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Zehnder Carboline Heating and Cooling System 3

Optimal indoor climate and effi cient use of energy 
throughout the year: Heating and cooling with 
Zehnder Carboline

New regulations now dictate how energy efficient a 
building should be, as a saving in energy also reduces 
C02 emissions. While this helps create an ideal indoor 
climate in the winter months, it subsequently creates a 
new problem in the transitional seasons and in summer:

The fabric of these buildings is well insulated, there-
fore, the rooms within easily over-heat. The high exter-
nal temperatures are boosted by the interior heat load: 
Computers, copiers, printers and other technical 
equipment cause increased indoor temperatures, as do 
the people occupying the space. Because the excess 
heat can no longer be dissipated, the cooling load 
rises, especially in buildings with high-grade insulation.

As part of the requirement for an ideal indoor climate, 
cool rooms in the summer will become equally impor-
tant in the future.

Zehnder Carboline is an elegant and innovative re-
sponse to the requirements placed on modern indoor 
climate control – in summer and in winter. This is 
because Zehnder Carboline allows rooms to be heated 
and cooled.

The main areas of application are

� Offices

� Schools

� Hospitals

� Meeting rooms

� Surgeries

Zehnder Carboline guarantees even heat distribution 
within a room and extremely high energy efficiency.
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Made in 
Germany

6

Experts in radiant 
ceiling systems 
since 1952

Zehnder Carboline encompasses 
more than half a century of experi-
ence in the manufacture of radiant 
ceiling systems for industrial and 
commercial use.

The start of this was the merger with 
Messrs. Beutler. The development 
of modern radiant ceiling systems has 
been further advanced by Zehnder. 
Today, Zehnder is Europe’s largest 
manufacturer of radiant ceiling panels.

Experience and competence, techni-
cal expertise, innovative products and 
tailor-made solutions – all these make 
Zehnder a globally sought-after part-
ner in the field of heating and cooling.

Early radiant panels product brochure
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Special features of 
Zehnder Carboline Expanded natural graphite:

An innovative material with 
ideal properties

The material used for Zehnder 
Carboline is produced from scale-
shaped natural graphite with a 
defined crystalline structure.

This is a naturally occurring mate-
rial and an inorganic modification 
of carbon; The carbon atoms of the 
graphite are arranged in a hexa-
gonal crystal lattice in flat, super-
imposed layers. 

The production process enlarges 
the volume of these parallel scales 
by 200 to 400 times. This expanded 
natural graphite is then processed 
further into lightweight panels.What distinguishes Zehnder 

Carboline from other ceiling-
mounted heating and cooling 
systems? Expanded natural 
graphite: its properties are ideal 
for the ceiling-mounted cooling 
and heating elements.

Combined with Zehnder’s ex-
pertise in the development and 
manufacture of panel-based 
heating and cooling systems, 
the result is a high-performance 
system that can be easily and 
practically integrated into exist-
ing and new grid and suspended 
ceilings.

This makes Zehnder Carboline 
perfectly suited to providing 
climate control in offices, schools, 
hospitals, meeting rooms and 
surgeries – in short, everywhere 
a comfortable and healthy indoor 
climate plays a decisive role.

Properties of expanded 
natural graphite:

� Good thermal conductivity

� Low density

� Non-combustible

� Non-ageing

� Physically inert

Expanded Natural GraphiteNatural Graphite
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Optimal heat 
distribution and 
controllability

Zehnder Carboline sets new 
standards in terms of perform-
ance, temperature distribution 
and controllability.

The expanded natural graphite 
guarantees an extremely even 
distribution of temperature. Due 
to the high and even surface 
temperature, the radiant com-
ponent of Zehnder Carboline is 
much higher than in comparable 
ceiling-mounted heating and 
cooling systems. This additional 
radiant heat provides extra com-
fort in the various rooms, while 
simultaneously reducing energy 
costs.

As well as the better heat distri-
bution, the reaction time of 
Zehnder Carboline under alter-
nating cooling or heating loads 
is unrivalled. The system reacts 
much quicker than conventional 
ceiling-mounted heating and 
cooling systems. Critical to this 
is the combination of good 
conductivity and low mass found 
in expanded natural graphite. 
Due to the rapid response, energy 
efficiency is much higher than 
in conventional systems.

The thermographic imaging shows the 
comparison between Zehnder Carboline 
and a competing product, both exposed 
to the same temperature and mass flow. 
Θ average surface temperature

The reaction test also shows that Zehnder Carboline reacts faster than the competing product 
during a change of temperature from heating to cooling. Both systems were subjected to 
the same temperature and same mass fl ow for the test series. It can be seen that: The Zehnder 
Carboline cools much quicker and also shows better performance after 25 minutes. 
Θ average surface temperature

After 30 seconds

After 5 minutes

After 1 minute

After 25 minutes

Temperature gradiant over panel

Panel width
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Principles 
and operation How do modern ceiling-mounted 

heating and cooling systems work? 
To explain this, we first need to 
compare the various forms of heat 
transmission:

Thermal conduction
The heat is transmitted within a body 
through vibration. The particles 
are at rest with each other. Example: 
Touching a hot object.

Convection
The heat is transmitted from a liquid 
or gas to a solid body, or vice versa.

The particles are in motion with 
each other. Example: The hot air 
rising from a radiator.

Radiation
Each body radiates heat, depending 
on the nature of its surface and tem-
perature. The heat is transmitted 
from one body to another by means 
of electromagnetic waves (light). 
Example: Sensing the heat radiated 
by the sun on a snow-covered 
mountain.

Heating effect of our system
Radiant ceiling panels give off most 
of their heat through radiation. The 
remaining heat is transmitted via 
convection.

The radiation of heat is achieved by 
passing heated water through pipes. 
The entire system transfers this heat 
to the room.

The benefit of our system lies in the 
direct heating effect it has on the 
body, without the need to heat an-
other medium (air).

