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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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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.

Thd
eled

Thd
do t
dim

Thd

ISO 11855 series is intended to be applied to systems using not only water but alsojoth
tricity as a heating or cooling medium.

objective of the ISO 11855 series is to provide criteria to effectively design embedded s
his, it presents comfort criteria for the space served by embedded systems heat output
ensioning, dynamic analysis, installation, operation, and control methodrof-embedded sy

ISO 11855 series consists of the following:

Part 1 specifies the comfort criteria which should be considefed in designing embedd
heating and cooling systems, since the main objective of the radiant heating and coolin
to satisfy thermal comfort of the occupants.

Part 2 provides steady-state calculation methods for.determination of the heating a
capacity.

Part 3 specifies design and dimensioning methods of radiant heating and cooling system|
the heating and cooling capacity.

Part 4 provides dimensioning and calculation method to design TABS (Thermo Actiy

er fluids or

ystems. To
alculation,
stems.

ed radiant
b system is

nd cooling

S to ensure

re 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 installationprocess for the system to operate as intended.

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

Part 7 addressés)the connection to the energetic calculation in ISO 520311 and proy
parameters for,1SO 52031 based on the product properties.

ensure the
ally being

Fides input

1y

Under preparation. Stage at time of publication: ISO/CD 52031:2018.
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Building environment design — Design, dimensioning,
installation and control of embedded radiant heating and
cooling systems —

Part 6:

Cgntrol
1 [Scope
Thif 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 flo

and
The
coo
due

Thi
res

wal
an

Thi

chi

memium. This document is not applicable for testing of systems. The methods do not apply t

wall structures to ensure that the heating/cooling systems are suitedyto the particular g
requirements specified in this document are applicable only to(the components of th
ing systems and the elements which are part of the heating/cooling surface and which aj
to the heating/cooling systems.

5 document is applicable to water-based embedded <Surface heating and cooling :
dential, commercial and industrial buildings. The methods apply to systems integrat
, floor or ceiling construction without any open air’gaps. It is not applicable to panel sy
pen air gap which is not integrated with the building structure.

5 document also applies, as appropriate, to thetuse of fluids other than water as a heating

ed ceiling panels or beams.

ors, ceiling
pplication.
e heating/
e installed

ystems in
bd into the
stems with

or cooling
b heated or

2 |Normative references

The following documents are «eferred to in the text in such a way that some or all of thpir content
conktitutes requirements ofthis document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
[SO|11855-1, Building-environment design — Design, dimensioning, installation and control of embedded
radjant heating and-cooling systems — Part 1: Definition, symbols, and comfort criteria

3 |Terms‘and definitions

For|the{puirposes of this document, the terms and definitions given in ISO 11855-1 apply.

[SO amdtE€ maimtaim terminotogicat databases for use i stamdardizatiomrat the fottowimgaddresses:
— 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
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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 heatlng and coohng system shall enable the spec1f1ed de51gned 1ndoor temperatures to

shall, if spdcified, protect buildings and equlpment agamst frost and m01sture damage where necess ary
(when nort

systems to|obtain possible savings of operational costs and enable the maintenance of required indoor
environmental conditions.

In order tg maintain a stable thermal environment, the control systém needs to maintain the balgnce
between sypplied energy from the system and the losses/gains of bliilding environment under transfent
conditions| Slowly varying energy flows in the form of energy losses or gains through the envelope|are
determinegl by indoor and outdoor temperature, and direction~and speed of wind. Annex A provjdes
further infprmative control concepts as well as examples for¢entral 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 3
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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 deyice.

— Automiatic: A suitable system or device automatically controls energy to the conditioned$paced.

— Timing: Function of energy supplied to a conditioned space is shut off or reduced during scheduiled

perio

, e.g., night setback (not necessarily applicable for cooling).

— Advanfed timing: Function of energy supply to the conditioned space is shut-off or reduced during
schedyled periods, e.g., daytime with more expensive electricity tariff. Re-starting of the endrgy

suppl

applicable in commercial buildings).

