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1. Simulation environment 
 
TRNSYS17, with 

- Type34 for shading (overhang, wingwalls) 
- Shading mask 67 for shading of other buildings 
- Type16c for calculation of solar radiation (total, beam, diffuse) on different planes 
- Type2b for control of floor and ceiling cooling 
- Type 653 for floor cooling (type2) 

 

2. Building typologies 

 
5 residential buildings and 2 office rooms are considered: 

• Row house  
• Architectural residence (villa)  
• Semi-detached house (corner)  
• 2-facaded apartment  
• 3-faceded apartment  

 

 net volume 
[m³] 

Surface area 
[m²] 

Floor area 
(cooled) 
[m²] 

window/floor 
[%] 

Row house 393 253 119 18 

architectural 486 697 169 21 

Semi detached 
house 

460 348 137 19 

2 façade ap 206 58 62 21 

3 façade ap 203 88 62 25 

Small office 
(2pers) 

47 12 18 32 

Conference room 
(10pers) 

97 25 38 31% 

Table 1 geometrical properties of different buildings 

 
Building plans: Annex A 

 

3. Preconditions 
 

3.1. Weather data 
 

For this study a new climate file was constructed, based on the most severe heat 

waves during the last 10 years (2010-2019) and using the official weather station data of Belgium in 

Uccle. For more details: see separate report ‘Comfort criteria for sustainable cooling systems’.  

 

3.2. Hygienic ventilation 
 



Residential buildings. 

Nominal flow rates are determined according to EPB requirements (NBN D50-001) . 

A mechanical ventilation system (system D) is supposed with the following properties: 
• Constant air flow rates:   

o supply flow 60% of nominal flow,   
o extraction flow 100% of nominal flow (because of balance),  
o interzonal flows to obtain balance in every room  

• Heat exchanger with eff 75% and supply temp + 0.5K  
• Bypass on if   

o and Te> ToutOnBypass ,    with ToutOnBypass=12°C  
o and Te< Ti-deltaT_bypass,   
o and not heating season  

 
Comfort level and energy use for cooling are similar with a ventilation system with natural supply 
(system C), see also AnnexB. The influence of different properties of the ventilation system- like 
bypass, demand-controlled ventilation, increasing ventilation flow-  are investigated for the row 
house (see separate report ‘Ventilation systems and cooling’). 
 
Office rooms. 
 
A mechanical ventilation system is assumed with the following properties: 

- demand controlled ventilation @ 25m³/h/pers 
- max flow between 4h and 8h (because of cooling potential) 
- heat exchanger with efficiency of 75% and supply temp + 0.5K  
- Bypass on if   
o and Te> ToutOnBypass ,    with ToutOnBypass=12°C  
o and Te< Ti-deltaT_bypass,   
o and not heating season  
-  

 

3.3. Interzonal ventilation and stratification 
 

In the residential buildings, each room is considered as a separate zone, the interior doors are 

permanently open. This causes interzonal air flows in addition of the hygienic ventilation flows. For 

the buildings with multiple floors (terraced and 3-façade house) stratification due to buoyancy 

effects is considered.  

For the transport of air through the internal openings the Warren Relationship for air flow through a 

single sided opening driven by thermal buoyancy , is used, as described by Caciolo (2011) and 

EBC_IEA Annex62. The quantification of the flow is mainly based on the geometry of the opening 

and the temperature difference between two chambers. 

 

q= air flow [m³/s] 
A= Adoor x Cd= Adoor x 0.6 
Ti – Tu = temp difference between rooms (zones) 
Ht-Hb = height of door 



Ti = mean temp of rooms 

 
In the staircase, half of the convective gains at a lower floor are directly assigned to the upper floors. 

This approach was based on simulations and measurements of a case study with an open staircase 

(Annex C). However, in the considered buildings, air exchange between staircase and other rooms is 

only through open doors and there is a downward resulting hygienic ventilation air flow. Hence the 

impact of buoyancy effects will be less pronounced. 

3.4. Internal gains 
 
Internal heat gains are imposed based on ISSO32 and the Dutch method ‘Stroomversnelling’ 
developed by Witkamp et al. (2019). A daily internal gain profile was made for a 3 – and 4- member 
family (respectively for the apartments and single family dwellings) and for the occupancy of the 
small office and the conference room. The same gain profile is applied for all days of the year (no 
distinction based on weekend versus week or holidays). According to the Dutch method, there is 
always at least one person present. 
The hourly internal (sensible and latent) gains are shown in Figure 1 - Figure 6and listed in Annex D. 
 