How do people sense heat? The 
ability to sense heat is determined 
by exchanging the heat generated 
in the body with the environment. In 
cool rooms, too much heat is drawn 
from the body and the temperature 
of the room is perceived as being 
too low. This can be offset by raising 
the air temperature and through heat 
radiation.

In the case of radiant heating sys-
tems, the room is heated through 
a raised surface temperature with a 
simultaneously low air temperature. 
This allows valuable energy to be 
saved!

Cooling effect of our system
The cooling effect is based on the 
same physical principles as the heat-
ing effect. Only now, the heat is not 
radiated, but absorbed:

As the cold radiant ceiling panel 
exchanges radiation with the warmer 
surfaces, the warmer surfaces give 
off part of their heat to the panel. 
About 60 % of this radiant heat is 
absorbed. The remaining 40 % arises 
through convection as the warm 
indoor air rises due to the difference 
in density and flows along the ceil-
ing, where it transmits its heat to the 
radiant ceiling panel. The cooled air 
flows – again based on the difference 
in density – back into the room.

In this case, the air temperature is 
perceived as being lower than it 
actually is. And yet again, it is also 
possible to save precious energy 
compared to pure air cooling systems.
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Energy-saving 
considerations The temperature a person senses in a 

room is the arithmetic mean average 
of the indoor air temperature and the 
surface temperatures (e.g. wall, ceil-
ings, floors). 

Due to the radiation and the higher 
surface temperature of ceiling-
mounted cooling and heating systems, 
the indoor air temperature during 
heating can be kept lower. The indoor 
air temperature can also be higher 
during cooling, and still be perceived 
as comfortable.

Energy costs are reduced, both when 
heating and when cooling, due to 
the lower or higher air temperature.

The special properties of Zehnder 
Carboline reinforce this saving 
effect even more. Both through the 
even and high surface tempera-
ture of the cooling and heating ele-
ments and through the extremely 
quick reaction time. This allows 
indoor temperatures to be con-
trolled as required within a very short 
time, without unnecessary losses 
of energy.

In terms of energy consumption, 
the Zehnder Carboline has many 
advantages:

�  Air temperature can be up 
to 3 K lower (when heating) 
or higher (when cooling)

�  Very good controllability 
of the system

�  High radiant component due 
to high surface temperature

�  Short heating and cooling 
time of the system through 
low storage masses

Due to the higher surface temperature, a much lower air temperature is sufficient for a ceiling-mounted 
radiant heating system in order to give people a sense of comfortable warmth.

Air temperature 
19 °C

Perceived temperature
21 °C

Surface temperature 
23 °C
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Investment costs
The level of investment for providing 
climate control within a building 
depends on several factors: For cool-
ing, the type of distribution system, 
the cooling source, the comfort 
required and, finally, the architectural 
requirements. Zehnder Carboline 
is especially suited for large cooling 
loads and where a high value is 
placed on comfort and aesthetics. 

Since the panels can operate at 
relatively low heights, lower storey 
heights can also be achieved with-
out problem. As complex ventilation 
systems and ducts can also be 
dispensed with, there is no need for 
additional plant rooms and service 
shafts. This results in additional sav-
ings, which should be included in the 
calculation.

Cost-benefit 
consideration

A pleasant indoor climate, excel-
lent control comfort and high 
energy efficiency are all good 
reasons for choosing Zehnder 
Carboline. However, when se-
lecting a system for heating and 
cooling rooms, there is another 
important factor: The costs. 
Besides the energy costs, these 
are primarily the investment 
costs for a system. They are a 
decisive factor for the devel-
oper in the planning or building 
phase. Of course, with constant-
ly rising energy prices, it will 
become increasingly important 
to be aware of ongoing energy 
costs.

It is worthwhile investing in an 
appropriate ceiling-mounted 
cooling and heating system, 
especially if the property is to 
be rented out at a later time. 
After all, low ancillary costs 
inherently make every building 
more attractive.

spec. cooling load W/m2

C
o

st
s 

€/
(m

² 
x 

a)

Development of investment costs for 
various systems, depending on the 
specific cooling load.

 Air system
  Cooling ceiling and air system 

(for minimum air exchange)

spec. cooling load W/m2

C
o

st
s 

€/
m

2

Investment costs for various systems, 
depending on the specifi c cooling load.

 Air system
  Cooling ceiling and air system 

(for minimum air exchange)

Energy costs
The energy costs of a building pri-
marily depend on the type of energy 
system used, how the energy is 
produced and the heat that is given 
off or absorbed. All this, in turn, 
influences any additional costs, e.g. 
for maintenance and servicing or for 
the operation of fans. With Zehnder 
Carboline, these costs disappear 
completely. Further cost benefits are 

generated through lower tempera-
tures being sufficient during heat-
ing and higher temperatures during 
cooling, in order to perceive the room 
temperature as comfortable. In the 
case of air systems, the initial costs 
for a low temperature level are very 
high, while a higher level can also be 
achieved through cheaper means, 
e.g. through free ventilation or using 
alternative sources of energy.

2008_12_10_Carboline_Planungsbroschuere_D_GB_CH_neu.indd   13 24.02.2009   10:03:53 Uhr



14

We spend almost three-quarters 
of our life indoors: At home, at 
work, during leisure time. The 
indoor climate (temperature and 
air quality) has a great influence 
on our general well-being and 
on our physical and mental per-
formance.

Comfort is above all created by 
the type of heat transmission: 
For example, the radiant heat of a 
tiled stove is perceived as being 
pleasant and natural, because it 
warms the body directly. Modern 
ceiling-mounted heating and 
cooling systems combine this 
principle with high energy effici-
ency.

Radiant panels arranged evenly 
across the ceiling create a com-
fortable indoor climate and help 
to save energy. The heat is dis-
tributed over the entire area of 
the room. Unlike conventional air 
heating systems, radiant panels 
are also totally clean. This is 
because they emit or absorb heat 
without producing draughts and, 
therefore, do not circulate any 
dust. An enormous benefit for 
allergy sufferers and everyone who 
works or lives in dusty rooms. 

