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This General Information Report, produced under the Department of the
Environment’s (DOE) Energy Efficiency Best Practice programme, draws on the
extensive experience of manufacturers, designers, installers and commissioning
engineers to assist in the installation of reliable and energy efficient heating
systems and controls in buildings.

It has been developed primarily to support a series of presentations given at
workshops jointly run by BRECSU (for DOE) and CIBSE to professional design
engineers and design technicians. Minor changes have been made following
feedback from delegates attending workshops in 1995. The workshops are to
be continued in 1996.

1.1 Overall Objective

It is estimated that 90% of H&V control systems in buildings are inadequate.
This costs industry and commerce £500 million per annum in additional energy
costs.

The fundamental objective of the workshop is to provide guidance which will
facilitate a substantial increase in the standard of controls installed in UK
commercial buildings.

The supporting objectives are to enable the user to:
ensure that the services are controllable
select and specify the most suitable type of controls for a specific application

ensure that the system is correctly installed and set up and continues to
operate efficiently.

To achieve these objectives, the workshop:

explains the operation of various types of controls as applied to different
systems

details the safety and regulatory criteria for systems controls
provides examples of control of a large variety of common systems

details recommended practice for specification, installation and
commissioning of controls

specifies simple checks to be undertaken during commissioning to ensure
that control systems are operating as designed.

1.2 Consequences of Poor Design
Time wasting coordination of services during construction and commissioning.
Additional costs.
Delayed handover.
Unhappy clients.
Poor energy efficiency.

Litigation.

1.3 Responsibility

Professional design team responsible for overall design and specification of
control systems.

Suppliers responsible for detail design to meet specification.



1.4 Solution
Professional Design Team must use suitably experienced personnel to
design and specify control systems.
In-house specialists or staff training.
External specialist providing independent design services (not potential
supplier).
Competent commissioning.

1.5 Guidance
The guidance given includes best practice based at October 1994.

Users must ensure that they conform with all current regulations.

1.6 Further information

Please contact BRECSU for further information on matters related to energy in
buildings.

BRECSU

Building Research Establishment
Garston

Watford WD2 7JR

Tel: 01923 664258

Fax: 01923 664787

1.7 Acknowledgements

This document has been developed under contract to BRECSU for the DOE by
Graham Smith of Birling Systems Design Ltd.

Thanks are due to Paul Compton, Colt Group; David Morris, Consultant; Mike
Steddy, Landis & Gyr; and Nick Skemp, BDP — members of the advisory group
chaired by Colin Ashford.

If you have any feedback on the report/workshops, please contact: Colin J Ashford,
BRECSU, Building Research Establishment, Garston, Watford WD2 7JR. Fax:
01923 664097.



2.1 Space Heating System Controls

L2.26 This section is not intended to apply to control systems for commercial
or industrial processes.

2.2 Temperature Controls
L2.27 The requirement will be met by the appropriate provision of:

a. thermostats and/or thermostatic radiator valves or any other equivalent form
of temperature sensing control for each part of the space heating system
designed to be separately controlled; and

b. where the space heating system uses hot water, an external temperature
sensor and a weather compensator controller which regulates the
temperature of the water flowing in the heating system.

2.3 Time Controls

L2.28 The requirement will be met by the provision of heating time controls to
maintain the required temperature in each part of the building designed
to be separately controlled only when the building is normally occupied.
The timing controls could be:

a. for space heating systems with an output of 100 kW or less: clock controls
which enable start and stop times to be manually adjusted;

b. for space heating systems with an output in excess of 100 kW: optimising
controllers which set the start time for each space heating system
depending on the rate at which the building will cool down and then heat up
again when the heating is switched off for a period and then re-started.

L2.29 Additional controls may be provided to allow sufficient heating for the
prevention of condensation or frost damage during periods when the
normal heating service would otherwise be switched off.

2.4 Boiler Sequence Controls

L2.30 The requirement will be met by the provision of sequence controls for
multiple boiler installations where the boilers jointly serve loads in
excess of 100 kW. A sequence controller should detect variations in
heating demand and start, stop or modulate boilers in combinations
which are effective for the purposes of the conservation of fuel and power.