 
Figure 1 internal gains for family with 4 persons 

 



 
Figure 2 internal gains for family with 4 persons  

 
Figure 3 internal gains for family with 3 persons  

 



 
Figure 4 internal gains for family with 3 persons  

 

 
Figure 5 internal gains for small office and conference room 



 
Figure 6 internal gains for small office and conference room 

 
 

3.5. shading 
 
The following shading created by the neighborhood is considered: 

- shading create by the other buildings around the studied case 
- shading by the architectural form of the building itself (except for minor details creating 

shadow ,e.g. the outside thickness of the walls for the windows).  
- trees, fences,… are not considered. 

 
For the row house, we assume another row of houses on the opposite side of the street. The width 
of the street is 1.4 + 2x 3 + 1.4 = 8.8m, the height of the buildings across the street is the same as the 
studied building. 
For freestanding houses, we assume other similar properties, 20 m away, situated on both sides of 
the house and similar houses across the street (symmetrical). 
 

4. Parameters 
 

4.1. Insulation/air tightness 
 

Building insulation can be varied between ‘current standard’ and ‘passive standard’. ‘Current 

standard’ buildings have a maximal thermal conductivity factor of 0.24 W/(m²K). This value is set by 

the current present EPBD-requirements. ‘Passive standard’ buildings will have a thermal conductivity 

factor of 0.12 W/(m²K) or under. Air tightness is set to n50=3/h. 

4.2. Thermal mass 
 

Thermal mass can be varied between ‘high’ or ‘low’: ‘high thermal mass’ refers to a structure with a 

high concentration of concrete or stone that are able to store relatively large quantities of 

energy.  ‘Low thermal mass’ refers to timber frame constructions.  
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4.3. Window percentage 
Window percentage can either follow the architectural building plans or an extra window 

percentage can be taken into account. The window/floor percentages are given in the following 

table: 

Type gebouw Window/floor [%]  
According to plans 

Window/floor [%]  
extra 

Row house 18 - 

architectural 21 30 

Semi detached house 19 25 

2 façade ap 21 - 

3 façade ap 25 30 

Small office (2pers) 32 - 

Conference room 
(10pers) 

3 - 

Table 2 windows perentage of different buildings 

4.4. Orientation 
 

4 main orientations (N, S, E, W) are considered, as indicated on the building plans (Annex A). 

 

4.5. Intensive ventilation 
 
Intensive ventilation includes the (manually) opening of windows when there is a cooling potential 
with external air. This will cause air flows on top of the hygienic ventilation air flow. Three options 
are provided. 

1. no intensive ventilation: windows remain closed 
2. ventilative cooling: the width of the window opening is 15cm (for tilted windows this refers 

to the width of the top opening), see Figure 7 
3. intensive ventilative cooling: the width of the window opening is 15cm (for tilted windows 

this refers to the width of the top opening), see Figure 7 

 
Figure 7 natural ventilation by opening of windows 

 
For the air flow through external openings the formula of Phaff and the Guide is used, as described 
by Caciolo (2011) and EBC_IEA Annex62. This formula gives the air flow through a single sided 
opening driven by a combination of thermal buoyancy and wind. It is the same as used in Standard 
EN15242. It is a simplified formula that mainly takes into account the geometry of the opening, the 
wind speed (but not the direction) and the temperature difference between the room and the 
outside temperature. The wind speed in the formula is set to a constant value of 4 m/s. 
 



 
q= air flow [m³/s] 
A= Adoor x Cd= Adoor x 0.6 
Ti – Tu = temp difference between room and outside 
Ht-Hb = height of the window 
Vref = wind speed at height of the window 

 
Thus, intensive ventilation is considered for each room separately, with one opening in each room. 
Cross flows or stack flows through multiple openings are not considered.  
 
When screens are used at the same time, ventilation opening is reduced to 10% of the original 
opening. 
 
Strict rules for window manipulation are imposed, which implies that the simulation tends more to 
an automatic control of the window openings. 
 
In residential buildings windows are opened if the room temp Troom is > 23°C and 

o or 16°C< Te <25°C 
o or daytime > 22h and mean night temp will be < Troom 

Windows are closed if  
o or Troom < 20°C and Te < 14°C 
o or Te>25°C and Troom < Te 

 
Conditions should be true for 30 min before action is taken. 
 
In offices windows are opened if 

• Ti> 23°C 

• and (Ti > Te+1°C)  

• and Te > 16°C (during working hours) 
 
Office windows are closed if 

• or Ti< 21°C 

• or (Ti < Te-2°C) 

• Te< 14°C (during working hours) 
 

Conditions should be true for 30 min before action is taken. 
 

