion

Therearevarious arrangements of flue. However, each
one exhibits the common functions of safely exhaust-
ing flue gases whilst at the same time preventing the
burner flames being blown out by excessive draughts
through the system. One method of preventing thisis
to use adraught diverter (figure 1.3). Upwardly mov-
ing flue gases pass up and around a baffle plate. If
wind causes the direction of flow to reverse then the
plate causes the flue gases to temporarily spill over
into the boiler house rather than enter the boiler. The
draught diverter also prevents excess air being pulled
through the boiler should there be excess suction from
the flue itself due to wind or buoyancy effects.

Reverse Normal
Flow Flow
D raught
d iverter
Room air

L — Flue gas
rises due
to natural
buoyancy

Room air
drawn into
| 0 0 0 | boiler for .
L

combustion

PR

Figure 1.3 Flue draught diverter

TheBalanced Flue (Figure 1.4) isadua functionflue
which takes combustion air from outside the building
and suppliesit to the burner. The same unit discharges
the flue gases outside. The benefit of this flue is that
any wind pressures act on theinlet and outlet equally.
Asaresult flowsthrough the fluewill be stable ensur-
ing the burner flames will not be blown out. Because
both the combustion air and flue gases enter and leave
the boiler without making contact with theroom air the
boiler isknown asa"room sealed" appliance.



| P2 - TEMPERATURE,ENERGY.AND.POWER

Threeterms commonly used in building services stud-
ies are temperature, energy and power. The latter two
can easily be confused. Thisinformation panel aimsto
clarify the definition of thesetermsand give examples
related to buildings.

TEMPERATURE

The scale of temperature commonly used in building
studies is the Centigrade scale. Thisis a scale set be-
tween the temperature of melting ice and the tempera-
ture of boiling water. These temperatures are zero de-
grees centigrade (0°C) and one hundred degrees centi-
grade (100°C) respectively. Typical temperatures en-
countered in buildings are;

Design outside air temperature, -1°C

Average annual outside air temperature, 6°C
Chilled water flow temperature, 6°C

Room temperature (active e.g. gymnasium), 16°C
Room temperature (sedentiary e.g. office), 21°C
Human core body temperature, 37.5°C

Boiler flow temperature, 82°C

Boiler return temperature, 70°C

Max. temperature of radiant tube heater, 450°C

Another scale of temperature used by building scien-
tists, and one which you may encounter, isthe Kelvin
scale of temperature. The divisions on this scale are
exactly the same as on the centigrade scalei.eachange
(D) of one degree centigrade is equivalent to achange
of one degree Kelvin (D1°C° DLK). The kelvin scale
startsat OK which equals-273°C so 0°C would therefore
beequivalent to 273K.

ENERGY

Energy is thought of as the ability to do work. There
arevariousformsof energy, for illustration they can be
describedinrelationtoaCHP unit (page 17). Theforms
of energy are; chemical energy asiscontainedinfuels
such as coal, oil or gas, mechanical energy which is
held by rotating objects such asthe flywheel of aCHP
unit, thermal energy (Heat) that isreleased by burning
fuels and electrical energy which is produced by the
CHP unit generator. Note that thermal energy is often
simply referred to as heat

10

The amount of energy held in any of the above forms
can be quantified. To do this we need units of energy.
The basic scientific unit of energy isthe Joule (J). But
this unit is too small for describing the quantities of
energy used in buildings. Instead we normally use the
unit, Watt hour. This is still small so we use
thousands(kilo (k)) of Watt hours i.e. kilowatt hour
(kwh). 1IkWhisequivalent to 36,000,000 Joules! or 0.036
Gigajoules(GJ). Typical energy valuesencountered in
buildings are;

Energy used by a1 bar electric fire each hour =1 kWh
Energy used to heat ahouse for oneyear, 40,000kWh
Energy contained in 1m® of gas=10.5 kWh

Energy contained in 1kg of coal = 9.02 kWh

Energy containedin 1 litre of oil = 10.4 kWh

Note when heat is added to an object its temperature
increases. When heat is removed from abody itstem-
perature decreases.

POWER

Energy cannot be created or destroyed but it can change
from oneform to another. Therate at which thischange
occursin asystem is called the power of the system.

For example, agasboiler isamachineto convert chemi-
cal energy (gas) to thermal energy (heat). This conver-
sion is not instantaneous, it occurs over time. If, in a
given time, a boiler converts more gas to heat than a
second bailer, then thefirst boiler hasagreater power.

Theunit of power isthe Weatt (W) (1W=1Joul e/second).
Onceagainthisisasmall unit so we often use kilowatts
(kW). Typica power values encountered in buildings
are;

Light bulb= 100w

1 bar electricfire= 1kW
Boiler for alow energy house= AkW
Boiler for adetached house = 12- 18kW
Commercia boiler= 150kw
Domestic refrigerator = 150W

Typical split A/C unit = 0.8 to 3kW (electrical input)
giving 2.4 to 9kW of cooling



Ventilation and combustion air is required in rooms
where non room seal ed combustion appliances are op-
erating. It is needed to supply sufficient air to allow
complete and safe combustion of the gas. In large in-
stallations ventilation al so hel psto disperse unwanted
heat build up. In housing, purpose provided ventila-
tion for small (lessthan 7 kW) and room sealed appli-
ances is not required. However for non room sealed
and larger appliances purpose built air vents should
be provided connecting the room to the outside air.
There are exceptions and reference should always be
made to current regul ations and manufacturers data.

Combustion
air
— |
<+ Return
/j >
Flue gas i
. Flow
Outside <
wall \ o o
Burner
A
Gas supply

Figure 1.4 Balanced flue

Incommercia buildingsventilationisusualy provided
through ventilation openings in the plant room walls
or door. It can a so be supplied to interna plant rooms
using a fan and ducting running from outside to the
plant room. Sensorsin the ducting areinterlocked with
the boiler controls. These interlocks switch off the
boilersif the ventilation air supply is stopped for any
reason such asfailure of the ventilation fan.

Fan Dilution isaflue system which cools and dilutes
the flue gases so that they may be discharged at low
level. The system works by drawing air from outside
the building aong a horizontal duct (figure 1.5). The
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boiler discharges its combustion gases into this air-
flow and so they become cooled and diluted. It isthen
possible to discharge the flue gases into awell venti-
lated area such as above the rear exit of a building.
Dilution air inlet and flue gas outlet should preferably
be on the same side of the building to avoid draughts
blowing through the system.