4.2 Cenfral control

is optimized based on various considerations, including reduiction of energy use [not

The centrall control shall control the water temperature through’the embedded system. In residential

systems th
curve, wh
individual

To reduce
temperatu

Instead of
temperatu
or indoor 1
heating pe
will decred

If the emb
control is §

e control is normally done according to the outside climate (based on the heating/cooling
ch is influenced by building mass, heat loss,-and differences in heat required by [the
rooms).

losses in the distribution system the gentral control has to control according to outfide
e, i.e. higher water temperature for lower outside temperatures, for heating only.

controlling the supply water” temperature it is recommended to control the whter
Fe O (mean value of supply-and return water temperature) according to outside and/
emperatures. This is moresdirectly related to the energy flux into the space. If during|the
-iod for example the internadl load in the space increases, the heat output of the floor sysfem
se and the return temperature will increase.

pdded system is-operated intermittently (e.g. night and/or weekend set-back) the cenftral
Iso importantferproviding high enough water temperatures (Boost effect) during the pre-

conditioning period in€he’morning. The energy savings by night set-back in residential buildings pre,

however, r

For commsq
in heat or

blatively low due to the high thermal insulation standard in new houses.

rcialisystems the control is normally done according to the heat loss or gain, and differenpces
cooling required by the individual rooms which control the supply water temperaturg to

the syste

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.

© 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

toa

4.4

temperature sensor in a representative space of the zone.

Local (room) control

National building codes shall be followed regarding individual room control.

The
and
occ
roo

Int
con
poy
not
roo
roo

In t
tem
sha
con
EN

4.5

The
the
leve
thid
wit
low

higher than embedded systems.

The
reg
Sys

4.6

installation of individual room temperature controls is recommended in order to impr
for potential energy savings. Besides energy benefits it is essential for the thermal co
Ipants that they have a possibility for individual adjustment of the room temperature set
n to room.

he case of a radiant surface heating systems, the valve (and then the watepflow) on the

frolled by a room sensor (wired or wireless). The wiring is often installed together wit]
fer wiring. Room sensors are therefore often installed near a switch/for the main power
in a representative position of the occupied zone. In order to eliminate this problem,
n temperature control systems, using a link based on radiofréquency transmission bg
m sensors and the control valves (Figure 1), can improve the-quality of the control.

erms of comfort, it is preferable to control the room t€émperature as a function of th¢

be, size and colour (important for short wave radiatien, sun lights) of the sensor in order
vective and radiant heat exchange between sensor’and space similarly as for the persc
7726).

Influence of thermal mass of embedded systems

heat capacity of surfaces with embedded pipes (e.g., as the floor screed), play a significant
'modynamic properties of the heating system and hence for the control strategy. The te
1 of the heat carrier, the time. response and the thermal capacity of systems will dep
kness of the surface layer where the pipes are embedded. The highest capacity involve s
h slow response to load changes on water side in concrete core followed by Types A, C, [}
st capacity gain systemsityped as G. In most cases the time constant of the building is se

mass has a significant effect if a change in room temperature level is needed. On the (
hirding controlling for changes in external climate and internal loads (people, sun, e
ems are quite fast in response on the room side because of the self-regulating effect (se¢|

Self-regulating effect

Due

e comfort

j:,fort of the

point from

manifold is
h the main
(door), and
individual
btween the

P operative

perature in the area occupied by the person. Besides-the position, it is important to consider the

to express
n (refer to

role for the
mperature
end on the
ystems E, F
, B and the
veral times

ther hand,
c.), all the
4.6).

ave on the

tothe high impact that fast varying heat gains (e.g., sunshine through windows) may h

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.
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Figure 2 shows the “self-regulating” effect of a radiant floor for heating and cooling.