4.6. Sun protection (sun blinds, sun protected glass) 

 
Three levels of sun protection were added to the model:  

- No sun protection: glass with g = 0.6 
- Protective screens on the outside of the window: g = 0.1. only 10% of solar radiation is 

transmitted through this barrier  
- Sunproof glass with g = 0.3 

 
Strict rules for window manipulation are imposed. 
For residential buildings:  

- Screens go down if Troom > 23°C and Toutside > 12°C  
- Screens go up if Troom < 20°C or at sundown.  



For offices: 
- Screens go down if Troom > 23°C and solar radiation > 125W/m² on the window 
- Screens go up if Troom < 20°C or at sundown.  

 
Conditions should be true for 30 min before action is taken. 
 
 

5. Cooling systems 
 

5.1. Floor cooling, water based. 
 
2 different systems for floor cooling are considered. 
 
The first one is a system with pipes embedded in the screed/concrete, based on Type A in EN 15377 
(Figure 8).  Pipes are embedded in 8cm of screed, on a load bearing layer of 15cm concrete. External 
floors are insulated with 15cm EPS, internal floors are not insulated. The floor is covered with tiles 
(low thermal resistance). 
 

            
Figure 8 floor cooling type1 

 
This floor system has the following characteristics: 

• pipe spacing 10cm 

• pipe outside diameter 0.016m, pipe wallthickness 0.002m 

• water supply temperature is 16°C for residential buildings and = max (16°C, Ti,dewpoint) for 
office rooms 

• flow rate is based on a specific power of 30W/m² and temperature difference between 
supply and return of 5K (5,15 kg/h m²) 

• flow rate is controlled on/off based on the room air temperature (TSP = 24°C +/-1°C) 
 

The second cooling system is based on Type B of EN 15377, that mainly differs from type A because 

of the possibility to have a very thin screed. This system has lower thermal mass/inertia , but similar 

heat exchange values (Figure 9) as the previous one.  

 



                 

Figure 9 floor cooling type2 

Pipes are embedded in 2cm of screed (Figure 9), with an insulation layer below that minimizes the 
losses to the environment (loss coeff = 5% of heat transfer coeff to zone). The floor is covered with 
wood or carpet (high thermal resistance). 
 

 

This floor system has the following characteristics: 

• water supply temperature is 16°C for residential buildings and = max (16°C, Ti,dewpoint) for 
office rooms 

• flow rate is based on a specific power of 20W/m² and temperature difference between 
supply and return of 5K (3,44 kg/h m²) 

• flow rate is controlled on/off based on the room air temperature (TSP = 24°C +/-1°C) 
 
Main differences between the 2 systems: 
 system1     system2 
high inertia      low inertia 
covering with low thermal resistance  covering with high thermal resistance 
(flow rate 5.15 kg/h m²)   (flow rate 3.44 kg/h m²) 
important ‘losses’ to underlying rooms  limited losses to underlying rooms 
 
Some points of interest derived from the simulation results: 

• The higher thermal mass of system1 causes power peaks at the start a cooling period as the 
screed has to be cooled first, but once the screed is cooled down, heat exchange with the 
room doesn’t seem to differ much from the system with lower thermal mass. 

• It can be difficult to achieve sufficient comfort in a specific room with high cooling demand 
when using system1, because of the losses to the underlying room. 



 

TRNSYS input parameters for floor cooling: 

Active layer (floor cooling 1) 
 
Convective heat transfer coefficient of wall: internal calculation for floor with active layer 

 
 

 

 
Figure 10 active layer parameters in TRNSYS 

 
Type 653: (floor cooling 2) 

- Capacitance of slab: 30 kJ/K per m² floor area (1cm wood covering + 1,5 à 2cm screed) 
- Slab to ambient loss coeff 0.325 W/m²K (1.17 kJ/hm²K) 
- Slab to zone heat transfer coeff 6,5 W/m²K (23.4 kJ/hm²K) 
- Heat exchanger effectiveness: 0.9 

Cooling power is assigned to rooms as internal gains, radiative part is set at 66% 
 

 

5.2. Convective cooling 
 
Convective cooling devices are considered as an idealized cooling control with setpoint temperature 
fixed at 24°C. We distinguish between 2 systems based on their maximum power. The first one is 
limited to 50W/m² and can be representative for any active cooling system at low temperature, like 
an airco, an air-water heat pump or and air-air heat pump.  



The second one has a maximum cooling power of 15W/m². This can for instance represent a cooling 
system with ventilo-convectors at high temperature, coupled to an geothermal source. These 
emitters are assumed to be sized based on the heat demand of the building and have therefore a 
limited cooling power. 
 