Fan
—>
P 8/ r?\
Fresh air / - Igiluted
from outside | | ue gasses
the building
— 00000,

Figure 1.5 Fan dilution system

1.2.1 Boiler Efficiency

The efficiency of aboiler isameasure of how well it
converts fuel to heat.

Boiler heat input isintheform of gasor oil. When this
is burnt the aim is to transfer al of the heat that is
released into the heating circuit. A system that achieved
this aim would be 100% efficient. For safety reasons
waste combustion gases must be cleared from the boiler.
Thisiscarried out by allowing the natural buoyancy of
the hot flue gases to carry them up and out of the flue.
Unfortunately the heat contained in these gasesislost
to the system. Asaresult any flued combustion appli-
ance can never operate at 100% efficiency. When se-
lecting aboiler reference is made to manufacturersin-
formation contained in product data sheets. Figures
for efficiency are usually given but if not it can be eas-
ily worked out from quoted heat input and output val-
ues(figure 1.6).
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Three classes of boiler efficiency can beidentified;

Standard Boilers. A standard boiler isonewhich pro-
vides good quality utilitarian heating but has no cost
increasing features that would enhance its efficiency.
The efficiency of all boilers varies with the amount of
work they arerequired to do, known asthe boiler load.
For this reason the average efficiency of a standard
boiler over the heating season is usually given as the
seasonal efficiency. For a standard boiler thisis typi-
cally 75%. Thevariation of efficiency withloadisdis-
cussed morefully in alater section.

WASTE HEAT
(kW)
| l HEAT OUT
(kW)
>

HEAT IN —
(kW)

EFFICIENCY (%) = HEAT OUT x 100
HEAT IN

Figure 1.6 relationship between efficiency and heat
output and input.

High Efficiency Boilers. These boilersaremore costly
than standard boilers because they include features
such as alarger heat exchanger, additional casing in-
sulation, electronicignition and flue dampers (fig 1.7).
These features; absorb more heat from the flue gases,
reduce casing heat losses, stop gas usage when there
isno call for heat and prevent convective loss of heat
when the boiler finishesfiring respectively. Asaresult
the seasonal efficiency isimproved to approximately
85%

Condensing Bailers. These boilershave a high oper-
ating efficiency. Thisisdueto their large heat exchanger
which extracts so much heat out of the flue gases that
thevapour in them condenses onto the heat exchanger

(hence the name). In this way the heat exchanger re-
covers both sensible and latent heat from the flue ga-

. — Flue
damper

Larger heat

— exchanger

Insulated
4 casing

L1 Electronic
ignition

Figure 1.7 Features of a high efficiency boiler

ses. To ensure that the boiler condenses the return
water temperature must be below 53°C. Seasonal
efficienciesare ashigh as 92%. Thismode of operation
does however, present design challenges. Firstly the
cooled flue gaseslosetheir buoyancy and are generally
cleared by afan (figure 1.8). Secondly the flue gascon-
densate is dightly acidic and so the heat exchanger
must be made of none corrosive materialssuch asstain-
less steel. The condensateitself must be collected and
drained away. All of these features add about 50% to
the cost of a condensing boiler in comparison to a
standard boiler for the samerating. However their high
efficiency makesthem economical with the extra capi-
tal coststypically being recovered in the value of en-
ergy savings within three years.

__E_ . Flefan

Large
0 corrosion
resistant
~——— | heat
exchanger

Condensate drain

Figure 1.8 Features of a condensing boiler
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BOILERLOADAND EFFICIENCY

The efficiency of aboiler varieswith the load upon it.
High load is when the boiler is being asked to do a
great deal of work. For example, first thingin themorn-
ing when the building and domestic hot water are both
cold. In this situation the boiler will fire continuously
and theflueand casing losseswill be small when com-
pared to the heat being input to the rooms. An example
of alow load situation isat the end of the day whenthe
building has warmed through and the tanks are filled
with hot water. The boiler will be cycling, that isfiring
for short periods then stopping just to keep heat levels
topped up. Almost as much heat will be lost by
convection up theflueasisgiven to the heating system.
Henceefficiency will below. Figure 1.9 showsagraph
of efficiency against proportion of full load for the
three types of boiler discussed previously.

920

80+ — = —— T T
—~ 70 — P L L
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QL:I — — .High efficiency

e S Standard

10 £
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Figure 1.9 Graph of efficiency vsload

From the graph it can be seen that whilst standard
boilersare effective when operated at high loadstheir
efficiency falls off when the load on them decreases.
The efficiency can fall aslow as 35%. In comparison,
thehigh efficiency boiler hasahigher efficiency over-
all and hasimproved low load efficiencies. The con-
densing boiler has high efficiencies at al loads. The
efficiency at low loads remains high at 75%. Higher
efficiencies mean lower fuel costs and less pollution.

MULTIPLEBOILERS

In non-domestic buildings one way of ensuring that
boilersfire near their highload ratingisto operatethem
as part of amultiple system of boilers. Thisis recog-
nised by the building regulations (L4) which require
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specific controlsfor heating systemsover 100 kW rat-
ing. Asan example, amultiple system of boilersused to
satisfy a100 kW load isshowninfigure 1.10. It can be
seen that the 100 kW load is provided by four 25 kW
boilersfeeding heated water into acommon flow pipe
and supplied by acommon return. The first benefit of
this arrangement of boilersis that there is back up if
one of the boilers should fail. It can be isolated and
heating can till be provided, albeit at areduced capac-
ity, by the other boilers. The second benefit isthat the
boilersarefired in a progressive manner to satisfy the
load. So for example in the morning when thereis a
high load situation all of the boilerswill fire. Later in
the day when the buil ding has started to warm through.
Boilers1and 2 will fire continuoudly with boilers3and
4 shut down. At the end of the day when top up heat-
ing only is required only boiler 1 will be firing. The
progressive mode of operation means that each boiler
will only be firing near its full output rating. The sys-
tem asawholewill therefore maintain ahigh efficiency
even though the load is decreasing.