Comfort criteria

More well-being, lower costs:

�  Natural principle of radiant 
heat

�  Even heat distribution 
throughout the room

�  Heating and cooling effect 
is immediately noticeable

�  Silent operation

�  No circulation of dust – 
benefit for allergy sufferers
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Combination with 
other systems

Performance 
depends on the 
indoor temperature
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 %

Temperature in °C

A room that gets too warm 
not only impacts on personal 
comfort, but also significantly 
reduces the speed at which 
people work and their mental 
capacity.

Mechanical ventilation may be 
needed in larger buildings to 
ensure the required minimum air 
exchange. Polluted air can be 
removed from the building via the 
outgoing air, while the incoming air 
can be prepared by an AC system, 
e.g. in terms of air humidity, in 
order to support an optimal indoor 
climate.

With Zehnder Carboline, this is 
easy and straightforward to do. 
The incoming air outlets can be 
integrated into the radiant panel – 
as tailor-made ventilation holes.

Important: When combining me-
chanical ventilation with Zehnder 
Carboline, it should be ensured 
that the actual number of air ex-
changes is not exceeded. Removal 
of the cooling load or coverage 
of the heating requirement should 
continue to be done by the radiant 
panel. This is the only way to 
ensure the benefi ts of the system 
are optimally used and the dis-
advantages of air systems are 
eliminated.

 Satisfaction;  Work speed;  Mental work

Zehnder Carboline with 
integrated air outlet
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Zehnder Carboline comprises of 
a copper pipe which is embed-
ded in a graphite layer. This 
thermal high-performance element 
is placed inside a sheet steel 
cassette. The materials and their 
arrangement guarantee ideal 
heat transmission and high per-
formance values. The radiant 
panel has an angled profile on 
the side and top. This increases 
the strength to create a self-
bearing panel. The angled profi les 
are also intended for the mount-
ing of fitting clips on the top of 
the panel. In addition, it is possi-
ble to use insulation, which 
keeps the heat in and absorbs 
noise (particularly effective in 
combination with a perforated 
radiant panel).

Zehnder Carboline ceiling-
mounted heating and cooling 
systems have been specially 
developed for cooling and 
heating buildings. 

Zehnder Carboline covers the 
entire range of grid ceilings for 
offices and meeting rooms, 
as well as schools, hospitals 
and doctors’ surgeries.

The elements come in two 
standard widths and in five 
standard lengths.

Structure of the 
element

Versions

Radiant panel

Copper pipe

Graphite

Insulation
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Zehnder Carboline is specially 
tailored for use in new or exist-
ing grid ceilings. The available 
grid sizes are 600 and 625 mm 
(625 mm not available in the UK). 
The length of the various panel 
elements is based on the grid 
size and can be up to five times 
the basic dimension.

The longer panels, made up in 
multiples of either 600 or 625 mm, 
reduce the cost of installation 
by up to 80 % compared to 
standard systems available on 
the market, whose width is the 
same as their length. The special 
side construction makes it pos-
sible to insert the panels easily 
into the ceiling grid.

Zehnder Carboline has the option 
of either a smooth or perforated 
surface. The surface is coated 
with a high-quality powder 
baked enamel finish. Zehnder 
radiant ceiling panels are avail-
able in many brilliant colours 
and surfaces, gloss or matt.

Grid ceiling

Surfaces
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Zehnder Carboline is installed as 
standard into a ceiling grid. It is also 
possible to attach the panels directly 
to the ceiling.

A standard installation set is available 
for installing the cooling and heating 
elements to the ceiling. This installa-
tion set allows the panel to be fixed 
directly to the concrete ceiling. 
Zehnder offers further tailor-made 
solutions on request.

Fixing hooks are supplied to fix the 
panel to the ceiling. These simply clip 
into the lip on the side of the panel. 
The individual clips can be moved 
along the panel and can, therefore, 
be flexibly adjusted to the conditions 
in the building.

Suspension and 
attachment

Installation sets

Fixing clips
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Special connection hoses are 
used to connect several indivi-
dual elements to each other; 
they can be pushed directly onto 
the pipes with no need for an 
additional tool.

Connection 
technology

Acoustic 
absorption As well as their cooling and heat-

ing effect, the radiant ceiling pan-
els can also be used for acoustic 
absorption: The sound waves pass 
through the perforated surface of 
the radiant panel into the insulation 
within, where they are absorbed. 

This results in a significant reduc-
tion of the noise level or a reduc-
tion in the reverberation time (e.g. 
in open-plan offices, call centres 
and schools). Please contact us for 
detailed information on calculating 
the acoustics.
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Ceiling cut-outs can be integrat-
ed into the panel elements of 
Zehnder Carboline as required. 
Especially in offices or meeting 
rooms, it may be necessary to 
provide ceiling cut-outs, e.g. for 
air outlets, projector brackets, 
loudspeakers, fire alarms and 
lighting. Zehnder manufacturers 
the ceiling cut-outs precisely 
to the customer’s specifications.

Special solutions
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Logistics

Delivery and unloading
Zehnder arranges the desired 
delivery date with the customer 
with ample time, so the customer 
can ensure that personnel and 
suitable unloading equipment 
are available. A forklift truck 
is the best means of unloading.

Protection during transport
An adhesive film protects each 
individual element on the visible 
side. Protected by this film, all 
modules are placed vertically 
next to each other on a wooden 
pallet.
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Zehnder Carboline 
product benefits

Zehnder Carboline is based on 
the combination of design, opti-
mal climate, perfect technology 
and economic efficiency. Here 
are the main benefi ts at a glance:

Excellent technology and 
performance

�  Very high heating and cool-
ing output, tested to DIN EN 
14037 and DIN EN 14240

�  Extremely quick reac-
tion time of the system to 
temperature changes in the 
room, due to the low stor-
age mass and good thermal 
conductivity of the modules

�  Low heating flow tem-
peratures enable the use of 
alternative energy sources 
(solar cells, calorific value 
technology, heat pump)

�  The low subnormal tem-
perature enables the use of 
alternative energy sources 
(ground water)

�  Simple, quick and affordable 
installation

Economic efficiency

�  Cooling and heating 
with a single system: 
Zehnder Carboline.

