2. Power Increase by Convection

Power takes into account the natural and
forced convection phenomenon.

Forced convection with air recycling, is more
efficient with an ideally designed air diffus-
er. This allows benefitting from the Coanda
effect, a physical phenomenon that can be
described as follows:

A fluid flow (like an air current) circulating
near a surface has a tendency to follow this
surface.

Exploiting this phenomenon with a rasing air
flow allows to improve the ceiling efficacy
and thus to achieve the desired power while
reducing energy consumption.

3. Adjustment

The water temperature gives the maximum
system heating and cooling power.

Each zone is independently monitored
through a thermostat that controls the
valve pertaining to the zone circuit (open or
closed position). Valve alternate opening and
closing combined with ceiling inertia allow
getting a steady temperature.

With an eye on better use of slab inertia, an
adjustment can be scheduled (eventually
through a CTM) with power requests set
some hours before the occupancy period
(as in the case of an office for example). The
thermostat turns the relay on for keeping
the temperature steady during the day if
necessary.

In general, slab inertia is sufficient for
activation to occur during the night.

Cooling performances (Summer)

Cooling power (W/m2) : tube spacing = 15 cm.
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Cooling power (W/m2) : tube spacing = 20 cm.
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water temperature (°C)

579

521

463

405

347

289

232

57.9

521

46.3

405

347

289

Usual conditions

n3

64.8

58.3

518

454

389

69.5

63.7

57.9

52.1

463

405

347

778

842

8]
)
-

518

454

753

518

Room temperature (°C)

810

1124

1049

974

90.0

825

750

675

07

84.2

778

73

648

583

810

753

69.5

637

579

521

1199

124

1049

974

900

825

750

972

07

84.2

778

n3

648

8.8

810

753

695

637

579

Rasing air ow follows the ceilin su ce
and takes his temperature.
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Thermoactive prefabricated concrete slab

Heating and cooling performances

The two diagram charts give fast and accurate information to select a precast radiant slab. The actual capacity of the
slab depends of the room configuration, outside radiation, inside heating load, ventilation, etc.
KaRo Solar has developed a software which calculates the heating and cooling capacity considering all the parameters.
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3.1 Heating performance on 24 hours cycle (winter in Paris inside temperature set at 20°C)

The first diagram shows temperature (external and internal) vs. time, as well as different slab
activation periods. Heating begins a bit earlier on Monday after a long weekend stop at 9 AM
heating stop for all the day as room temperature remain constant between 19°C and 20°C

using energy stored inside the slab.

Precast radiant slab situation: office Nord Paris water temperature in = 35°C
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3.2 Efficiency on 7 days cycle (summer in Paris inside set point 26°C)

The drawing shows temperature (external and internal) vs. time, as well as different slab
activation periods. Activation begins a bit earlier on Monday to make up for longer weekend

system stop.

Precast radiant slab situation: office Nord Paris water temperature in = 16 °C
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Heating capacity needed: 7h Monday; 6h tuesday & Thursday; 3h Wednesday; 5h Friday

These simulations as been done by Tribu Engineering.
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Thermoactive prefabricated concrete slab

4. Auto Adjustment. B 18°

Natural system reactivity is also a warrant
of comfort. The cold ceiling principle allows
adjusting to heat variations generated
within the place.

25°C 25°C

In other words, if 10 people enter a room at L“
the same time, the thermoactive slab heat
absorption will automatically increase and 18°C
it will decrease as well once the people
leave the place.

32°C

Therefore, we do not need to turn the o5 -
air conditioner on and off when going to
another place: the thermoactive ceiling will
detect your presence.

Bundestag Berlin, equipé de plafonds Karo
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TO HAVE A GREAT COMFORT

Cooling by radiation does not imply any air
circulation, except for necessary hygienic
air renewals. There is therefore no air draft,
which results into a feeling of greater com-
fort.

Unlike traditional air conditioning systems,
which have to send out cold air, generating
a considerable current, and consequently
resulting in a feeling of lack of comfort,
throat problems, etc., the thermoactive pre-
fabricated slab ensures a gentle and peace-
ful environment.

Radiant ceiling systems have been largely
developed for luxurious buildings where
comfort was essential. Now, this system is
accessible to all types of projects.

Improving Air Quality

Fresh air circulation is commonly a
source of health problems due to humid
air (favoring bacteria proliferation — Le-
gionella - and moisture near to air con-
ditioners).

This is due to improper air renewal or just
caused by an excessively cold air current or
an air draft sensation (throat problems, etc.).

The thermoactive prefabricated slab can
prevent these problems. The only air cir-
culation necessary is the hygienic re-
newal.

This slight ventilation contributes to en-
hance ceiling performance (convection),
while being afresh and pleasant air.

In 1999, 2,000 Legionella cases (Legion-
naire’s disease) were reported in France,
most of them due to improper air condi-
tioning system operation. The use of cold
ceiling is a way to avoid this risk

Guaranteeing Proper Acoustic Performance

Radiant ceiling systems are noiseless and
offer greater acoustic comfort if com-
pared to traditional systems.

False ceilings also offer the advantage of
providing acoustic isolation between.

In this regard, ceiling integration into
concrete slab is a priori a flaw, compared
to suspended ceilings.

Where high acoustic insulation is neces-
sary, acoustic panel systems have to be
used, replacing fake ceilings.

In this case, we can use, for example,
partial suspended acoustic elements.
These elements exert a very low influ-
ence on thermal performance, but re-
duce to a considerable extent internal
noise. Partial ceiling cover provides the
very same acoustic characteristics as
total cover without blocking heat emis-
sion.
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Thermoactive prefabricated concrete slab

Precast radian slab with acoustic ceiling covering 50% of the area.