2.5 Hot Water Storage System Controls

L2.31 For a system other than one heated by a solid fuel fired boiler the
requirement will be met if:

a. the heat exchanger in the storage vessel has sufficient heating capacity for
effective control: a way of satisfying this requirement would be to provide
vessels complying with BS 1566 or BS 3198 or equivalent and in particular
with the requirements for the surface areas and pipe diameters of heat
exchangers given in these standards; and

b. athermostat is provided which shuts off the supply of heat when the storage
temperature is reached, and which in the case of hot water central heating
systems is interconnected with the room thermostat(s) to switch off the
boiler when no heat is required; and

c. atimer is provided either as part of the central heating system or as a local
device which enables the supply of heat to be shut off for the periods when
water heating is not required.

L2.32 For systems with solid fuel fired boilers where the cylinder is not
providing the slumber load the requirement will be met by the provision
of a thermostatically controlled valve.



2.6 Alternative Approaches

L2.33 The requirement will be met by adopting the relevant recommendations
in the following standards provided they achieve zoning, timing and
boiler control performances equivalent to the above:

a. BS 6880: 1988 Code of practice for low temperature hot water heating
systems of output greater than 45 kW;

b. CIBSE Applications Manual AM1: 1985 Automatic controls and their
implications for systems design.

2.7 Interpretation of Building Regulations

The general requirements of the Building Regulations are good practice. The
following notes clarify application of the regulations.

Continuously occupied buildings may be heated at all times. However, in
buildings such as old peoples homes and hospitals, the temperature
requirements should generally be lowered overnight. This results in
substantial energy savings.

The wording of the room temperature control section, stating ‘for each part
of the space heating system designed to be separately controlled’ causes
confusion. It must be taken to mean that space temperature should be
controlled.

Where a number of rooms form a zone with similar characteristics either of the
following should meet the intent of the regulations.

Control of the zone via a zone control system.
Space temperature reset of a compensator serving that zone only.

Control of individual emitters is preferable but may not be cost effective.



3.1 Open Loop Control

A control loop that does not have any feedback from the results of its control
action. It therefore does not react to the results of the control action.

3.2 Closed Loop Control

A control loop that has feedback from the results of its control action. It
therefore reacts to the results of the control action.

Floating, proportional plus integral (P&l) and proportional, integral and
derivative (PID) control all react to the result of the control action; they
therefore must only be used on closed loop applications.

3.3 Velocity and Transfer Lags

Velocity lag is the time taken for the effect of the control action to reach the
point where the effect is sensed (closed loop only).

Transfer lag is the time taken by the sensor to respond to a control action due
to thermal capacity and rate of transfer of heat.

3.4 On/Off Control and Thermostats
On/off control of heating, switches an item on when the temperature drops
below the setpoint and off again when the temperature reaches setpoint.

A switching differential is necessary for stable control. The switching
differential is the difference in temperature between switching on and off.

Room thermostats normally have an accelerator heater for improved control
of space temperature. This gently heats the thermostat when the heating is
switched on, and reduces its reaction time.

On/off control via thermostats is applicable for both open and closed loop
applications.

3.5 Time Proportioning Control

Time proportioning control varies the amount of time that a device is on,
compared to the time that it is off, in proportion to the offset from the setpoint.

It provides more stable control than conventional on/off control in some
circumstances.

Time proportioning control is normally used for closed loop applications.

3.6 Floating Control

Floating control has a deadband, within which no control action takes place.
When the measured value goes above or below the deadband, the controller
drives the controlled device in the direction required to bring the measured
value back within the deadband.

Floating control can provide stable control where there are step changes in
heating output, which can cause considerable pro Tw42c 0.1w42cvr Tw50.049 Tc 0.09 Tw 0-1.3333 Tnh t5231250m2 ptvE



Controllers where the setpoint is halfway through the PB can cause an
immense degree of confusion when applied to boiler sequence control or
similar functions, and results in many control systems being incorrectly set up.

Proportional control can be used for both open and closed loop applications.