�  High energy savings, 
thanks to the radiation 
principle

�  Low investment and 
operating costs

�  Long service life

Feel-good climate

�  Pleasant indoor climate, 
thanks to high radiation 
component and low 
convection: no draughts or 
dust dispersal

�  Even, comfortable heat 
distribution

�  Silent operation

�  Perforated design for 
acoustic absorption

Design

�  Elegant design

�  Variable room use

�  Floor and walls can be 
used flexibly
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Technische Daten 25

Technical data 
on the construction

Legend

tL      Air temperature (°C)

tU      
Ambient temperature (°C)
= average surface temperature of all surrounding surfaces (°C)

ti = tE  Indoor temperature (°C) = perceived temperature (°C)

tHVL Heating fl ow temperature (°C)

tHRL    Heating return temperature (°C)

tKVL    Cooling fl ow temperature (°C)

tKRL    Cooling return temperature (°C)

ΔtÜber Excessive temperature (K)

ΔtUnter Subnormal temperature (K)

Physical units

Degrees Celsius (°C)

Kelvin (K)

Cubic metres (m3)

Metre (m)

Millimetre (mm)

Pascal (Pa)

Kilogramme (kg)

Hour (h)
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tHVL °C 90 85 80 75 70 65 60 55 50 45 40 35 30 tHVL °C