The required power for heating in the reference buildings, with insulation and airtightness according 
to actual building standards and equipped with a ventilation system D with heat recuperation, is 
between 40-50 W/m². Manufacturer data for the StradaHybrid (Jaga) show that the cooling power of 
an hybrid ventilo convector at 16/18°C is about 40% of the heating power at 45/40°C.(Figure 11)  For 
higher cooling temperatures, the booster function allows to attain these values as well (50% for 
20/22°C). 

 
Figure 11 cooling power versus heating power for hybrid ventilo convectors 

 
For the office rooms, a dewpoint control is added to the convective cooling devices at high 

temperature. As the convective system is modelled in TRNSYS as an ideal cooling system, only 

characterized by his setpoint and maximum power, it is not possible to adjust the water supply 

temperature as a function of the dewpoint. So the dewpoint control consists of an adjustment of the 

maximum power, according to: 

Pmax = max(0, 15/8* (Ti- max(16,Ti_dwp) – 1))  [W/m²] 

5.3. Cooling coil 
 
The cooling coil is placed in the supply air of the mechanical ventilation system. We distinguish 
between a coil at low temperature, connected to an active cooling system, and a coil at high 
temperature connected to a geothermal source. Water supply temperatures of respectively 7°C and 
16°C are imposed. The efficiency of the coil is based on measurement and manufacturer data and 
set to 50% (Annex G). For comfort reasons supply temperature is not allowed to be lower than 16°C. 
So, supply temperature is determined as: 
 
Tpuls_aftercoil = max (16°C, Tpuls_beforecoil -0.5*(Tpuls_beforecoil – Tsupply,water)) 
 
The cooling coil has a simplified control, it works when: 

- extraction air in the ventilation system is > 24°C (there is a cooling demand) 
- temperature of the air leaving the ventilation unit, before passing the coil, is > 16°C 



- for the coil at low temperature: the supply air is cooled down to a temperature > the dew 
point temperature of the outside air (to avoid condensation) 

 
 

5.4. Adiabatique cooling. 

 
The adiabatique cooling device is situated in the  return air of the ventilation unit, before the heat 
exchanger.   Temperature  of the saturated air is  calculated   according to:  
 
Tsat_air = Tret – ηsat (Tret-Twb) 
 

Tsat_air: temperature of saturated air (°C) 
Tret: return air (°C) 
ηsat: saturation efficiency = 1.169 – 1.0613*RHret (residential) and =1 (offices) 
Twb: wet bulb temp of return air (°C) 

 

 

 
Figure 12 indirect adiabatique cooling 

 
The efficiency of the saturation  process  is based on measurements (Annex H) as a function of the 
relative humidity of the extracted air. It is should be mentioned that the measurements are carried 
out on a system where the saturation process is limited to RH of 70%. In contrast to the residential 
buildings, for the office rooms saturation to the wet bulb temperature is assumed. 
 
The  adiabatic cooling systems works if: 

- the conditions for the bypass to work, like described in 3.2, are not fulfilled   
- the  return temperature in the ventilation unit is > 24°C (there is a cooling demand) 
- the outdoor temperature is > 12°C (avoiding too low  supply temperature) 

 
 
 

5.5. Ceiling cooling. 
 

The  considered   system, with suspended ceiling and air gap between pipes and concrete, is 

represented in Figure 13. The model is based on the power characteristics as shown in Figure 14. 

 



 

Figure 13 ceiling cooling 

 

Figure 14 characteristics of ceiling cooling 

 

The system has the following characteristics: 

• pipe spacing 7.7cm 

• pipe inside diameter 0.014m 

• water supply temperature is 16°C for residential buildings and = max (16°C, Ti,dewpoint) for 
office rooms 

• flow rate is based on a specific power of 45W/m² and temperature difference between 
supply and return of 4K  

• flow rate is controlled on/off based on the room air temperature (TSP = 24°C +/-1°C) 
 

 

TRNSYS input parameters for ceiling cooling: 

 





6. Ouputs 

 
An overview of all simulation outputs is given in Annex F. 