y / a / b - C
30 7y | ]
| At T
At : At : At,
2
Y A ] |
| Y
i : —
S | e O\
e . |
| |
| |
| |
| |
| |
| |
| |
| |
0 8 18 24
X
Key
x  hour c asAtiuncreases so does cooling output
y  temperpture d 19 °€minimum cooling surface temperature
a  maxim@m floor surface temperature 28 °F e -+ (220 °C minimum day temperature
b  as Atyp|decreases so does heat output f © 15 °C minimum night temperature
Figure 2[— Self-regulating effect of a radiant floor (surface temperature depend on the timg)
4.7 Control of TABS
Individual froom control is not adyvisable for TABS systems, but a zone control (south — north), where
the supply| water temperatur'e)average water temperature or the flow rate may differ from zong to
zone, is avgilable. The zoniftgshould consider the external and/or internal heat loads.
Relatively |small tempefature differences between the heated or cooled surface and the space|are
typical for|TABS systems. This matter results in a significant degree of self-control. In specific cgses

by well-de

heat at roo

bignedssystems with low heating/cooling load, a concrete slab can be controlled at a 1

temperature below 22 °C and cool above the room temperature of 22 °C.

ear
will

constant CT;e (water) temperature year round. If, for example, the core is kept at 22 °C, the system

4.8 Flow control

Water-based floor heating systems need a hydronic balancing. The components have to be adjusted in
order to ensure the required flow rates. Under dynamic conditions, e.g., during the heating up period,
it shall be ensured that the hydraulic interaction between the different heating circles is small (the
flow rates in the different circles should not be greater than the design flow rates). Depending on the
situation of the heating system the floor heating distribution system shall be equipped with facilities

for degassi

ng and sludge separation.
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Annex A
(informative)

Control of radiant floor heating-cooling systems

A.1l

Inc
on

pra
by
de
cap
ope
lim
lim
sho

A cg
a fl
con
roo
coo

water temperature. This is done by adding a ‘humidity sensor in the building/space conne

cen

A.2

Figiire A.1 shows the control system components which comprise a closed circuit com

cird
pro
int
hea
isc

Hh

king supply which.€an have a variable temperature together with a return. The cooling 1

Concents
|

TOUTTICTC Pt

pnditioned spaces, the cooling power of radiant heat exchange may be limited to aveid'co
the surface and in the building structure. The risk of indoor surface condensation is

aintaining the floor surface temperature above the space dew point temperature. Simy
midifying the ventilation air to a certain level will result in lower dew"point and hig
hcity, as the cooler temperature of the radiant surface increases radiation asymmetry anc
rative temperature; precautions have to be taken in such a case s6 as to not exceed t

t of 17 °C and 19 °C for wall or ceiling and floor, respectively, and.the indoor operative td
11d be controlled according to the standard required temperature.

ntral control is also essential when using floor cooling. Due to the limitation of the cooli
bor system will not always be able to control the roohttemperature at a fixed level. B4
frol should provide the maximum cooling power taking into account comfort (floor te
n temperature) and the risk for condensation (dewpoint temperature). The central conti
ing then has to take into account the dew point'in the building/space when controlling

fral control unit.
Example of control system:éomponents

ulating pumps. This cireuit’is connected to the supply and return header. The cirg
vided with all the necessary isolating and balancing valves. There are two mixing pip4
he circuit. One is for fieating and the other is for cooling. The heating mixing pipe is con

nnected to a cobling supply which can have a variable temperature together with a retu

hdensation
avoided in

Ctice by limiting the supply water temperature according to the dew point tempgrature if the space,

Itaneously
er cooling
decreases
he comfort

ts in the space. In particular, the temperature of the cooling surfaceShould not be reducegl below the

mperature

g capacity
isically the
mperature,
ol for floor
the supply
cted to the

plete with
uit is also
s installed
hected to a
hixing pipe
n.
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}EKE—— X

Key

1  controlfvalve

2 valve

3  pump

4  balanciphg valve
T temperpture

Figure A.1'= typical radiant floor header connection

The perforfmance of a radidnt floor subjected to different solar radiation intensities will depend on|the
controllability of the radiant cooled floor to maintain certain conditions such as space temperatyres
and floor spurface temperatures. Embedded systems with and without coverings have to be analysef to
assess the |nfluencé of'floor coverings.