tHRL °C ti °C ti °C tHRL °C

85

16 71,5 – – – – – – – – – – – – 16

85
18 69,5 – – – – – – – – – – – – 18

20 67,5 – – – – – – – – – – – – 20

22 65,5 – – – – – – – – – – – – 22

80

16 69,0 66,5 – – – – – – – – – – – 16

80
18 67,0 64,5 – – – – – – – – – – – 18

20 65,0 62,5 – – – – – – – – – – – 20

22 63,0 60,5 – – – – – – – – – – – 22

75

16 66,5 64,0 61,5 – – – – – – – – – – 16

75
18 64,5 62,0 59,5 – – – – – – – – – – 18

20 62,5 60,0 57,5 – – – – – – – – – – 20

22 60,5 58,0 55,5 – – – – – – – – – – 22

70

16 64,0 61,5 59,0 56,5 – – – – – – – – – 16

70
18 62,0 59,5 57,0 54,5 – – – – – – – – – 18

20 60,0 57,5 55,0 52,5 – – – – – – – – – 20

22 58,0 55,5 53,0 50,5 – – – – – – – – – 22

65

16 61,5 59,0 56,5 54,0 51,5 – – – – – – – – 16

65
18 59,5 57,0 54,5 52,0 49,5 – – – – – – – – 18

20 57,5 55,0 52,5 50,0 47,5 – – – – – – – – 20

22 55,5 53,0 50,5 48,0 45,5 – – – – – – – – 22

60

16 59,0 56,5 54,0 51,5 49,0 46,5 – – – – – – – 16

60
18 57,0 54,5 52,0 49,5 47,0 44,5 – – – – – – – 18

20 55,0 52,5 50,0 47,5 45,0 42,5 – – – – – – – 20

22 53,0 50,5 48,0 45,5 43,0 40,5 – – – – – – – 22

55

16 56,5 54,0 51,5 49,0 46,5 44,0 41,5 – – – – – – 16

55
18 54,5 52,0 49,5 47,0 44,5 42,0 39,5 – – – – – – 18

20 52,5 50,0 47,5 45,0 42,5 40,0 37,5 – – – – – – 20

22 50,5 48,0 45,5 43,0 40,5 38,0 35,5 – – – – – – 22

50

16 54,0 51,5 49,0 46,5 44,0 41,5 39,0 36,5 – – – – – 16

50
18 52,0 49,5 47,0 44,5 42,0 39,5 37,0 34,5 – – – – – 18

20 50,0 47,5 45,0 42,5 40,0 37,5 35,0 32,5 – – – – – 20

22 48,0 45,5 43,0 40,5 38,0 35,5 33,0 30,5 – – – – – 22

45

16 51,5 49,0 46,5 44,0 41,5 39,0 36,5 34,0 31,5 – – – – 16

45
18 49,5 47,0 44,5 42,0 39,5 37,0 34,5 32,0 29,5 – – – – 18

20 47,5 45,0 42,5 40,0 37,5 35,0 32,5 30,0 27,5 – – – – 20

22 45,5 43,0 40,5 38,0 35,5 33,0 30,5 28,0 25,5 – – – – 22

40

16 49,0 46,5 44,0 41,5 39,0 36,5 34,0 31,5 29,0 26,5 – – – 16

40
18 47,0 44,5 42,0 39,5 37,0 34,5 32,0 29,5 27,0 24,5 – – – 18

20 45,0 42,5 40,0 37,5 35,0 32,5 30,0 27,5 25,0 22,5 – – – 20

22 43,0 40,5 38,0 35,5 33,0 30,5 28,0 25,5 23,0 20,5 – – – 22

35

16 46,5 44,0 41,5 39,0 36,5 34,0 31,5 29,0 26,5 24,0 21,5 – – 16

35
18 44,5 42,0 39,5 37,0 34,5 32,0 29,5 27,0 24,5 22,0 19,5 – – 18

20 42,5 40,0 37,5 35,0 32,5 30,0 27,5 25,0 22,5 20,0 17,5 – – 20

22 40,5 38,0 35,5 33,0 30,5 28,0 25,5 23,0 20,5 18,0 15,5 – – 22

30

16 44,0 41,5 39,0 36,5 34,0 31,5 29,0 26,5 24,0 21,5 19,0 16,5 – 16

30
18 42,0 39,5 37,0 34,5 32,0 29,5 27,0 24,5 22,0 19,5 17,0 14,5 – 18

20 40,0 37,5 35,0 32,5 30,0 27,5 25,0 22,5 20,0 17,5 15,0 12,5 – 20

22 38,0 35,5 33,0 30,5 28,0 25,5 23,0 20,5 18,0 15,5 13,0 10,5 – 22

25

16 41,5 39,0 36,5 34,0 31,5 29,0 26,5 24,0 21,5 19,0 16,5 14,0 11,5 16

25
18 39,5 37,0 34,5 32,0 29,5 27,0 24,5 22,0 19,5 17,0 14,5 12,0 9,5 18

20 37,5 35,0 32,5 30,0 27,5 25,0 22,5 20,0 17,5 15,0 12,5 10,0 7,5 20

22 35,5 33,0 30,5 28,0 25,5 23,0 20,5 18,0 15,5 13,0 10,5 8,0 5,5 22

tHRL °C ti °C ti °C tHRL °C

tHVL °C 90 85 80 75 70 65 60 55 50 45 40 35 30 tHVL °C

ti =tE = 
(tu + tL)

2

ΔtÜber =  
(tHVL + tHRL)  - ti2

26

Excessive 
temperature

The excessive tem-
perature can be 
arithmetically calcu-
lated or taken from 
the following table.

2008_12_10_Carboline_Planungsbroschuere_D_GB_CH_neu.indd   26 24.02.2009   10:04:01 Uhr



tKVL °C 14 15 16 17 18 19 20 21 22 23 24 tKVL °C

tKRL °C ti °C ti °C tKRL °C

15

22 7,5 – – – – – – – – – – 22

15
23 8,5 – – – – – – – – – – 23
24 9,5 – – – – – – – – – – 24
25 10,5 – – – – – – – – – – 25
26 11,5 – – – – – – – – – – 26

16

22 7,0 6,5 – – – – – – – – – 22

16
23 8,0 7,5 – – – – – – – – – 23
24 9,0 8,5 – – – – – – – – – 24
25 10,0 9,5 – – – – – – – – – 25
26 11,0 10,5 – – – – – – – – – 26

17

22 6,5 6,0 5,5 – – – – – – – – 22

17
23 7,5 7,0 6,5 – – – – – – – – 23
24 8,5 8,0 7,5 – – – – – – – – 24
25 9,5 9,0 8,5 – – – – – – – – 25
26 10,5 10,0 9,5 – – – – – – – – 26

18

22 6,0 5,5 5,0 4,5 – – – – – – – 22

18
23 7,0 6,5 6,0 5,5 – – – – – – – 23
24 8,0 7,5 7,0 6,5 – – – – – – – 24
25 9,0 8,5 8,0 7,5 – – – – – – – 25
26 10,0 9,5 9,0 8,5 – – – – – – – 26

19

22 5,5 5,0 4,5 4,0 3,5 – – – – – – 22

19
23 6,5 6,0 5,5 5,0 4,5 – – – – – – 23
24 7,5 7,0 6,5 6,0 5,5 – – – – – – 24
25 8,5 8,0 7,5 7,0 6,5 – – – – – – 25
26 9,5 9,0 8,5 8,0 7,5 – – – – – – 26

20

22 5,0 4,5 4,0 3,5 3,0 2,5 – – – – – 22

20
23 6,0 5,5 5,0 4,5 4,0 3,5 – – – – – 23
24 7,0 6,5 6,0 5,5 5,0 4,5 – – – – – 24
25 8,0 7,5 7,0 6,5 6,0 5,5 – – – – – 25
26 9,0 8,5 8,0 7,5 7,0 6,5 – – – – – 26

21

22 4,5 4,0 3,5 3,0 2,5 2,0 1,5 – – – – 22

21
23 5,5 5,0 4,5 4,0 3,5 3,0 2,5 – – – – 23
24 6,5 6,0 5,5 5,0 4,5 4,0 3,5 – – – – 24
25 7,5 7,0 6,5 6,0 5,5 5,0 4,5 – – – – 25
26 8,5 8,0 7,5 7,0 6,5 6,0 5,5 – – – – 26

22

22 – – – – – – – – – – – 22

22
23 5,0 4,5 4,0 3,5 3,0 2,5 2,0 1,5 – – – 23
24 6,0 5,5 5,0 4,5 4,0 3,5 3,0 2,5 – – – 24
25 7,0 6,5 6,0 5,5 5,0 4,5 4,0 3,5 – – – 25
26 8,0 7,5 7,0 6,5 6,0 5,5 5,0 4,5 – – – 26

23

22 – – – – – – – – – – – 22

23
23 – – – – – – – – – – – 23
24 5,5 5,0 4,5 4,0 3,5 3,0 2,5 2,0 1,5 – – 24
25 6,5 6,0 5,5 5,0 4,5 4,0 3,5 3,0 2,5 – – 25
26 7,5 7,0 6,5 6,0 5,5 5,0 4,5 4,0 3,5 – – 26

24

22 – – – – – – – – – – – 22

24
23 – – – – – – – – – – – 23
24 – – – – – – – – – – – 24
25 6,0 5,5 5,0 4,5 4,0 3,5 3,0 2,5 2,0 1,5 – 25
26 7,0 6,5 6,0 5,5 5,0 4,5 4,0 3,5 3,0 2,5 – 26

25

22 – – – – – – – – – – – 22

25
23 – – – – – – – – – – – 23
24 – – – – – – – – – – – 24
25 – – – – – – – – – – – 25
26 6,5 6,0 5,5 5,0 4,5 4,0 3,5 3,0 2,5 2,0 1,5 26

tKRL °C ti °C ti °C tKRL °C

tKVL °C 14 15 16 17 18 19 20 21 22 23 24 tKVL °C

ti =tE = 
(tu + tL)

2

ΔtUnter = ti - 
(tKVL + tKRL)

2

Technical data 27

Like the excessive temperature, 
the subnormal temperature 
can also be arithmetically 
calculated or taken from the 
following table.