Precast radian slab with acoustic baffles
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No risk of condensation

Surface condensation risks are avoided
through the systematically use of a dew
point sensor.

This probe is connected to the thermostat,
and ensures that the water entering the cir-
cuit is always at least 2°C above dew point
temperature.

This mechanism prevents condensation,
while providing sufficiently low ceiling tem-
perature. Air dehumidifying is a possible op-
tion, albeit unnecessary under our latitudes.

Ensured Reliability

The tube used for installation is Roth’s X-
PERT S5+® PERT, a state-of-the-art prod-
uct made up of 5 extruded overlapping lay-
ers.

This is a solid and perfectly insulated mate-
rial, avoiding tube tearing, air infiltration and
corrosion.

Water flows through a closed circuit, with-
out external air exchange; hence it remains
clean over many years, without neither clay
formation nor obstruction risks.

Polyéthylene @

Adhésif @

This reliability is ensured. KaRo systems
have been used for decades on several ceil-
ings with ultra thin tubes (capillary mats)
without any obstruction observed.

Only external elements allowing for water
circulation (pumps, valves, etc.) will require
maintenance. The system will operate as it
did during the first operation day all over the
building life.

In case of Perforations

Perforations and fixations can eventually be
carried out on finished ceilings after structures
and piping are located (using a metallic struc-
ture detector or thermal camera).

Fixation drilling should not make concrete
explode. Shot anchoring or fixation systems
should be subject to technical control author-
izing their use on slab surface (penetration
limiter).

Note that in case of accidental perforation of
the pipes, the damaged area can be isolated
(by closing the valves) and a reparation can be
performed in approx. 2 hours. (by a plumber).

Barrigre Anti-Oxygéne @

Adhésif @

PERT @
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Thermoactive prefabricated concrete slab

Performances during Restructurahon Phase

An office space is usually reconditioned. The
thermoactive prefabricated slab is adapted
to these changes. Active ceiling area modu-
lation allows to easily change a room size
by changing circuit connection at distributor
level.

Changes are, however, restricted by the
prefabricated slab size. Although it is easy
to connect or disconnect two independent
circuits, it is impossible to divide one circuit
into two.

This inconveniency should be taken into ac-
count in initial plans and eventually solved
by putting two circuits within one single pre-
fabricated slab..
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Performance during Pulling Down Phase

PRESERVING THE ENVIRONMENT.

In the light of the cold-heat system concept
simplicity and because of the limited quan-
tity and non-toxicity of the components used
for execution (simple tubes), pulling down
has less environmental impact than tradi-
tional solutions such as convectors, radia-
tors, or air conditioning systems.

ENVIRONMENT AND HEALTH

Based on the life cycle analysis method
(LCA), the prefabricated slab environmental
and health statement card (FDES — “Fiches
de Déclarations Environnementales et Sani-
taires” in France) provides builders and work
managers with useful information about en-
vironmental impact resulting from product
manufacturing, execution, life, and life end.

This is another advantage of the prefabri-

cated slab solution regarding building users’
comfort and health:

Carbon balance is equal to 20 kg of CO, per
prefabricated slab sqm for 100 year life. This
can be compared to 1 kg of refrigerating gas
like CFC (used in traditional systems) repre-
senting between 1,500 and 3,000 kg of CO,.
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Performance during Pulling Down Phase

COMPARATIVE COSTS
Reduction of construction costs.

Cold ceiling systems are at first more expensive
when it comes to their construction if compared to
traditional air conditioners and radiators.

The thermoactive prefabricated slab with the in-
tegrated system induce a cheaper construction,
whilst still allowing to make a profit from invest-
ment through its operation saving. Comfort and
energy saving are thus more accessible.
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Radiant ceilings use less energy than traditional
systems.

e Save energy necessary for fluid cooling
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e Put water in circulation in comparison
with air circulation

And it also saves energy resulting from
concrete inertia (depending on the building
thermal insulation) and free cooling.

The thermoactive pre-slab is then the solution
using the least energy. This is an important
point to bear in mind in today budget, and
even more in future budget

Reduction in Maintenance Costs

The tubes incorporated into the concrete are
protected against any kind of degradation.

yearly operating cost (k€)

M Operating B Maintenance

Only pumps and water heating/cooling sys-
tems require maintenance.

This results in low maintenance expenses.
Globally, final operation costs are less than
50% compared to traditional installation.

Performance remains constant without
maintenance or control related to compo-
nent duration.

The system will operate as it did during
the first day all over the building life cycle
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Service and Support

e Technical advice

e Search for the solution that best fits each
project needs

e Technical support all over operation time

Studies

e Computer management of information
flow (drawings in dwg format; dxf CAD)

e Efficient and recognized calculation soft-
ware for slab sizing

e Thermal simulation for calculating radiant
ceiling power

Planning

e |ogistic service concerning the work.
Setting up an initial schedule

100% Peak Power

37.5%IFan & Motor 57.7%

) " Pumps 1 59
18.8% 7.5%

9.3% [l Air Transpoit loa 9.4%

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 1.9%
34.4% Other loads I 34.4%

CONVENTIONAL RADIANT COOLING
HVAC SYSTEM HVAC SYSTEM

Load from lights

Chiller 62.5%

Thermoactive prefabricated concrete slab

e Planning of delivery with daily follow-up,
guarantee of agreed term

Set up

e Drawing of the prefabricated slab place-
ment plan

e Drawing of the hydraulic connection plan
The choice of thermoactive prefabricated slab

means knowing how to anticipate, control,
ensure.,

e Anticipate preparation
e Control the work management

e Ensure a good finishing
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KaRo Solar
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