3.8 Proportional Plus Integral Control

P&l control is the addition of integral action to the proportional action. The
integral action is defined as the area integrated, of the offset from setpoint,
over a period of time known as the integral action time.

The effect of P&l control is to provide stable closed loop control, without any
offset from the setpoint.

P&l control must only be used for closed loop control applications.

3.9 PID Control

PID control is the addition of derivative action to P&l actions. Derivative
action is, the rate of change of the measured value.

PID control provides very close control in situations in which variables are
altering very rapidly.

The benefits in accuracy and stability over P&l control are minimal and, to
achieve better control, can be very time consuming during commissioning.

PID control must only be used for closed loop control applications.

3.10 Multistage Control

Multistage control is the control of a number of stages of controller output in
sequence with respect to a control variable.

Control of multiple stepped heat outputs are normally controlled in
sequence via a step controller, or digital outputs. Stable control with a
closed loop can be difficult to set up due to the step outputs.

Floating control is the best solution for closed loop control of multiple step
outputs as a degree of offset is tolerated without causing an unstable situation.

Problems with closed loop control are worsened when the devices being
controlled have in-built controls or delayed actions.

Where open loop control is used, proportional control action must be used.
If the proportional band is set to match the design temperature drop of the
system, reasonably stable flow temperature should result.

Control of multiple modulating devices can be open or closed loop. Multiple
modulating boilers can be controlled in this manner if the individual



4.1 Safety Principles

Safety controls should override all other functions. They can either be
applied to individual items of equipment, such as the high limit thermostat
on a boiler, or to multiple plant items, such as the panic button in a
boilerhouse.

System design, commissioning, operational and maintenance procedures
must ensure compliance with all relevant safety legislation and codes such
as the Health and Safety at Work Act and Gas Regulations.

4.2 Local Isolators

Isolators must be designed to shut down the relevant item of plant and not
allow it to restart under any circumstances without operator intervention.

Where isolators are used for motors with star delta starters, or variable
speed drives, auxiliary contacts are required. Early break, make late
contacts may be necessary. Control lines at low voltage (240 V) should be
marked ‘Can be live when plant is isolated!’

4.3 Panel Switches
Panel mounted switches are normally of the following types:
1. Test/Off/Auto
2. Hand/Off/Auto
3. On/Off/Auto.

Switches should not override safety controls or local isolators. The test
(hand or on) position and off position should override all other functions.

4.4 Safety Shut Off

All plantrooms and boilerhouses should have panic buttons installed which,
when pressed, will stop all plant and shut off fuel supplies.

Panic buttons should be located internally at each exit.

A panic button located outside the plantroom is also recommended.

4.5 Protection against Condensation and Freezing
(Fabric/Frost Protection)

These functions should not override safety controls, local isolators, or test or
off positions of control panel switches.

They should override all other automatic control functions.

4.5.1 Building Fabric Protection

The main purpose of fabric protection is to protect the fabric of the building
and contents from frost and condensation damage.

Sensors should be located in the part of the building which is likely to cool
fastest or is the most vulnerable to damage. This is normally a north facing
corner on the top floor.

Fabric protection should maintain the building at the minimum required
temperature, normally between 4°C and 10°C. The lower the setting the less
energy is used for fabric protection.

For buildings in which fan convectors are the main type of heat emitter, the
fans should operate when heating is on for protection against frost or
condensation.



4.5.2 Frost Protection
The first stage runs the system pumps when the outside temperature drops
to 2-3°C.

The second stage starts the boilers when the system return water
temperature drops below 5°C. The boilers should be enabled until a return
water temperature of 50 to 60°C is reached to prevent boiler cycling and
flue gas condensation, unless condensing boilers are used.

Separate frost protection of pipework is required where pipework is exposed, or
likely to be subjected to freezing temperatures. Normally via trace heating.

Protection of dead legs caused by fully open three port valves required.

4.6 Health and Safety Executive Guidance Note PM5 -

Automatically Controlled Steam and Hot Water Boilers

The control thermostat must be set to shut off the burner at a pre-
determined temperature which provides a margin of at least 17°C below the
temperature of saturated steam corresponding to the pressure at the
highest point, above the boiler, of the circulating system.