Subnormal 
temperature
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28

The following tables show the 
Zehnder Carboline heating and 
cooling output depending on 
the excessive and subnormal 
temperatures. The values of the 
heating output are based on 
DIN EN 14037, those of the 
cooling output on DIN EN 14240.

Note: The removal of the insula-
tion has a positive effect on 
the cooling output (see table). 
However, this additional output 
can only be added to the room 
with an open ceiling.

Removing the insulation increas-
es the convection output, but 
only leads to a build-up of heat 
under the ceiling.

Output = K · Δtn

Heating and 
cooling output
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Technical data 29

Heat output

Sail with insulation Sail without insulation

Zehnder Carboline Zehnder Carboline
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00
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K 1,928 3,856 5,783 7,711 9,639 K 3,129 6,258 9,387 12,516 15,645

n 1,174 n 1,174

Δ t (K) W W W W W Δ t (K) W W W W W

84 350 700 1050 1400 1750 84 568 1136 1705 2273 2841

82 340 681 1021 1361 1702 82 552 1105 1657 2209 2762

80 331 661 992 1322 1653 80 537 1073 1610 2146 2683

78 321 642 963 1284 1605 78 521 1042 1563 2083 2604

76 311 623 934 1245 1556 76 505 1010 1516 2021 2526

74 302 603 905 1207 1508 74 490 979 1469 1959 2448

72 292 584 876 1169 1461 72 474 948 1422 1897 2371

70 283 565 848 1130 1413 70 459 917 1376 1835 2294

68 273 546 819 1093 1366 68 443 887 1330 1773 2217

66 264 528 791 1055 1319 66 428 856 1284 1712 2141

64 254 509 763 1018 1272 64 413 826 1239 1652 2065

62 245 490 735 980 1225 62 398 796 1193 1591 1989

60 236 472 708 943 1179 60 383 766 1148 1531 1914

58 227 453 680 907 1133 58 368 736 1104 1471 1839

56 217 435 652 870 1087 56 353 706 1059 1412 1765

55 213 426 639 852 1065 55 346 691 1037 1382 1728

54 208 417 625 834 1042 54 338 676 1015 1353 1691

52 199 399 598 797 997 52 324 647 971 1294 1618

50 190 381 571 762 952 50 309 618 927 1236 1545

48 181 363 544 726 907 48 295 589 884 1178 1473

46 173 345 518 691 863 46 280 560 841 1121 1401

44 164 328 492 655 819 44 266 532 798 1064 1330

42 155 310 465 621 776 42 252 504 755 1007 1259

40 147 293 440 586 733 40 238 476 713 951 1189

38 138 276 414 552 690 38 224 448 672 896 1120

36 129 259 388 518 647 36 210 420 630 841 1051

34 121 242 363 484 605 34 196 393 589 786 982

32 113 225 338 451 564 32 183 366 549 732 915

30 105 209 314 418 523 30 170 339 509 679 848

28 96 193 289 386 482 28 156 313 469 626 782

26 88 177 265 353 442 26 143 287 430 574 717

24 80 161 241 322 402 24 131 261 392 522 653

22 73 145 218 290 363 22 118 236 354 471 589

20 65 130 195 260 325 20 105 211 316 422 527

18 57 115 172 230 287 18 93 186 279 373 466

16 50 100 150 200 250 16 81 162 243 324 406

14 43 85 128 171 214 14 69 139 208 277 347

12 36 71 107 143 178 12 58 116 174 231 289

10 29 58 86 115 144 10 47 93 140 187 234

8 22 44 66 89 111 8 36 72 108 144 180

6 16 32 47 63 79 6 26 51 77 103 128

4 10 20 29 39 49 4 16 32 48 64 80

2 4 9 13 17 22 2 7 14 21 28 35
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30

Heat output

closed ceiling with insulation closed ceiling without insulation

Zehnder Carboline Zehnder Carboline
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K 1,800 3,601 5,401 7,201 9,002 K 2,051 4,101 6,152 8,202 10,253