B

A A A A Flow
Boiler Boiler Boiler Boiler
1 2 4 4
25kW 25kW 25kW 25kW
A 4 4 A Reverse
I return

«

Figure 1.10 Multiple boilers for a 100 kW load

Progressive operation of the boilers requires a control
process known as boiler step control. It is based on
boiler flow temperature. If thisfallsitisanindication of
increased demand for heating. Asaresult more boilers
will bemadetofire. Boiler 1 will berequiredtofirefor
more hours than any other boiler since it will operate
during both high and low load situations. The boiler
whichisthefirst tofireup and last to switch off in any
heating period is known as the lead boiler. To avoid
unbalanced wear on the boilers the lead boiler will be
cycled each week. Soinweek oneboiler Lwill lead, in
week two boiler 2 will lead and so on until after four
weeks boiler onewill once again bethe lead boiler.



Ul tabs on energy efficiency

Combined heat and power

Cembined haat snd persssr dxilami ar § wariety of technical, aperaticnal

hve tel pobintial 1 greacly reds airn B clal ressons, e opoima
priury energy donsumpticn and design of LHF syscema |5 ratt
carborn s = AL T LT T podviplEs than 1o mcsT o ErEF
provedicg heat 1 eMsCTriCity efficiency measures. and specialist
Jvice el usyally be needs
Heravever bo be franoaly siable, thers
nesdh 16 be sFmuksnesud danmand fod Caisichai chie
chese services for o subsaamnvdal pary of CHP and relaved i3
smpleses with il b o Energy B8
nd hospitals are
2 Vhere devichua
vicks a suitable kead
ey inking dreersl Bl gt
Logenir iy do — espacially i thay ATHE Ty
herwe chfferent usape: ofices and home SSUIES O3
for exmmple. Commmunicy heating Good Fracice Guides o
district heating| is one example of this mplementation. aperat
B T T Ty Py
auddly a CHF wmdr i sized 1o proseeds L Stusdiind and Goosd Pracoi
oad o hiear denvand. with a Cauides Tor a rangs ol bulding rppas
manal heating system providing the use al THP with commanity

Al hwat a8 Beme of peak germand heatirg

Further information

Further information aon building-relted energy «Hficiency
maysyres i3 available from che Energy ERioercy Baxt 5
. . LTS

Fraciice RramrrH o Ehaa Brvarciirmant &i Er

Halsline 0800 SRS 754 : ENERGY EFFICEMCY




1.2.2 Combined Heat and
Power

Combined heat and power (CHP) unitsarean additional
source of heat for some buildings. CHP unitsare based
oninternal combustion enginessimilar to car or tractor
engines (figure 1.11). They have spark plugsan engine
block and cylinders. The first difference to a vehicle
engine is that instead of running on petrol or diesel
they run on gas (natural, biogas or bottled). Secondly
rather than drive a set of wheels the motive force
generated by the engine is used to drive an electricity
generator. Thisis the "power" part of the output. In-
stead of aradiator to exhaust the waste heat from the
engineto atmospherethe CHP unit hasaheat exchanger
which transfers this heat into the heating system
circulation. CHP units are aso based on gas turbine
technology giving increased heat and power outputs.

. Gas in
Exhaust pipe
Carburettor
Cool —» 4 = Generator
water in
/ Electricity

Engine _fouty
Hot «— S m— ]SEIIS%H:;: cooling
water out yste

Figure 1.11 Combined heat and power unit

The efficiency of the CHP unit at producing heat is
lower than that of a gas boiler at approximately 60%.
Thiscanbeincreased by 5% if an extraheat exchanger
is used to recover additional heat from the exhaust
pipe and oil cooler. This gives a heating efficiency
which is still lower than a gas boiler. However, when
the heat output is combined with the energy value of
the electricity output the efficiency isgreatly increased,
to approximately 85%. Thisisillustrated in the energy
flow diagram for the CHP unit shown infigure 1.12.

There are environmental benefits to be obtained from
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the use of CHP units. These are derived from replacing
power station generated electricity by CHP generated
electricity. For example, the efficiency of acoal fired
power station at producing electricity isapproximately
35%. 65% of the energy value of the coal is lost as
waste heat in the flue and cooling towers of the power
station and in transmission lossesin the grid cables. A
CHP unit has comparable electricity production effi-
ciency but the waste heat isused in the buildings heat-
ing system.

The economicsof CHP unitsiscomplex andinvolvesa
balance between savings in energy bills against capi-
tal and running costs. CHP units produce el ectricity at
a unit cost which is much cheaper than can be pur-
chased from the grid. But for the savings from thisto
pay back the capital cost of the installation the CHP
unit must run for the maximum number of hours possi-
ble. Balanced against thisisthefact that the CHP unit,
like any engine, requires periodic routine mai ntenance.
Thisinvolveschanging ail, filtersand spark plugs. CHP
maintenance costs are high.

Figure 1.12 Energy flow diagram for a CHP unit

Low grade heat 5%

High grade
heat 60%

Gas in
100%

Heat losses 10%

Electricity 25%

To maximise the running hours, which is necessary to
save energy and pay back the capital and maintenance
costs, the following three stranded strategy must be
followed.

Firstly the CHP energy output must be matched to the
buildinginwhichitisinstalled. A unit must be selected
whose output satisfies the base heating and electricity
demand which occursall year round. If the CHP gives
out more heat than is required the system control swill
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switch it off to avoid over heating, cutting down the
running hours. If the CHP gives out more electricity
than isrequired by the building it will have to be used
by other buildings on the site or exported to the grid.
Theexport of eectricity requirestheinstallation of extra
metersand unfortunately the price paid by theelectricity
companiesfor electricity depositedintothegridislow.
It can be seen therefore that a high and consistent
base demand isrequired for economic operation of the
CHP unit. This tends to make them more suitable to
buildings such asleisure centresand hotel swith swim-
ming pools.

Secondly, the CHP unit will bepart of aheating system
incorporating gas boilers to provide the above base
heat demand. To make sure the CHP has maximum
chance to run it must be the first heating device the
system return water encounters on its way back to the
plant room. In other words the CHP must be in series
with the boiler heating system.

Thirdly, the CHP must undergo routine maintained at
the specified intervals. In addition, many units arefit-
ted with sensors, control devices and modems that
allow them to auto dial a maintenance company if the
CHP should stop running due to the occurrence of a
fault. Thiswill allow rapid attendance by aserviceen-
gineer to rectify thefault.

1.3 Pumps

It isthe job of the pumps to make the water circu-
|ate between the boiler and heat emitters within the
heating system pipe work.