Temperature  exceeding hours (TO)  are calculated in different ways: 
- for each (cooled) room separately (or alternatively based on the mean building temperature) 
- for a fix setpoint temperature (28°C in the living rooms, 26°C  in the sleeping rooms, 

according to CIBSE Guide A) 
- for multiple (fix) setpoint temperatures according to comfort classes (To 26°C, 27°C and 28°C 

for office rooms, according to EN 16798) 
- or alternatively according to adaptive comfort criteria (ATG)  
- only outside the heating season for residential buildings, during the whole year for office 

rooms 
- according to the occupancy ratio of each room (or alternatively to the occupancy of the 

room) 
- without weighting factor (or alternatively weighted with the temperature exceedings (DHC)) 

 

Ὕὕ  В В ὫὸὝȟȟ ȟὝ x occup x w] 

 TO  = temperature exceeding hours 
 occup  = occupancy_room/occupancy_building 

 alternatively = gt(occupancy_room,0) 
 w  = 1 
  alternatively = (Ti,H,room-TSP) 
 

Adaptive comfort criteria define comfort criteria as a function of (historical) outside temperatures. 

The ATG criteria according to EN 16798/ISSO74 are used for the office rooms, and according to Van 

der Linden for the residential buildings. 

 

Trm is calculated as (EN15251 and EN16798) 

 

or according to Vanderlinden for the residential buildings: 

 

The evaluation of summer comfort in the context of sustainable cooling systems is described in 

detail in a separate report ‘Comfort criteria for sustainable cooling systems’. 

 

 

 

+…} 
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Annex A: building plans 

(parameter ‘orientation’ is orientation of the façade indicated by a red arrow)                                          

 

 

Row house. 

 

 

 

 



 

 

 

 

 

 

 



Architectural dwelling. 

 

 

 



 

 

  



Semi-detached house 

 

 

 

 

 

 



 

 

 

 

 

  



2- and 3- façade apartment

 



 

 

 

 

 

 

 

 

 

 



Small office 

 

 

 

 

 

Conference room 

 

 

  



Annex B: ventilation system 

The following graphs show supply temperatures and indoor temperatures for the terraced house 

equipped with a ventilation system D (as it is used in the simulations) and a system C with following 

properties: 

• demand controlled ventilation flow with reduction coeff freduc = 50%   
• Base ventilation: (50% of air flow in syst D)   

o supply flow 30% of nominal flow   
o extraction flow 50% of nominal flow (because of balance)   
o interzonal flows to obtain balance in every room   

• increase of flow rate in a room (x 1/freduc = *2) if   
o or occupancy    
o or Te < Ti_room (cf possibility of cooling using the ventilation system)   

• when increasing flow rate in a room: supply and extraction in the same room, no 
interzonal flows   
• no heat exchanger   
• Tsupl = Te +0.5K   

  

 

Fig supply temp and outdoor and indoor temp (living room) for ventilation system C and D (in May) 
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Fig supply temp and outdoor and indoor temp (living room) for ventilation system C and D (in July-

August) 

 

 

Fig supply temp and outdoor and indoor temp (sleeping rooms) for ventilation system C and D (in 

July-August) 
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Fig zoom on indoor temp (living room and sleeping room) for ventilation system C and D (in July-

August) 
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Annex C: stratification 

Impact of buoyancy effect was investigated in a test case with open staircase, with measurements 
and simulation results available. Temperatures were measured in the living room and in the master 
bedroom. The building was simulated with 2 zones (dayzone at lower floor and night zone at upper 
floor), hygienic ventilation is balanced in each zone.  Part of the solar gains (f) in the dayzone was 
directly assigned to the air (sol to air factor in TRNSYS) and imposed as internal gains to the upper 
floor (night zone). Using a factor f=0.4 (instead of f=0) improves the fit of the simulated 
temperatures and the measurements. There is still some discrepancy, which is probably caused by 
the fact that temperatures are measured at 2 specific locations and thus influenced by local 
conditions like solar incidence, and so on, while the simulated temperatures are mean values for the 
whole day – or nightzone. The temperature in the night zone, for instance,is measured in the master 
sleep room, while the temperature is expected to be higher at the top of the stairs. 
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Annex D: internal gains. 
 Family with 4 persons: 
 

 

tijdvak 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

van 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

tot 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

seconden 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600

app (factor) 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 1 1 1 1 1 1 0,5

Woonkamer app (W) 50 50 50 50 50 50 50 50 50 75 75 75 75 75 75 75 75 100 100 100 100 100 100 50

50 verl (%) 0 0 0 0 0 0 0 15 15 15 0 0 0 0 0 0 0 35 35 75 100 100 75 0

m² pers (aantal) 0 0 0 0 0 0 0 0,5 1 1 1 1 1 1 1 1 1 2 2,5 1,75 2 2 1,5 0

elek (W) 50 50 50 50 50 50 50 87,5 87,5 112,5 75 75 75 75 75 75 75 187,5 187,5 287,5 350 350 287,5 50

totaal voelbaar (W) 50 50 50 50 50 50 50 127,5 167,5 192,5 155 155 155 155 155 155 155 347,5 387,5 427,5 510 510 407,5 50

vochtproductie (mg/s) 10 10 10 10 10 10 10 18 26 26 26 26 26 26 26 26 26 42 50 38 42 42 34 10

latent (W) 25 25 25 25 25 25 25 45 65 65 65 65 65 65 65 65 65 105 125 95 105 105 85 25