n 1,108 n 1,061

Δ t (K) W W W W W Δ t (K) W W W W W

84 244 488 732 976 1220 84 226 451 677 903 1129

82 238 475 713 950 1188 82 220 440 660 880 1100

80 231 462 694 925 1156 80 214 429 643 857 1072

78 225 450 674 899 1124 78 209 417 626 835 1043

76 218 437 655 874 1092 76 203 406 609 812 1015

74 212 424 636 848 1060 74 197 395 592 789 987

72 206 411 617 823 1029 72 192 383 575 767 958

70 199 399 598 798 997 70 186 372 558 744 930

68 193 386 579 772 965 68 180 361 541 721 902

66 187 374 560 747 934 66 175 349 524 699 874

64 181 361 542 722 903 64 169 338 507 677 846

62 174 349 523 697 872 62 164 327 491 654 818

60 168 336 504 672 840 60 158 316 474 632 790

58 162 324 486 648 809 58 152 305 457 609 762

56 156 311 467 623 779 56 147 294 440 587 734

55 153 305 458 611 763 55 144 288 432 576 720

54 150 299 449 598 748 54 141 282 424 565 706

52 143 287 430 574 717 52 136 271 407 543 678

50 137 275 412 549 687 50 130 260 390 521 651

48 131 263 394 525 656 48 125 249 374 499 623

46 125 250 376 501 626 46 119 238 357 477 596

44 119 238 358 477 596 44 114 227 341 455 568

42 113 226 340 453 566 42 108 216 325 433 541

40 107 215 322 429 536 40 103 205 308 411 514

38 101 203 304 405 507 38 97 195 292 389 486

36 95 191 286 382 477 36 92 184 276 367 459

34 90 179 269 358 448 34 86 173 259 346 432

32 84 168 251 335 419 32 81 162 243 324 405

30 78 156 234 312 390 30 76 151 227 303 379

28 72 144 217 289 361 28 70 141 211 281 352

26 67 133 200 266 333 26 65 130 195 260 325

24 61 122 183 244 305 24 60 119 179 239 299

22 55 111 166 221 277 22 54 109 163 218 272

20 50 100 149 199 249 20 49 98 148 197 246

18 44 89 133 177 221 18 44 88 132 176 220

16 39 78 117 155 194 16 39 78 117 155 194

14 34 67 101 134 168 14 34 67 101 135 169

12 28 57 85 113 141 12 29 57 86 115 143

10 23 46 69 92 115 10 24 47 71 94 118

8 18 36 54 72 90 8 19 37 56 74 93

6 13 26 39 52 66 6 14 27 41 55 69

4 8 17 25 33 42 4 9 18 27 36 45

2 4 8 12 16 19 2 4 9 13 17 21
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Technical data 31

Cooling output

Sail with insulation Sail without insulation

Zehnder Carboline Zehnder Carboline
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K 3,183 6,367 9,550 12,734 15,917 K 3,955 7,910 11,865 15,820 19,775

n 1,070 n 1,070

Δ t (K) W W W W W Δ t (K) W W W W W

15 58 115 173 231 289 15 72 143 215 287 359

14 54 107 161 214 268 14 67 133 200 266 333

13 50 99 149 198 248 13 62 123 185 246 308

12 45 91 136 182 227 12 56 113 169 226 282

11 41 83 124 166 207 11 51 103 154 206 257

10 37 75 112 150 187 10 46 93 139 186 232

9 33 67 100 134 167 9 42 83 125 166 208

8 29 59 88 118 147 8 37 73 110 146 183

7 26 51 77 102 128 7 32 63 95 127 159

6 22 43 65 87 108 6 27 54 81 108 135

5 18 36 53 71 89 5 22 44 66 89 111

4 14 28 42 56 70 4 17 35 52 70 87

3 10 21 31 41 52 3 13 26 38 51 64

2 7 13 20 27 33 2 8 17 25 33 42

1 3 6 10 13 16 1 4 8 12 16 20

Cooling output

closed ceiling with insulation closed ceiling without insulation

Zehnder Carboline Zehnder Carboline
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K 2,821 5,642 8,463 11,284 14,105 K 2,821 5,642 8,463 11,284 14,105
n 1,083 n 1,083

Δ t (K) W W W W W Δ t (K) W W W W W

15 53 106 159 212 265 15 53 106 159 212 265

14 49 98 147 197 246 14 49 98 147 197 246

13 45 91 136 181 227 13 45 91 136 181 227

12 42 83 125 166 208 12 42 83 125 166 208

11 38 76 114 151 189 11 38 76 114 151 189

10 34 68 102 137 171 10 34 68 102 137 171

9 30 61 91 122 152 9 30 61 91 122 152

8 27 54 80 107 134 8 27 54 80 107 134

7 23 46 70 93 116 7 23 46 70 93 116

6 20 39 59 79 98 6 20 39 59 79 98

5 16 32 48 64 81 5 16 32 48 64 81

4 13 25 38 51 63 4 13 25 38 51 63

3 9 19 28 37 46 3 9 19 28 37 46

2 6 12 18 24 30 2 6 12 18 24 30

1 3 6 8 11 14 1 3 6 8 11 14
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Technical data 
at a glance
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Technical data 33

1)  Higher operating temperature possible upon application
2) Higher operating pressure possible upon application
3) Panel performance

Zehnder Carboline Unit
D

im
en

si
o

n
s

Type - 600 625

Widths - 600 1200 1800 2400 3000 625 1250 1875 2500 3125

Lengths mm 595 620

Real lengths mm 590 1190 1790 2390 2990 615 1240 1865 2490 3115

Number of suspension 
points per module pcs 4 4 4 4 6 4 4 4 4 6

Number of pipe rows pcs 6

Pipe separation mm 100

Pipe material/
Dimension (ext. diam.) -/mm Copper pipe / 10 

Panel material - Steel

P
a

ra
m

et
er

s Max. operating 
temperature1) °C 85

Max. Operating 
pressure2) bar 10

W
ei

g
h

ts

Empty weight without 
water, with insulation

kg 4,77 8,57 12,68 16,47 20,58 5,06 9,1 13,45 17,49 21,72

Operating weight with 
water, with insulation

kg 4,98 9,01 13,35 17,37 21,71 5,29 9,57 14,16 18,44 22,91

Weight of insulation kg 0,21 0,42 0,64 0,85 1,07 0,22 0,44 0,67 0,89 1,11

Weight of water 
content 

kg 0,21 0,44 0,67 0,9 1,13 0,23 0,047 0,71 0,95 1,19

H
ea

t 
o

u
tp

u
t3)

Heat output to DIN 
EN 14037 at Δt = 55 K

W 213 426 639 852 1065 213 426 639 852 1065

Constant of 
thermal output

referring 
to 

running 
metre

3,213

Exponent of 
thermal output

1,174

C
o

o
lin

g
 o

u
tp

u
t3)

Cooling output accor-
ding to DIN EN 14240 
at Δt = 10 K

W 37 73 110 146 183 37 73 110 146 183

With upper insulation
referring 

to m2

10,986

Constant of 
cooling output 

1,07
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Lower deviation of the dew point temperature

D
ew

 p
o

in
t 

te
m

p
er

at
ur

e 
o

f 
o

ut
si

d
e 

ai
r 

in
 °

C

Central European cities

Minimal 
mass flow To maintain the output shown in the 

table, a turbulent flow must be en-
sured within the pipes in the panels. 
This minimum mass flow depends 
on the lowest system temperature. 
When heating, this corresponds to 
the return temperature. When cool-

ing or in a combined cooling/heat-
ing mode, this corresponds to the 
cold water flow temperature. If the 
minimum mass flow per pipe is not 
achieved, this can result in a drop 
in performance of about 15 %.

