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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformitylassessment,|ds) well?asjinformation aboit\[SO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see: www.iso
.org/iso/foreword.html.

This document was prepared by ISO/TC 205, Building environment design.

This second edition cancelssianddreplacescthecfirstaedition’ (1SO-11855<6:2012), which has been
technically revised. The main changes compared-totheprevious’edition are as follows:

— addition of 4.8 (Flow control);
— correction of errors.
Alist of all the parts in the ISO 11855 series, can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

iv © ISO 2018 - All rights reserved
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Introduction

The radiant heating and cooling system consists of heat emitting/absorbing, heat supply, distribution,
and control systems. The ISO 11855 series deals with the embedded surface heating and cooling system
that directly controls heat exchange within the space. It does not include the system equipment itself,
such as heat source, distribution system and controller.

The ISO 11855 series addresses an embedded system that is integrated with the building structure.
Therefore, the panel system with open air gap, which is not integrated with the building structure, is
not covered by this series.

The ISO 11855 series is intended to be applied to systems using not only water but also other fluids or
electricity as a heating or cooling medium.

The objective of the ISO 11855 series is to provide criteria to effectively design embedded systems. To
do this, it presents comfort criteria for the space served by embedded systems, heat output calculation,
dimensioning, dynamic analysis, installation, operation, and control method of embedded systems.

The ISO 11855 series consists of the following:

— Part 1 specifies the comfort criteria which should be considered in designing embedded radiant
heating and cooling systems, since the main objective of the radiant heating and cooling system is
to satisfy thermal comfort of the occupants.

— Part 2 provides steady-state calculation, methods-for determination of the heating and cooling
capacity.

— Part 3 specifies design and dimensiohing methods‘of radiant heating and cooling systems to ensure
the heating and cooling capacity.

— Part 4 provides. dimensioning and calculation method to design TABS (Thermo Active Building
Systems) for energy-saving purposes, since radiant heating and cooling systems can reduce energy
consumption and heat source size by using renewable energy.

— Part 5 addresses the installation process for the system to operate as intended.

— Part 6 shows a proper control method of the radiant heating and cooling systems to ensure the
maximum performance which was intended in the design stage when the system is actually being
operated in a building.

— Part 7 addresses the connection to the energetic calculation in ISO 520311 and provides input
parameters for ISO 52031 based on the product properties.

1) Under preparation. Stage at time of publication: ISO/CD 52031:2018.

© ISO 2018 - All rights reserved v
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INTERNATIONAL STANDARD ISO 11855-6:2018(E)

Building environment design — Design, dimensioning,
installation and control of embedded radiant heating and
cooling systems —

Part 6:
Control

1 Scope

This document establishes guidelines for the control of embedded radiant heating and cooling systems.
It specifies uniform requirements for the design and construction of heating and cooling floors, ceiling
and wall structures to ensure that the heating/cooling systems are suited to the particular application.
The requirements specified in this document are applicable only to the components of the heating/
cooling systems and the elements which are part of the heating/cooling surface and which are installed
due to the heating/cooling systems.

This document is applicable to water-based embedded surface heating and cooling systems in
residential, commercial,and industrial buildings, The methods apply to systems integrated into the
wall, floor or ceiling construction without'any open‘air gaps.It'is'not applicable to panel systems with
an open air gap which is not integrated with the;building structure.

This document also applies, as appropriate, to the use of fluids other than water as a heating or cooling
medium. This document is not applicablefor testing of:systems. The methods do not apply to heated or
chilled ceiling panels:or beams:

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 11855-1, Building environment design — Design, dimensioning, installation and control of embedded
radiant heating and cooling systems — Part 1: Definition, symbols, and comfort criteria

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 11855-1 apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

NOTE All terms and definitions in this document are consistent with ISO 7345, ISO 9229, ISO 9288, ISO 9346
and ISO 16818.

© ISO 2018 - All rights reserved 1
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4 Controls

4.1 General

This clause describes the control of hydronic systems to enable all embedded systems to perform as
simulated. The design documents shall include specifications for the control system. The control system
shall be capable of varying heating or cooling outputs as well as maintaining predetermined room or
surface temperatures.

Control of the heating and cooling system shall enable the specified designed indoor temperatures to
be achieved under the specified variation on internal loads and external climate. The control system
shall, if specified, protect buildings and equipment against frost and moisture damage where necessary
(when normal comfort temperature level is not required) and prevent condensation from occurring.

The design of the control system shall take into account the dynamics of building, its intended use and
the effective functioning of the embedded system, efficient use of energy and avoiding conditioning the
building to full design conditions when not required. This shall include keeping distribution heat losses
as low as possible, e.g., by reducing flow rates and temperatures, when normal comfort temperature
level is not required. Control and operation of the system will enable control of the conditioning
systems to obtain possible savings of operational costs and enable the maintenance of required indoor
environmental conditions.

In order to maintain a stable thermal environment, the control system needs to maintain the balance
between supplied energy from the system and the losses/gains of building environment under transient
conditions. Slowly varying enengy, flows intheform of energyjlosses or gainsithrough the envelope are
determined by indoor and outdoor temperature, and direction and speed of wind. Annex A provides
further informative control concepts asfwell asexamplés.forfcentral systems.

2 © ISO 2018 - All rights reserved
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Figure 1 — Principal of an embedded radiant heating and cooling system exemplified by
a floor system

Figure 1 shows the principles of control. The supply water temperature is controlled by a mixing valve,
actuated to maintain the design condition. In the occupied space there is a sensor for temperature
and humidity, which can be used for zone control and/or give input to the control of the mixing valve
and provide information to the building management system (BMS) to determine space dew point
temperature which is necessary to ensure condensation in the building (surface, construction). Outside

© ISO 2018 - All rights reserved
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temperature sensors, supply-return water temperature sensors and in some cases surface temperature
sensors are to be installed to influence the control. The control modes of panel systems are based on
three system levels:

a) Local (room) control, where the energy supplied to a room is controlled;

b) Zone control normally consisting of several spaces (rooms);

c) Central control where energy supplied to the whole building is controlled by a central system.