0,5 0,5 0,5 0,5 0,5 0,5 0,5 1 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 1 3 3 1 0,5 0,5 0,5

Keuken app (W) 50 50 50 50 50 50 50 100 50 50 50 50 50 50 50 50 50 100 300 300 100 50 50 50

20 verl (%) 0 0 0 0 0 0 0 15 15 15 0 0 0 0 0 0 0 35 35 75 100 100 75 0

m² pers (aantal) 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0

elek (W) 50 50 50 50 50 50 50 115 65 65 50 50 50 50 50 50 50 135 335 375 200 150 125 50

totaal voelbaar (W) 50 50 50 50 50 50 50 225 40 40 50 50 50 50 50 50 50 85 265 305 150 125 100 50

vochtproductie (mg/s) 4 4 4 4 4 4 4 56 4 4 4 4 4 4 4 4 4 24 80 80 24 14 14 4

latent (W) 10 10 10 10 10 10 10 140 10 10 10 10 10 10 10 10 10 60 200 200 60 35 35 10

0,1 0,1 0,1 0,1 0,1 0,1 0,1 1,5 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 1,5 1,5 0,1 0,1 0,1 0,1

Badkamer app (W) 10 10 10 10 10 10 10 150 10 10 10 10 10 10 10 10 10 10 150 150 10 10 10 10

15 verl (%) 0 0 0 0 0 0 0 50 25 0 0 0 0 0 0 0 0 0 25 50 0 0 25 0

m² pers (aantal) 0 0 0 0 0 0 0 1 0,5 0 0 0 0 0 0 0 0 0 0,25 0,25 0 0 0,5 0

elek (W) 10 10 10 10 10 10 10 187,5 28,75 10 10 10 10 10 10 10 10 10 168,75 187,5 10 10 28,75 10

totaal voelbaar (W) 10 10 10 10 10 10 10 267,5 68,75 10 10 10 10 10 10 10 10 10 188,75 207,5 10 10 68,75 10

vochtproductie (mg/s) 8 8 8 8 8 8 8 224 116 8 8 8 8 8 8 8 8 8 62 62 8 8 116 8

latent (W) 20 20 20 20 20 20 20 560 290 20 20 20 20 20 20 20 20 20 155 155 20 20 290 20

0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25

Slpk1 app (W) 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25

20 verl (%) 0 0 0 0 0 25 25 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 25

m² pers (aantal) 2 2 2 2 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2

elek (W) 25 25 25 25 25 50 50 50 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 50

totaal voelbaar (W) 145 145 145 145 145 170 170 50 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 170

vochtproductie (mg/s) 18 18 18 18 18 18 18 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 18

latent (W) 45 45 45 45 45 45 45 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 45

0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25

Slpk2 app (W) 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25

15 verl (%) 0 0 0 0 0 0 25 25 15 0 0 0 0 0 0 0 0 0 0 0 50 25 0 0

m² pers (aantal) 1 1 1 1 1 1 1 0,5 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

elek (W) 25 25 25 25 25 25 43,75 43,75 36,25 25 25 25 25 25 25 25 25 25 25 25 62,5 43,75 25 25

totaal voelbaar (W) 85 85 85 85 85 85 103,75 73,75 36,25 25 25 25 25 25 25 25 25 25 25 25 122,5 103,75 85 85

vochtproductie (mg/s) 10 10 10 10 10 10 10 6 2 2 2 2 2 2 2 2 2 2 2 2 10 10 10 10

latent (W) 25 25 25 25 25 25 25 15 5 5 5 5 5 5 5 5 5 5 5 5 25 25 25 25

0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25

Slpk3 app (W) 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25

15 verl (%) 0 0 0 0 0 0 25 25 15 0 0 0 0 0 0 0 0 0 0 0 0 0 50 25

m² pers (aantal) 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

elek (W) 25 25 25 25 25 25 43,75 43,75 36,25 25 25 25 25 25 25 25 25 25 25 25 25 25 62,5 43,75

totaal voelbaar (W) 85 85 85 85 85 85 103,75 43,75 36,25 25 25 25 25 25 25 25 25 25 25 25 25 25 122,5 103,75

vochtproductie (mg/s) 10 10 10 10 10 10 10 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 10 10

latent (W) 25 25 25 25 25 25 25 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 25 25