The three main components of apump (figure 1.13)
are an electric motor, an impeller and the casing.
The electric motor is directly coupled to the drive
shaft of the impeller. Water on the inlet side enters
the pump in the centre of the impeller. Theimpeller
rotates driving the water out towards the casing by
centrifugal force. The water outlet is situated off
the centre axis of the pump. As aresult the pump
casing must be cast to arrange the inlet and outlet
flowsto be along the same centreline. The pumpis
then known as an "in-line pump".

In domestic heating systems a single pump will suf-
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fice. However commercial heating systems contain
a large volume of water which may have to be
pumped great distances. In this situation high ca-
pacity twin head pumps are required. Twin pumps
are required to give stand-by capacity if one of the
pumps should fail. Thisis because a loss of pump
power in acommercial building would resultin an
unacceptable loss of heating.

Flange for connection
to pipework

Figure 1.13 Twin head pump

Only one pump runs at atime, thisiscalled the duty
pump, the other acts as a stand-by. It isusual to run
each pump for 1500 hours then change over to the
other to even out the wear on them. This process
can be carried out manually via the pump control
panel. However in modern systems this is carried
out automatically using a building energy manage-
ment system (BEMS) (section 1.6). Aswell asroutine
cycling of pumpsaBEMS can detect pumps failing
if they are fitted with a suitable sensor and auto-
matically isolate it and start up the stand-by pump.

Variable speed pumps. An energy saving develop-
ment in pump technology isthe variable speed drive
pump. This system does not run at a fixed speed
but varies its speed and hence pumping power de-
pending on the work it is required to do. For exam-
ple, if aheating zoneiswarm enough vaveswill close
isolating its heat emittersfrom the heating flow. As
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Electric motors are everywhere in building services.
They drive fans, pumps, lifts escalators and process
machinery. Inatypical prestige air conditioned office,
fansand pumps account for 20% of the total electrical
consumption (1). For comparison refrigeration only
consumes 11% of thetotal. Motors are, therefore, key
services components and major consumers of energy.

ELECTRICMOTORS

M OT O R S

A N D D R |

DRIVESYSTEMS

V E S

Themajority of motorsrun at afixed speed. Variations
in demand are usually satisfied using flow control de-
vices. For examplein awarm air heating system asthe
demand for heating falls the supply of warm air to the
space will be reduced by closing a damper. The fan
motor continues to operate at fixed speed.

There is a rule affecting

Most electric motors used in
building servicesare of theAC
induction type. Singleor three
phasealternating currentisfed
through copper coils in the
stator creating amagneticfield.
Thismagneticfield inducesan-
other in the rotor. This causes
the rotor to spin in the same
way that like poleson bar mag-
nets push apart. This spin can

energy.

be used to drive the impellers — — —

of pumps (section 1.3) and fans (section 4.3).
HIGH EFFICIENCY MOTORS

Motorsare machinesthat convert electricity into move-
ment. Like most machinestheir efficiency islessthan
100%. The wasted proportion is seen as heat, arising
from overcoming friction and created asaresult of re-
sistance in the windings of the motor. The efficiency
of atypical 3kW motor isapproximately 81%.

It is possible to increase the efficiency of motors by
using low loss electrical steels and by increasing the
thickness of wires used inthe motor construction. This
reducesresistive and inductive heating in thewindings.
Asaresult the motor cooling fan can be made smaller
which addstoincreased efficiency. These modifications
increasethe 81% motor efficiency by 4%i.e. upto 85%.
Thisdoeshot seem alargeimprovement but when you
consider motorsrun for up to 24 hours aday the cumu-
lative savings are very large. The additional cost of a
high efficiency motor (about 25% more than aconven-
tional motor) will typically be paid back within thefirst
year of operation. Some manufacturers now offer high
efficiency motors as standard

Electric motors are
everywhere in buildings.
They are key components
and major consumers of
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motors, known asthe cube
law, which states that
electricity savingsare pro-
portional to the cube of
reductions in speed. This
means that cutting the
motor speed by 20% will
give a 50% saving in
electricity consumption.
From this it can be seen
that even  modest
reductions in motor speed
will result in considerable energy savings. There are
threetypesof variable speed drive (VSD). These are(2);

A two stage motor i.e. fast/slow/off operation. Thisis
cheap and gives reasonable savings.
Electromechanical systems. Using gears, drive belts
and dlip disks to vary drive speed. These are robust
but do not give maximum savings.

An inverter. This converts 50Hz mains electricity to
DC. Itthenreconvertsit to AC at afrequency depend-
ent on load. Increasing the frequency in response to
increasing load increases the speed of the motor and
viceversa Thissystem gives maximum flexibility and
SO maximises savings.

Additional benefitsfromV SDsarereduced maintenance
costs and reductions in electrical standing charges.

Further information
1. Energy Efficiency Office. Energy Consumption Guide
19: Energy Efficiency in Offices. HM SO 1992.

2. Energy Efficiency Office. Good Practice Guide 2:Guid-
ance notes for Reducing Energy Consumption Costs
of Motor and Drive Systems. HM SO 1993.



aresult lesswater will need to be pumped around
the heating circuit. A variable speed pump will sense
this and slow down. This is illustrated in Figure
1.14 which showsthat the energy consumption of a
fixed speed pump remains constant as the demand
for water flow falls. The variable speed pump slows
down to match demand resulting in a fourfold re-
duction in electricity consumption for each halving
of pump speed.

100
90 ¢+
80 +

70 ¢
0l variable speed

s0l - fixed speed
40 +
30
20

Percentage electrical demand

0 25 50 75 100

Percentage of Full Flow

Figure 1.14 Graph of pump electrical use against
percentage of flow

By exercising variable speed control of the pumps
considerable amounts of energy and hence money
can be saved. Using less energy also gives a
reduction in the output of pollutant gases from
power stations (see IP3).

1.4 Heat Emitters

Heat emitterstransfer the heat from the heating system
to theroomsrequiring warming. Thisisusually carried
out by convection and radiation from a surface heated
by the hot water flowing through the heating circuit.
To avoid overheating the room some method of con-
trol isrequired. Thisisusually achieved by restricting
the flow of heated water into the heat emitter using a
valve.