The equivalent margin for the high limit hand reset thermostat is 6°C

Water temperature must be measured at or near the boiler flow outlet for the
purposes of normal controls and independent overriding controls

All individual boiler control and high limit thermostats should therefore by
located in the boiler waterway, near the outlet, or in the outlet pipe prior to
any isolation valve.

The following do not meet the requirements of PM5.

Boilers with burner control thermostats located in the inlet.

Control systems with the individual burner control thermostats relocated
to the main header.

4.7 Pressurised Systems

Where systems are pressurised, high and low pressure switches should be
provided to inhibit operation.

4.8 Maintainability

Control design must ensure that plant can be maintained without causing
incorrect setting or damage to the control systems.

Provision must be made for temporary isolation or override of systems to
allow for maintenance by non-skilled operators.

4.9 IEE Regulations, Latest Edition

These detail the requirements for electrical installation.

4.10 Other Regulations and Safety Requirements

Gas and oil-fired boiler installation must also comply with:

British Standards

European Community Standards (where these are applicable)
British Codes of Practice

Local Authority HSE Regulations

Insurance Company Requirements

Gas Safety Regulations 1984

Gas Region Requirements.

These primarily relate to the safety requirements of installation. In particular,
boiler stop/start and sequence controls should be designed so as to not
interfere with the packaged safety control of individual boilers.

8



5.1 Introduction

Selection of the correct time control for particular applications is critical to
the efficient operation of systems.

5.2 Timeswitches
Timeswitches should be used in accordance with the Building Regulations.

Timeswitches should have a resolution of 15 minutes or less for effective
operation.

Spring reserve or battery back-up is recommended to p7S



Figure 3 Optimiser function

5.4 Optimum Off

Optimum off stops the heating prior to the end of the occupancy time to allow
the building to cool to a lower preset temperature by the end of occupation.

Optimum off should be treated with caution and, if used, should be limited
to a maximum period at the end of occupation.

5.5 Daytime Optimisation

Daytime optimisation will switch the heating off during the occupancy period
if the rate of temperature decrease is predicted to be slow.

One internal sensor may not be typical of the whole heated volume in a
larger building.

Not suitable for buildings with long reheat periods.

5.6 Monday/Holiday Start

Extended preheat period is often required for the first day of occupation.

5.7 Preheat/Boost

The energy used for preheat is minimised by shortening the preheat period
as much as possible.

The temperature of the compensated circuit is ‘boosted’ above the normal
compensated flow temperature.

LTHW compensator valve fully open for boost.
Lightweight buildings boost - 20°C parallel shift of slope to prevent overshoot.
Other systems boost to maximum flow temperature limit.

Boost function should be terminated once the space temperature reaches
the desired occupancy temperature or time.

5.8 Intermittent, Extended or Random Occupancy Periods

Schools, village halls, etc require the facility to extend or have additional
occupancy periods.

Some simple control systems have the facility for programming in lower

temperature settings during low-occupancy periods. Controls are based on
additional internal thermostats and simple timeswitches.

5.9 Override Facilities

10

Override facilities should not wastefully heat unoccupied areas.

Simple override facilities are necessitated in buildings with flexible occupancy
periods if users lack the necessary expertise to reset occupancy programs.

The most successful method is normally to have a pushbutton which overrides
the timeswitch or optimiser so providing heat for a preset fixed period of time.



6.1 Introduction

Inadequate or incorrect application of boiler control can easily add 15-30%
to fuel consumption compared to a well-controlled system.

Control of multiple boilers is generally poor.

When fully implemented in 1998 the boiler efficiency regulations will lead to
more efficient part load operation for most installations and in the case of
low water content boilers will reduce the need for methods to reduce
standing losses.

Prior to 1998 the use of high efficiency or condensing boilers is recommended.

Where medium and high water content boilers are used methods of
reducing standing losses should be evaluated.

Ideally, boilers whose heat output is not required should be cold or cooling,
for low water content boilers this is not normally economically viable and
can create other problems if applied.