0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,3 0,4 0,4 0,3 0,25 0,25

speelkamer app (W) 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 30 40 40 30 25 25

15 verl (%) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 25 50 50 25 0 0

m² pers (aantal) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0

elek (W) 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 48,75 77,5 77,5 48,75 25 25

totaal voelbaar (W) 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 48,75 137,5 137,5 108,75 25 25

vochtproductie (mg/s) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 10 10 10 2 2

latent (W) 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 25 25 25 5 5

Woning verl (%) 0 0 0 0 0 25 75 155 85 30 0 0 0 0 0 0 0 70 120 250 300 250 225 50

150 pers (aantal) 4 4 4 4 4 4 4 4 1,5 1 1 1 1 1 1 1 1 2 3,75 4 4 4 4 4

elek (W) 210 210 210 210 210 235 272,5 552,5 303,75 287,5 235 235 235 235 235 235 235 432,5 815 1002,5 750 652,5 578,75 253,75

totaal voelbaar (W) 450 450 450 450 450 475 512,5 812,5 398,75 342,5 315 315 315 315 315 315 315 542,5 965 1152,5 980 907,5 833,75 493,75

vochtproductie (mg/s) 62 62 62 62 62 62 62 310 154 46 46 46 46 46 46 46 46 82 200 196 98 88 188 62

latent (W) 155 155 155 155 155 155 155 775 385 115 115 115 115 115 115 115 115 205 500 490 245 220 470 155



Family with 3 persons 

 

tijdvak 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

van 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

tot 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

seconden 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600

app (factor) 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,75 1 1 1 1 1 1 0,5

Woonkamer app (W) 50 50 50 50 50 50 50 50 50 75 75 75 75 75 75 75 75 100 100 100 100 100 100 50

50 verl (%) 0 0 0 0 0 0 0 15 15 15 0 0 0 0 0 0 0 35 35 75 100 100 75 0

m² pers (aantal) 0 0 0 0 0 0 0 0,5 1 1 1 1 1 1 1 1 1 2 2 1,75 2 2 1,5 0

elek (W) 50 50 50 50 50 50 50 87,5 87,5 112,5 75 75 75 75 75 75 75 187,5 187,5 287,5 350 350 287,5 50

totaal voelbaar (W) 50 50 50 50 50 50 50 127,5 167,5 192,5 155 155 155 155 155 155 155 347,5 347,5 427,5 510 510 407,5 50

vochtproductie (mg/s) 10 10 10 10 10 10 10 18 26 26 26 26 26 26 26 26 26 42 42 38 42 42 34 10

latent (W) 25 25 25 25 25 25 25 45 65 65 65 65 65 65 65 65 65 105 105 95 105 105 85 25

0,5 0,5 0,5 0,5 0,5 0,5 0,5 1 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 1 3 3 1 0,5 0,5 0,5

Keuken app (W) 50 50 50 50 50 50 50 100 50 50 50 50 50 50 50 50 50 100 300 300 100 50 50 50

20 verl (%) 0 0 0 0 0 0 0 15 15 15 0 0 0 0 0 0 0 35 35 75 100 100 75 0

m² pers (aantal) 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0

elek (W) 50 50 50 50 50 50 50 115 65 65 50 50 50 50 50 50 50 135 335 375 200 150 125 50

totaal voelbaar (W) 50 50 50 50 50 50 50 145 40 40 50 50 50 50 50 50 50 85 265 305 150 125 100 50

vochtproductie (mg/s) 4 4 4 4 4 4 4 40 4 4 4 4 4 4 4 4 4 24 80 80 24 14 14 4

latent (W) 10 10 10 10 10 10 10 100 10 10 10 10 10 10 10 10 10 60 200 200 60 35 35 10

0,1 0,1 0,1 0,1 0,1 0,1 0,1 1,5 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 1,5 1,5 0,1 0,1 0,1 0,1

Badkamer app (W) 10 10 10 10 10 10 10 150 10 10 10 10 10 10 10 10 10 10 150 150 10 10 10 10