Limit temperatures
Cooling. The flow temperature of 
cooling ceilings should be chosen so 
that it only falls below the dew point 
and hence causes condensation on 
the ceiling in exceptional situations 
(for a few hours a year). For this, a 
dew point monitor must be installed 
on each cooling ceiling. This prevents 
condensation by using control tech-
nology to raise the flow temperature 
or interrupt the supply of cold air. 

A minimum flow temperature of 
approx. 16 °C is recommended for 
Central Europe.

Heating. For normal room heights 
(up to approx. 3 m) and with a high 
level of ceiling coverage (approx. 
80 %), the flow temperature should 
not exceed 35 °C. This will avoid an 
unpleasant indoor climate.

Lowest system temperature in °C

M
in

im
um

 m
as

s 
fl o

w
 in

 t
he

 p
ip

e 
in

 k
g

/h
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Dimensions
Module sizes

Attachment sizes
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Pos. Description Size in mm Comments

  Modul 600

A Total width 595

B Total length 590 - 2990 Grid length 600 mm

C Total height 40

D Height of lip  14

E Width of lip 10

  Modul 625

A Total width 620

B Total length 615 - 3115 Grid length 625 mm

C Total height 40

D Height of lip 14

E Width of lip 10

Pos. Description Size in mm Comments

  Modul 600

a Distance suspen. point – suspen. point 552

  Modul 625

a Distance suspen. point – suspen. point 577

  Module length 590-2490

b Distance end of panel – 1st suspen. point 0,25*Panel length

c Distance suspen. point – suspen. point 0,5*Panel length

d Distance bottom panel – top suspen. point 56

  Module length 2990-3115

b Distance suspen. point – suspen. point 0,166*Panel length

c Distance end of panel – 1st suspen. point 0,333*Panel length 

d Distance suspen. point – suspen. point 56
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For Zehnder Carboline, both 
connection pipes are located 
on the same side. This enables 
easy installation and quick 
connection of the panels.

Connection options
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Zehnder Carboline 
tender text

2008_12_10_Carboline_Planungsbroschuere_D_GB_CH_neu.indd   40 24.02.2009   10:04:08 Uhr



Technical data 41

Zehnder Carboline  

Ceiling-mounted cooling and heat-
ing elements for grid and suspended 
ceilings, for the cooling and heating 
of buildings. The cooling and heating 
element comprises a sheet steel 
cassette and a graphite element con-
taining a copper pipe. 

The copper pipes (ø10 mm, pipe 
centres 100 mm) are fitted flush in 
a compressed graphite panel. 
This allows very quick and even 
thermal conductivity to be achieved 
across the entire area of the element. 
This high-performance element is 
firmly bonded to a galvanised sheet 
steel cassette.  The deburred pipe 
ends are screwed to the cassette 
using location brackets in order to 
provide reinforcement and pressure 
relief. The visible side is coated 
with high-grade polyester fine-struc-
ture paint. The sheet steel cassette 
is available smooth or perforated 
(acoustically insulating). Fixing clips 
are applied at various points across 
the sheet steel cassette.

The maximum operating temperature 
is 85 °C, the maximum operating 
pressure is 10bar. The output of the 
cooling and heating element is tested 
to DIN EN 14037 and DIN EN 14240 
respectively.

�  With powder coating in 
RAL 9016 white

�  With powder coating in RAL 
colour as required

�  Top-side insulation for thermal 
and acoustic insulation (optional)

Make: Zehnder
Type: Zehnder Carboline

Width: 600 mm
Lengths: 600 mm, 1200 mm,
1800 mm, 2400 mm, 3000 mm

Make: Zehnder
Type: Zehnder Carboline

Width: 625 mm
Lengths: 625 mm, 1250 mm,
1875 mm, 2500 mm, 3125 mm
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Heating – Cooling – 
Fresh and clean air.

Zehnder also offers you the best 
climate-control technology for 
your building project. Do you 
need to heat a building? Zehnder 
radiators are effective, econo-
mical and visually appealing for 
bathrooms, living rooms and 
buildings.

The natural heat radiation is the 
basis of radiant heating and cool-
ing systems, which are especially 
suited for offices, sports, event 
and production halls, where they 
ensure cosy warmth or refresh-
ing coolness. And all with high 
efficiency and no maintenance 
costs.

Proper, healthy heating and cool-
ing go hand in hand with clean 
and fresh air. Climate-controlled 
fresh air systems from Zehnder 
ensure that warmth does not affect 
the quality of the air. As fresh air 
is being added, stale air with its 
odours and humidity is being re-
moved. At the same time, energy 
is retrieved.

Zehnder Clean Air Solutions pro-
vide cleaner air in buildings with 
especially high dust levels, such 
as production facilities. Specially 
patented fi lters collect fi ne par-
ticles using static electricity, 
protecting people and materials.

Whether for warmth, cooling, 
or clean and healthy air, 
Zehnder systems create a 
perfect climate.

Clean air solutions 
for clean air

Radiators for 
bathrooms and 
living rooms 

Radiant heating 
and cooling 
systems 

Comfort systems 
for fresh room air.

Further information is available at: 
www.zehnder.eu
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www.zehnder.eu

Zehnder ZIP Deckenstrahlplatten

Zehnder ZIP

Zehnder ZBN Decken-Heiz- und Kühlsystem 
Planungsunterlage

Zehnder COS Kühlschacht

Zehnder COS

Zehnder COMO Decken-Kühl- und -Heizsystem
Planungsunterlage

Zehnder COMO

Zehnder Systeme für  
Strahlungsheizung und -kühlung

Systems for Radiant 
Heating and Cooling

Summary brochure

Zehnder ZBN 
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