The control system classification is based on performance level:

— Manual: The energy supply to the conditioned space is only controlled by a manually operated device.
— Automatic: A suitable system or device automatically controls energy to the conditioned spaces.

— Timing: Function of energy supplied to a conditioned space is shut off or reduced during scheduled
periods, e.g., night setback (not necessarily applicable for cooling).

— Advanced timing: Function of energy supply to the conditioned space is shut-off or reduced during
scheduled periods, e.g., daytime with more expensive electricity tariff. Re-starting of the energy
supply is optimized based on various considerations, including reduction of energy use (not
applicable in commercial buildings).

4.2 Central control

The central control shall contral the watertemperatureithroughthe embedded system. In residential
systems the control is normally done according to the,outside,climate (based on the heating/cooling
curve, which is influenced by building’ ntass, heat ‘loss," and "differences in heat required by the
individual rooms).

To reduce losses in the distribution system.the,central contnolchas te_control according to outside
temperature, i.e. higher water temperature for lower.outside temperatures, for heating only.

Instead of controlling the supply water temperature it is recommended to control the water
temperature 6, (mean value of supply and return water temperature) according to outside and/
or indoor temperatures. This is more directly related to the energy flux into the space. If during the
heating period for example the internal load in the space increases, the heat output of the floor system
will decrease and the return temperature will increase.

If the embedded system is operated intermittently (e.g. night and/or weekend set-back) the central
control is also important for providing high enough water temperatures (Boost effect) during the pre-
conditioning period in the morning. The energy savings by night set-back in residential buildings are,
however, relatively low due to the high thermal insulation standard in new houses.

For commercial systems the control is normally done according to the heatloss or gain, and differences
in heat or cooling required by the individual rooms which control the supply water temperature to
the system.

For cooling it is also recommended to control the supply water temperature based on the zone with
the highest dew point temperature. In many buildings with cooling, the internal load is of significant
importance and it is recommended to let the room temperature and humidity of representative space
influence the control of the water temperature.

Radiant surface cooling systems shall include controls to avoid condensation on internal cooled surfaces
or condensation in critical parts of the building. This can be done by a central control of the supply
water temperature and a limit on the minimum water temperature based on a measured dew point in
the conditioned space.

4 © ISO 2018 - All rights reserved
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4.3 Zone control

To optimize energy and control performance larger buildings should be divided in zones, where the
individual spaces in each zone require about the same water temperature (north — south). An apartment
or one-family house is normally regarded as one zone. The whole zone can be controlled with reference
to a temperature sensor in a representative space of the zone.

4.4 Local (room) control
National building codes shall be followed regarding individual room control.

The installation of individual room temperature controls is recommended in order to improve comfort
and for potential energy savings. Besides energy benefits it is essential for the thermal comfort of the
occupants that they have a possibility for individual adjustment of the room temperature set-point from
room to room.

In the case of a radiant surface heating systems, the valve (and then the water flow) on the manifold is
controlled by a room sensor (wired or wireless). The wiring is often installed together with the main
power wiring. Room sensors are therefore often installed near a switch for the main power (door), and
not in a representative position of the occupied zone. In order to eliminate this problem, individual
room temperature control systems, using a link based on radiofrequency transmission between the
room sensors and the control valves (Figure 1), can improve the quality of the control.

In terms of comfort, it is preferable to control the room temperature as a function of the operative
temperature in the area occupied, by the person. Besides the position,.it is important to consider the
shape, size and colour/(important for short wave radiation,'sun lights) of the sensor in order to express
convective and radiant heat exchange betweenysensor and space similarly as for the person (refer to
EN 7726).

4.5 Influence of thermal mass of embedded systems

The heat capacity of surfaces with embedded pipes'(e.g.; asthe floor screed), play a significant role for the
thermodynamic properties of the heating system and hence for the control strategy. The temperature
level of the heat carrier, the time response and the thermal capacity of systems will depend on the
thickness of the surface layer where the pipes are embedded. The highest capacity involve systems E, F
with slow response to load changes on water side in concrete core followed by Types A, C, D, B and the
lowest capacity gain systems typed as G. In most cases the time constant of the building is several times
higher than embedded systems.

The mass has a significant effect if a change in room temperature level is needed. On the other hand,
regarding controlling for changes in external climate and internal loads (people, sun, etc.), all the
systems are quite fast in response on the room side because of the self-regulating effect (see 4.6).

4.6 Self-regulating effect

Due to the high impact that fast varying heat gains (e.g., sunshine through windows) may have on the
room temperature, it is necessary that the heating system control compensate this by reducing or
increasing the heat difference between room and heated/cooled surface and partly on the difference
between room and the average temperature output. For a low temperature heating system and high
temperature cooling systems such as embedded radiant systems, a significant effect is so called “self-
regulating”. The “self-regulating” depends partly on the temperature in the layer, where the tubes
are embedded. It means that fast change of operative temperature will equally change heat exchange
and result in influence of total heat exchange (see Figure 2). This impact is bigger for systems with
surface temperatures close to room temperature because the change of one degree represents a higher
percentage based on a small temperature difference than on a high temperature difference.

The self-regulating effect of low temperature heating systems supports the control equipment (e.g.
individual room temperature control) in maintaining a stable thermal environment providing comfort
to the person in the room.

© IS0 2018 - All rights reserved 5
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