In most domestic buildings heat isemitted to therooms
using radiators. Water heated to 80°C by the boiler
flowsinto theradiator, raising itstemperature. Thera-
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diator warmstheroom by losing heat toit. Theradia-
tor gives out heat partly by radiation but mainly by
convection. Convection occurswhen theradiator heats
up theroom air in contact withit. Theair becomesless
dense and so risesto the ceiling whereit mixeswith the
rest of theroom air. Cooler air from benesth theradiator
is drawn up to repeat the process. Because it has lost
hest to theroom, water leaving theradiator and returning
totheboiler istypically 10°C cooler than the flow tem-
perature. In order to achieve thistemperature drop the
flow of water through all the radiators in the system
must be regulated during commissioning. Thisis car-
ried out by opening or closing lock shield valvesfitted
on theradiator outletsto increase or decrease the flow
rate respectively.

For agiven boiler flow temperature the heat output of
aradiator is determined by the size of its surface area
for convection. Thesingle panel radiator (figure1.15)
is the simplest pattern. It is two pressed steel panels
sealed by welding on all sides. Its shape gives it an
internal void, which fills with hot water, and surface
convolutionswhich increase its surface area. The sin-
gle convector radiator has this same basic panel but
has an additional corrugated plate spot welded to its
back surface. Thisplateincreasesthe effective surface
area over which convective heat loss can take place.
Two other patterns are shown which also increase heat
output by increasing surface areafurther. The heat out-
puts of each of these radiatorsis given for a 600 mm
high by 1000 mm long radiator. It can be seen that in
comparison to the single panel radiator the heat out-
puts of the single convector, single panel / single con-
vector radiators and double convector radiators are
43%, 112% and 170% bigger respectively.

The benefit of increased heat output isthat the physi-
cal size of theradiator can be reduced for agiven heat
output. A feature which is useful in confined spaces
such aswheresill heightsare low. However it must be
remembered that the cost and depth of the radiators
also increase with increasing heat output

Radiators are usually positioned beneath windows.
Thisisauseful location asit isunlikely that furniture
will be positioned here and also the heat output of the
radiator will counteract the cold down draughts from
the glazing. Radiators are rated in terms of their heat
output which should be matched to the peak heat loss
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Manufacturers produce a range of boiler and heat
emitter sizesto satisfy the needs of various buildings.
Before you can buy a boiler and connect it up to the
heat emitters you need to know how much heat is
required by each room which in turn informs you of
the size of the boiler. Over sized boilers should be
avoided sincethey will rarely operate at peak load and
sowill havelow efficiencies. Under sized boilerswill
not give the required

these tables.

Onedifficulty of heating large roomsisto get adequate
heat distribution throughout the room. Unless some
kind of forced convection system is used, heat tends
to be concentrated near the heat emitter. One way of
achieving better distribution isto divide the heat input
into the space using two or more heat emitters

distributed evenly through the

output and so room
temperatures cannot be
maintained against low

outside temperatures.
HEAT EMITTER
SZING

Heat Emitters must be

sized to supply the peak

heating demand of aparticular room. Thisis determined
by cal culating the peak fabric and ventilation heat oss
rates of the room. Examples of how to dothisaregiven
in building sciencetext books. The ambient conditions
assumed for the cal culation use -1°C for the outside air
temperature along with the design indoor temperature.
For aroom occupied by people engaged inalow level
of physical activity, such as an office or living room,
the indoor temperature is assumed to be 21°C. The air
change rate and fabric thermal properties are also
required

The outcome of the heat |ossrate cal cul ation described
above for aliving room might give a hesat loss rate of
2000Wetts. Thismeansthat whenit is21°C inside and
-1°C outside the room will be losing hest at a rate of
2000W. To maintaintheinternal temperature heat must
be supplied to the room at the same rate. This is
anologous to water pouring out of ahole in a bucket.
To maintain therequired water level (21°C) water must
be poured into the bucket at the same speed at which
it is leaving through the hole (the hesat loss rate). For
thisreason the heat emitter for our exampleroom should
be sized at 2000W. Trade literature for heat emitters
givesarange of useful information such asdimensions
and mounting details. It & so givesinformation on heat
outputs. A suitable heat emitter can be chosen from

Undersizing of boilers
means temperatures cannot
be maintained, oversizing
results in low efficiencies.
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room.
BOILERSZING

The process used to determine
the fabric and ventilation heat
loss rate for the individual room
must berepeated for all rooms. I
an indirect heating system is
being used. The source of heat,
usually aboiler, must be ableto supply thetotal heating
requirement of the heat emittersin all the rooms. For
the four roomed house shown in figure IP4 it can be
seen that the boiler power needs to be 3.3kW. If hot
water is to be derived from this boiler an alowance
(typically 3kwW) must also be added for this purpose.

Heat | oss rate

500W

300W<i
/

Boiler power 3.3kW

Heat emitter output

Figure 1P4. Heat losses from room counteracted by
appropriately sized heat emitters

In large buildings where the heat output of the boilers
ismeasured in hundreds of kilowattsamultiple system
of boilersmust be used (section 1.2.1) to maintain high
operating efficiencies.



rate of theroom in which they are situated (seelP4). In
large rooms the radiator output should be split and
more than one radiator used. This will distribute the
heat more evenly throughout the room.

Flow Return
connection connection

o 2

<

Single panel - heat output 900W

Pressed steel corrugated plate welded to
radiator panel

=\ /N /N N N NCA

Single convector - heat output 1300W

BV /NN A

Double panel with single convector -
heat output 1900W

YA A A AAT

<

Double convector - heat output 2400W

Figure 1.15 Radiator patterns - plan views
COMMERCIALHEATEMITTERS

Aswith domestic buildings, radiators are used in com-

mercial buildings but in addition, a wide range of
other heat emitters are encountered.

Low Surface Temperature(L ST) Radiator. Thisisa
radiator which is encased to prevent touching of the
hot surfaces (figure 1.16). A top grille allows heat to
leave the unit. LST radiators are suitable where high
surface temperatures could cause burning. Examples
are aged persons homes or nursery schools.

Grille to facilitate heat output

T~
[~
\X

Casing prevents contact with
hot radiator surface

Figure 1.16 Low surface temperature radiator
Perimeter Radiator . Thisradiator isconstructed from

atube which has had fins added to increaseits surface
areafor heat output (figure 1.17).