Older boilers having standing losses of up to 7% can result in additional
annual consumption of 20-30% if standing for long periods at full flow
temperature.

Measures to ensure cold or cooling boilers where heat output is not
required must be effectively engineered: half measures can be far worse
than no measures.

Segregation of heating boilers and hot water service (HWS) generation is
recommended where economically possible.

The reduced standing losses and improved part load efficiency of modern
well insulated, low water content boilers normally allows very simple
hydraulic arrangements to be used for multiple boilers.

Simple layouts do not require the use of individual boiler pumps, or
automatic isolation valves, which are the cause of many problems with the
control of multiple boilers.

6.2 The Boiler (Efficiency) Regulations 1993

New installations from 1 January 1998 must have boilers complying with the
boiler efficiency regulations which state minimum full load and part load
efficiencie or



6.4 Burner Control

The objective of burner control is to control the burner to maintain the
desired boiler flow (outlet) temperature.

This applies to all boilers regardless of size, and number of boilers in
multiple boiler installations.

Burner control thermostats and sensors must be located in the boiler outlet.

Maximum temperature settings for control and high limit functions are
governed by HSE PM5.

On/off burner control is the most common type of control even though part
load efficiency is poor compared with the other types.

6.5 Two Stage Burner Control
Two stage (high/low) burners provide on average 40% of output at low firing
rates.

Control of the burner is normally via a combined control and high limit
thermostat.

The high fire thermostat must be set lower than the burner (low fire) control
thermostat. The difference in setting should be at least as great as the
switching differential of the burner (low fire) control thermostat to prevent
unnecessary operation of high fire. This is normally at least 5°C.
Consequently there will be a wide variation in flow temperature from a boiler
with two stage burners.

For multiple installations of boilers with two stage burners the second stage
should be part of the sequence control rather than the separate thermostat.

The burner control (low fire) thermostat must limit outlet temperature at high
and low fire where high fire is enabled via the sequence control.

6.6 Modulating Burner Control
Modulating burners can have a better efficiency at low load than at high load.

The burner modulates the amount of fuel and air to provide a variable output
from 20-30% to 100%.

Efficiency can be improved by the use of oxygen trim control which
continuously optimises the air/fuel ratio. This gives savings in the order of
2% on a well maintained boiler and can yield savings of 3 - 5%.

Sequence control of modulating boilers may need interfacing with the
burner modulation if control is based on sensing of flow temperature.

Control sensors must be provided at the boiler outlets to limit the outlet
temperature of individual boilers as required by HSE PM5.

6.7 Packaged Burner Controls

Packaged burner controls have an in-built lockout sequence to prevent
operation with failure to ignite on start up or flame failure during firing.

These safety controls must remain in operation for each boiler in multiple
boiler installations.

Where boilers are directly compensated, or multiple modulating boilers are



6.9 Boiler Sequence Control
Boiler sequence control enables only the minimum number of
boilers/burners required to meet the system demand.

Good sequence control avoids short cycling of burner operation and
therefore enhances energy efficient and stable operation.

It achieves this by progressive enabling of burners with increasing system
demand and disabling of burners with decreasing system demand.



6.15 Methods for Reducing Boiler Standing Losses

6.15.1 Target

Standing losses should be less than 10% of total consumption.

6.15.2 Flue Dampers and Fans

Air inlet or combustion flue dampers should be used on larger boilers to
reduce standing losses from natural draughts through boilers.

Forced draught boilers should have the fans interlocked with the burner
operation.
6.15.3 Automatic Boiler Isolation

Automatic boiler isolation isolates the flow through off-line boilers in multiple
boiler installations and reduces losses from individual boilers.

Automatic boiler isolation adds to the complexity of multiple boiler systems
and often leads to control problems.

Motorised isolation valves have to be tight shut-off to prevent leakage
between ports that will keep the boiler warm.

No point in installing motorised isolation valves that leak, or are deliberately
set to provide a minimum flow.

Injection manifold systems normally provide boiler isolation more
successfully than other methods but are not without their problems.

The additional cost of valves, pumps, etc is normally only justified on large boilers.
Some manufacturers are concerned ab