A.3 Dew point

The floor surface temperature of the radiant floor cooling system is lower than the air temperature in
the space. Therefore, if the surface temperature of the floor falls down below the space air dew point
at any area, water falls out and the floor gets wet. The floor surface temperature is dependent on the
water temperature at the specific area, the cooling load of this area and the distance between the tubes
within the floor construction. Because of the distance between the tubes, the floor surface temperature
is not uniform. It is recommended to select a minimal supply water temperature equal to the supposed
maximal dew point temperature to avoid condensation on the floor surface and to guarantee the
selected cooling capacity of the radiant system. Additionally, the supply water temperature should be
controlled by a humidity control sensor.

If for any reason a water supply temperature below the supposed dew point is selected, the minimal
possible surface temperature of the floor in areas with reduced loads shall be calculated carefully.

8 © ISO 2018 - All rights reserved
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For example, when the indoor air is controlled at a dry bulb temperature of 24 °C and a relative
humidity of 50 %, the suggested dew point is approximately 13 °C. Therefore, a minimal supply water
temperature of 13 °C may be selected.

The combination of the radiant floor cooling system with a natural ventilation concept requires an
accurate calculation of the maximal suggested dew points within the space, considering the outdoor air
conditions as well as the latent loads of the space.

A.4 Supply water temperature

The
dec
diff]
dist

Itis
dew
diff
givg
rad

Ifn
wel

A4

By
tem
can,

Supply water temperature of the radiant floor cooling system Is a function of many. d
Feases with increasing thermal resistance of the floor construction, increasing water ¢
brence between supply and return water temperature, increasing cooling capacity~and
ances between the water pipes.

recommended to select in a first step a supply water temperature equal to.the' maximumn
r point temperature of the space air, however usually not below 13 °€.“The water t¢
erence between supply and return may be selected as 3 K to 5 K. With“these fixed valy
n or suggested floor construction, it is possible to calculate the maximum cooling cap4
ant floor system and the needed water flow rate.

bcessary, the supply water temperature, the temperature difference between supply an
as the pipe distance can be changed to achieve a maximuiperformance of the system.

.1 Constant flow, variable supply water temperature

maintaining a constant flow rate through the.radiant loop it is possible to maintain {
perature at a constant, i.e., 20 °C, by varying the supply water temperature. The radiant

mo
te
wa

loaq

As ¢
tem

be provided with a single-speed motor and<he floor surface temperature monitored by
nted temperature sensor. As the space-specific load and/or short-wave load decreases,
perature will begin to decrease; the surface temperature can be maintained by allowing
er temperature to increase.

re A.2 shows a plot of the surface temperature, supply and return water temperature
| conditions under this contrgl strategy.

bxpected, as the space load decreases so does the difference between the supply and re
perature.

spects and
mperature
increasing

suggested
mperature
es and the
city of the

| return as

he surface
[loor pump
a surface-
he surface
the supply

at varying

furn water
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== flogr surface temperature
== floy rate
Figure A.2 — Constantflow variable supply water temperature control strategy
A4.2 Variable flowy constant supply water temperature
Alternativgly, it isjpoSsible to vary the flow rate through the radiant loop while maintaining a cons
supply water temperature. This control strategy requires a variable-speed motor and controls for a v
small motdrdtwould still be possible to track the volume flow rate against the surface temperature
adjust the lowasthespetificspace toadchanged:

Figure A.3 shows a plot of the surface temperature supply and return water temperature at varying
load conditions under this control strategy.

Again, as expected, the difference between the supply and return water temperature decreases with
the space load. Compared with the control strategy shown in Figure A.3, the difference for the minimum
operating point of a variable-volume control strategy is considerably higher than with a constant
volume, variable supply water temperature strategy; 17 °C, 6 °C respectively.

10
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