Fins increase surface area for
heat output

N

Figure 1.17 Perimeter radiator
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The unit may only be 150mm high but it is long in
length. Perimeter radiatorsare typically used a ong the
entire outer edge of highly glazed spaces. Here their
heat output counteracts cold down draughts from the
glazing. Itslow height makesit unobtrusive. A modifi-
cation of perimeter heating is to recess the radiator
into the floor depth and cover it with agrilletoforma
perimeter convector heater.

Convector Heater. Convector heatersare constructed
fromacabinet inwhich thereisafinned coil heated by
water flowing through it from the heating system (fig-
ure 1.18). Air inside the casing is heated by contact
with the heating coil causing it to rise up through the
convector and out of the upper grilleto heat the room.
The convection current carries on this cycle by draw-
ing cool room air into the cabinet viathelower grille. A
filter behind theinlet grille removes dust from the air-
Stream.

Warm air out

Hot water flow and
return connections

Cool room air in

Figure 1.18 Convector heater

The heat output of the unit can be increased and the
time taken to heat the room reduced by fitting a fan
into the casing to drive the circulation of air through
the heater. The heater is then known as a fan convec-
tor. Fan noise can beaproblem in some quiet locations
but heat output can be regulated more effectively by
switching the fan on and off as required.
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Radiant Panel. These heat emitters are composed of
copper tubes welded onto metal plates (figure 1.19).
Flexible connectors are then used to connect a series
of these plates together. The panels, which in offices
areperforated and painted, are hung to form part of the
suspended ceiling. Water from the heating system is
passed through the tubing causing the temperature of
the panelsto increase. The space below isthen heated
by convection and radiation.

Radiant panel

Insulation

Heating system

flow pipes

Figure 1.19 Radiant panel

l

Heat output

The advantages of radiant panels is that they do not
take up any wall space and their heat output will not
be affected by furniture such asfiling cabinets or desks
pushed up against walls.

Underfloor Heating. This method utilises the entire
floor, and sometimes the walls, of a room as a heat
emitter (figure 1.20). Water from the heating systemis
passed through polymer pipes embedded in the floor
screed. Theflow temperature, at approximately 24°C, is
much lower than for other types of heat emitter. Thisis
possible because of the large surface area created by
utilising the floor for heat output. Thisisin contrast to
the smaller but hotter surface area of aradiator.

There are many benefitsfrom using an underfloor heat-
ing system. These are;

Wall spaceis not taken up by heat emitters.

large spaceswhich are difficult to heat evenly
from perimeter heat emitters can be uniformly heated.



| P5-HUMAN.THERMAL.COMFORT

Human thermal comfort isdetermined by theway indi-
viduals perceive the temperature of their environment
i.eisittoo hot or too cold. This perception dependson
personal preferences. As a result, within a group of
people in the same room, some will feel comfortable,
some too hot and some too cold. Building profession-
as must use their knowledge of the building fabric,
heating services and human physiology to ensure that
the majority of peoplein a

Activity M etabolic Heat Output (W)
Sedentary 100
Active (light work) 150
Very Active 250

Secondly, additional heat |oss arises due to evapora-
tion of moisturefrom thelungsand skin. Latent heat is
absorbed (see IP6) which

space are satisfied with the
temperature. Thereare some
serious health concerns in
buildings (see 1P10). But
lack of thermal comfortisa
chronic problem which af -
fects many people in badly ildi
designed buildings. bwldmgs

THERMAL COMFORT

To be comfortable aperson requires astable core body
temperature of 37.5°C. To achieve stability any heat
inputs to the body must be balanced by a heat output.
Extra heat input or reduced heat losses will cause the
subject to feel warmer. Extraheat loss or reduced heat
gains causes the subject to feel colder. Heat gains to
and losses from the body areillustrated in figure IP5.
Convectiveheat gainsand lossesare crested whenwarm
air moves into or out of contact with the body
respectively. Convective heat transfers are strongly
dependent on air movement around the body. Conduc-
tive heat gains and losses occur due to body contact
with hot or cold surfaces respectively. Since normal
contact with room surfacesis restricted to the soles of
the feet this does not constitute a major component.
Radiative heat gains and losses occur when a person
is positioned next to a warm or cold surface respec-
tively. The human body is very sensitive to radiant
energy and so this component has a strong affect on
comfort. In addition to the three basic forms of heat
transfer there aretwo othersrel ated to the human body.
Thefirst is heat gain by the body due to metabolism.
The body burns food to grow, repair itself and cause
movement. A by-product is heat. The amount of heat
gained by the body is substantial and increases with
thelevel of activity. Thisisillustrated in thefollowing
table.

Lack of thermal comfort is a
chronic problem which
affects many people in
badly designed or serviced
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cools the body. This cooling
effectisincreasedindry (low
RH) environments. In high
relative humidity environ-
ments evaporation is sup-
pressed. The space is then
commonly referred to as
being hot and "humid".

Heat gans Heat losses

Metabolism Evaporation

Rad ation Radiation

Corvection

—+—» Convection

Conduction Conduction

Figure IP5 Balance of body heat gains and losses
FACTORSAFFECTING THERMAL COMFORT

Anything which changes the balance of heat inputs
and outputswill affect thermal comfort. For example, if
air temperaturesrise heat gainswill increase. Turning
on afan in response causes air movement increasing
heat losses. This returns the body to thermal balance
and comfort. Thebody itself isvery effective at thermo-
regulation e.g raising hairsfor insulation, shivering for
metabolic heating, variable skin blood flow to regulate
body heat loss and sweating to cool evaporatively.
Other variablesare;

Amount of clothing (insulation)
Temperature gradients (differential losses)
Average surface temperature (radiant transfers)
Relative humidity (evaporation)



Thermal gradientsdecrease from foot to head
improving thermal comfort and reducing the risk of
stratification.

The low flow temperatures utilised in under-
floor heating makes them ideal for use with condens-
ing boilers(section 1.2.1). Thelow return temperatures
will increase the tendency of the boiler to operate in
condensing mode.

top of the cylinder to form an integral unit. Since the
feed water tank isopentotheair thesystemisreferred
to as a vented or non sealed system. The benefits of
indirect water hesting are that the central heating boiler
performstwo functions (space and water heating) and
that thereisastored volume of hot water ready to meet
peak demands.

Feed tank From COld
main
Flow N
Return l Hot water out
Floor (0 taps
covering Insulation
Cold
Floor feed |
scree options <
vented : Flow from
or ~ boiler
unvented | _Calorifier
H coil
Pressure :
vessel :
. Polypropylene :
Insulation pipes : Cold v >
Structural slab T » Return to
From cold | boiler
main

Figure 1.20 Underfloor heating system

1.5 Domestic Hot Water

Hot water is obtained from domestic central heating
systems in two ways. Firstly, by the use of indirect
cylinders which draw some of the heat away from the
heating circuit to provide hot water. The second isto
use combination ("combi") boilerswhich generate hot
water instantaneously asit is required.

Indirect Cylinder. Some of the heated water flowing
through the heating circuit is diverted, using a three
way valve, through a calorifier within the hot water
cylinder (figure 1.21). Thecaorifier isessentialy acoil
of copper tube through which the heating system wa-
ter flows. Heat transfer from the cal orifier warmsup the
cold water held in the cylinder. The heated water rises
to the top of the tank where it is drawn off to the taps.
The cold feed, which entersat the base of the cylinder,
isfrom amains fed tank which is often built in to the
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Figure 1.21 Indirect dhw cylinder

Unvented indirect cylinder sare similar to the system
described above in that a calorifier fed from the wet
heating system is used to heat a stored volume of wa-
ter. The differenceisthat the cold feed isfrom adirect
connection to the cold main instead of from atank. As
aresult hot water from the cylinder isfed to the taps at
mains pressure. This gives a greater flow rate than a
tank fed system. Since thereis no opening in the sys-
temto theair it isknown as a sealed or unvented sys-
tem. Two of the benefits of this systemsare that show-
ers can be successfully fed from them and that the
plumbing necessary for afeed tank is not required.

When water isheated it expands. Theincreasein pres-
sure caused by thiswould damage an unvented system
since the pressure cannot be released. Because of this
unvented hot water storage systems are fitted with a
small expansion vessel to take up the extra volume of



| P6-THERMAL.CAPACITY,SENSI BLE.AND.LATENT.HEAT

THERMAL CAPACITY

Thermal capacity isameasure of the ability of amate-
rial to absorb heat. It isusually specified in termsof the
specific heat capacity of themateria. Thisistheamount
of heat, measured in Joules (see | P2), that onekilogram
of the material must absorb to raise itstemperature by
1°C. The units of specific heat capacity are Jkg/°C.

For exampl e the specific heat capacity of water is4200
Jkg/°C, of air is993Jkg/°C and of stoneis 3300Jkg/°C.
It can be seen that per kilogram stone has a much
greater heat carrying capacity than air and that water
has a higher heat carrying capacity than stone. This
has consequences for the building services industry.
Air cannot carry asmuch heat per unit volume aswater.
As a consequence heat distribution systems which
useair must be much larger than hydronic distribution
systems to carry the greater volumes required. The
relatively highthermal capacity of dense materialssuch
as stone is used for thermal storage. One example is
the use of specia blocks in electric storage heaters
(section3.1).

SENSI BLEANDLATENT HEAT

Sensible heat and latent heat are both forms of thermal
energy. The difference in name arises as a result of
what happensto amaterial when thethermal energy is
being absorbed.

The absorption of L atent heat causesachange of state.
One example is the absorption of the latent heat of
vaporisation by water to change it from aliquid to a
gas (water vapour). It should be noted that a substance
gives out latent heat when the phase change is
reversed. For example the latent heat absorbed by a
refrigerant in the evaporator coil of a vapour
compression chiller is released once more when the
refrigerant condenses in the condenser.

Absorption of sensible heat causes an increase in the
temperature of the object. The amount by which the
temperature rises depends on the amount of energy
absorbed, the mass of the material and its specific heat
capacity (see above). Sensible energy is released by
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the object as it coals.
Sensibleand latent heat are best illustrated using water
asanexample.

Figure 1P6 showswhat happensif alkg block of iceat
0°Cisplaced in abeaker over aBunsen burner. Theice
absorbs heat from the flame but its temperature does
not increase instead it changes state, it beginsto melt.
The heat absorbed is called the latent heat of fusion
(units Jkg). When completely melted, further heat input
causesthetemperature of thewater to rise. Thethermal
energy now being absorbed is called sensible heat.
Thetemperaturerise continuesuntil 100°C isreached.
At this point the temperature once again stabilises and
asecond change of state occurs. Thistime from liquid
to vapour. The heat absorbed is called the latent heat
of vaporisation. This continues until all the liquid is
converted to vapour.

Latent heat of Latent heat of
liquifaction vaporisation
Sensible Heat
335Kk]J 420k] % 2260kJ
100[~ = —
~ |Ice Water Water and| Steam
8/ and steam
% watet|
<
o
=Y
g
F
0

Energy Input (not to scale)
Figure IP6: Heating of ice

Consideration of figure IP6 shows some interesting
features. Thefirst isthat substantially more energy is
required for the phase change from water at 100°C to
steam than for the heating from 0to 100°C. Thismeans
that steam at 100°C containsfar more energy than water
at thistemperature. Thisiswhy steam is a useful heat
transfer medium. It contains a lot of energy so
distribution pipes can be kept small whilst transferring
large amounts of heat to the heat emitters. It is also
dangerous. If steam escapes and condenses onto
human skin all of the latent hest of vaporisation is re
released which can cause severe burns.



water created by heating.

Energy issues. In summer the low loads encountered
by a central heating boiler required to generate hot
water only leads to reduced boiler efficiency. It is
thereforerecommended that indirect cylindersare used
in conjunction with acondensing boiler (section 1.2.1).
The cylinder itself must be well insulated to reduce
heat loss from the stored hot water. These heat |osses
are known as standing heat losses. The aternative
approach to energy efficiency isto use a stand alone
direct water heater (section 3.3)

Combi Boiler. A combi boiler isacombustion device
which hastwo heat exchangers, onefor the space heat-
ing system and one for the domestic hot water (figure
1.22). Cold water isfed into the unit directly from the
mains. Turning on the hot tap allows cold mainswater
to flow through the boiler which in turn causes the
burner to fire. Hot water is therefore generated as
needed. There is little or no stored volume of water.
The casing of the boiler also houses pumps, controls
and a pressure vessel. A pressure vessel is required
since the system is sealed and provision has to be
made for the increase in pressure that occurs as water
in the system is heated.

| |
Hot water dhw heat
exchanger

=

totaps i/’
Cold water

from mang

| Heating circuit
heat exchanger

Returnto
boiler

How from
boiler

A4

Figure 1.22 Combination boiler

One of the magjor benefits of this system is that it is
simpler and less costly toinstall asthefeed and expan-
siontank, indirect cylinder and cold water storage tank
arenot required. Thiscan be seen by comparing figure
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1.23 which shows acombination boiler heating system
with figure 1.1 which shows an open vented heating
systemwith indirect cylinder.

Combi boiler Heat Emitters
| Y
— Hot tap
- T ]
2 <— v
Cold feed Pump
from mains

Figure 1.23 Combination boiler heating system
DHW FOR COMMERCIAL BUILDINGS.

Hot water in commercia buildingscan be provided by
indirect cylinders as discussed previously. The cylin-
ders are however much bigger due to the increased
demand for hot water experienced in larger buildings
and are often referred to ascalorifiers. Another method
of dhw production is to replace the indirect cylinder
with awater to water plate heat exchanger. The source
of heat is still the indirect heating system.

Water towater plate heat exchanger sarebuilt from
layersof convoluted thin plates (figures 1.24 and 1.25).
Alternate voids created by the plates carry heating
circuit and dhw flows respectively. Heat istransferred
from the heating circuit flow to the dhw flow by con-
duction across the thin metal separating them. This
process is fast enough to produce hot water instanta
neously.

Plate heat exchangers have a number of advantages
over storage systems;

There are no standing heat losses since there
is no stored volume of water to cool down
overnight or at weekends.

L egionnaires disease can arisewherewater is
aI lowed to stand at the incubation temperature of the
legionellabacteria. Since standing water iseliminated



| P7/1-PLANT.ROOM.POSITION.AND.SIZE

Building services can represent 50% of the cost of a
highly serviced building and take up to 30% of itsfloor
area. This brings the importance of building services
in the construction process clearly into view. It also
illustratesthe need for early all ocation of spacefor and
planning of building services. The main elements
involved are plantrooms and horizontal and vertical
service runs. Space allocation must take into
consideration the need for adequate space and access
for servicing and, if it is felt necessary, provision for
flexibility and future

on the heating or air conditioning system. Reducing
the need for heating or air conditioning by using low
energy design principleswill cut down on the need for
energy consuming plant and therefore on the space
required to accommodateit.

At the early design stage rules of thumb will be
sufficient to make an initial allocation of space. (see
BSRIA Technical Note TN 17/95: Rules of Thumb,
BSRIA 1995). Thisfigure can berefined at alater stage
when exact detailsare known.

developments. Service
runs permeate throughout
the entire height, length
and width of a building
therefore, any building
services designs must be
made with due regard for
the structure. Integration
of serviceswith the struc-
ture is an important

area

element in the bui | di Ny 1

design process.

Thisinformation panel does not have enough spaceto
cover this subject in depth, but three main issues
relating to the planning of services can be highlighted.
These are space, location and distribution.

SPACE FOR SERVICES

There are many types of building and each one will
haveadifferent servicing requirement. Evenwithin simi-
lar building types there are arange of solutions avail-
able. One exampleis office buildings that can befully
air conditioned, naturally ventilated or operate with
both systems (mixed mode). The obvious rule is that
the greater the need for building servicesthe greater is
the need for space to accommodate them. So for
exampleasimplenaturally ventilated heated office will
devote 4-5% of its total floor space to plant whereas
for aspeculative air conditioned office thiswill riseto
6-9%. Highly serviced buil dings such as sports centres
with leisure pools may need to allocate 15-30% of the
total floor areato services. For an individual building
the final determinant of space requirement is the load

Building Services can
represent 50% of the cost
of a highly serviced building
and take up 30% of its floor
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Having arrived at a figure the
space can be concentrated in
one place which is usual for
small to medium sized
buildings. The possibility of
dividing the space up and
spreading it through the
building dependsonthelayout
of the building. If the building
coversalarge areathen it may
be economical to have smaller
but more numerous plantrooms distributed through-
out the site each satisfying individual zonesor sections
of the building. The advantageisthat distribution runs
are kept short and pipe and duct diameters can be
smaller to reflect the reduced floor areas served.

LOCATION

Plantrooms can be located anywhere in the building
but noise considerations, weight of equipment to be
accommodated and ease of access for maintenance
means that plantrooms containing heavy equipment
such as boilers and chillers tend to be located on the
ground floor or basement. However, modern low water
content boilers (e.g. Hamworthy Wessex)are designed
to be light for roof top installation. Air handling units
are lightweight but bulky. This means they can be
accommodated on rooftops where they are not taking
up lettable space and structural requirements are not
critical. Therooftop isauseful location for takinginair
which is generally fresher than at ground level. The
rooftop al so givesthe cooling system condenser access
to the outside air for waste heat rejection.

Continued on page 32



with plate heat exchangers the possibility of infection
is avoided.

Plate heat exchangers are physically much
smaller than indirect cylinders. Thismakesthem useful
where spaceislimited.
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Figure 1.24 Water to water plate heat exchanger
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Figure 1.25 Cross sectional diagram of a plate heat
exchanger

Since there is no stored hot water, which is used to
satisfy demand at times of peak usage, the heat ex-
changer must be sized to satisfy the peak hot water
demand of the building.

DHW DISTRIBUTION

A significant difference between domestic and com-
mercial dhw systemsistheway inwhich the hot water
isdistributed to the taps. In domestic propertiesasin-
gle pipe directswater from the cylinder to thetap. In
combi systemsthe energy to do thiscomesfrom mains
pressure. In indirect cylinder systems the water is
moved by gravity. Both of these mechanisms are ad-
equate because the pipe lengths are small. In large
buildings, however, the pipe lengths become longer
due to the large distances between hot water produc-
tion and use. Standing heat losses from these long
pipes would cool the water in them and result in tepid
water being drawn off from remote taps. Running off
this tepid water until hot water was obtained and the
heat |ost from the pipes themselves wastes energy. To
ensure that hot water is always available at the tap
they are usually supplied from a secondary hot water
loop (figure 1.26). A secondary dhw pump continually
circulateshot water from the cylinder or heat exchanger
around this circuit. As aresult hot water is always
available at the taps. Pipe insulation ensures heat lost
from the pipesisminimised (seelP1).

Indjrect @
cylinder Secondary

dhw pump
——
boiler =
flow Tap
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Figure 1.26 Secondary dhw circuit