15 verl (%) 0 0 0 0 0 0 0 50 25 0 0 0 0 0 0 0 0 0 25 50 0 0 25 0

m² pers (aantal) 0 0 0 0 0 0 0 1 0,5 0 0 0 0 0 0 0 0 0 0,25 0 0 0,5 0

elek (W) 10 10 10 10 10 10 10 187,5 28,75 10 10 10 10 10 10 10 10 10 168,75 187,5 10 10 28,75 10

totaal voelbaar (W) 10 10 10 10 10 10 10 267,5 68,75 10 10 10 10 10 10 10 10 10 168,75 207,5 10 10 68,75 10

vochtproductie (mg/s) 8 8 8 8 8 8 8 224 116 8 8 8 8 8 8 8 8 8 8 62 8 8 116 8

latent (W) 20 20 20 20 20 20 20 560 290 20 20 20 20 20 20 20 20 20 20 155 20 20 290 20

0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25

Slpk1 app (W) 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25

20 verl (%) 0 0 0 0 0 25 25 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 25

m² pers (aantal) 2 2 2 2 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2

elek (W) 25 25 25 25 25 50 50 50 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 50

totaal voelbaar (W) 145 145 145 145 145 170 170 50 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 170

vochtproductie (mg/s) 18 18 18 18 18 18 18 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 18

latent (W) 45 45 45 45 45 45 45 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 45

0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25

Slpk2 app (W) 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25

15 verl (%) 0 0 0 0 0 0 25 25 15 0 0 0 0 0 0 0 0 0 0 0 50 25 0 0

m² pers (aantal) 1 1 1 1 1 1 1 0,5 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

elek (W) 25 25 25 25 25 25 43,75 43,75 36,25 25 25 25 25 25 25 25 25 25 25 25 62,5 43,75 25 25

totaal voelbaar (W) 85 85 85 85 85 85 103,75 73,75 36,25 25 25 25 25 25 25 25 25 25 25 25 122,5 103,75 85 85

vochtproductie (mg/s) 10 10 10 10 10 10 10 6 2 2 2 2 2 2 2 2 2 2 2 2 10 10 10 10

latent (W) 25 25 25 25 25 25 25 15 5 5 5 5 5 5 5 5 5 5 5 5 25 25 25 25

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Slpk3 app (W) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15 verl (%) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

m² pers (aantal) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

elek (W) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

totaal voelbaar (W) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

vochtproductie (mg/s) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

latent (W) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

speelkamer app (W) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15 verl (%) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

m² pers (aantal) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

elek (W) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

totaal voelbaar (W) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

vochtproductie (mg/s) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

latent (W) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0



Annex E: floor cooling 

The following graphs show specific power and room temperature for the architectural house (heavy 
construction, standard insulation, west orientation) for both floor cooling systems (where _H refers 
to the heavy system and _L to the light system). The specific power is the total emitted power 
including losses to underlying rooms. 
The temperature of the living room fluctuates between 22,5°C and 26,5 °C and the floor cooling 
switches frequently between on and off. During these periods of discontinuous operation, room 
temperature rises and drops a bit more because of the inertia of the heavy system, but impact 
seems not very significant (Fig …). Fig .. shows the power peaks when the heavy system starts 
working and the mass of the floor is cooled down. 

 

 

In the sleeping room the floor cooling works continuously, resulting in similar specific power and 
room temperatures for both systems. 
 



 
 
Fig … shows the sorted specific power values for the cooling period. Apparently, energy consumption 
will be higher for the heavy system (caused by the discontinuous operation in the living room….).  
 

  



In the 3 façade apartment (heayvy construction, standard insulation, North orientation) the floor 
cooling is not sufficient in the sleeping rooms (exceeding hours <32h for the heavy and >64h for the 
light floor cooling).  
 
Fig… and Fig … shows that the specific power is similar for both systems ((except for the power peaks 
at the start-up of the heavy system), even when it reaches its limits. 

 
 

 
 
According to Fig… there is no big difference in comfort neither. 
 



 
 
 
 
Fig… and Fig… show the impact of the difference in insulation between both floor cooling systems. In 
contrast to the light system, the heavy floor cooling system has no insulation in the internal floors. 
Even if the downward losses of cooling energy stay in the building, this can cause some comfort 
problems, like in Fig… . The temperature in the sleeping room is circa 1°C higher with the heavy 
system, while the specific power is circa 30W/m² instead of 20 W/m²: part of the 30W/m² is going to 
the underlying rooms. Indeed, in the living room on ground level, same comfort can be reached with 
less cooling energy (heavy floor cooling has less operating hours than light system). 
 
 

 
 
 



 
 
  



Annex F: simulation output  
 
output for webtool: 
CoolDemTOT_sum: as a basis for the calculation of energy consumption (SEER is user-defined) 
TO_DAYZONE and TO_NIGHTZONE as a basis for comfort classification 

Data Details Name Timestep  Unit 

Cooling power 

Cooling power 

Includes  

- split,  

- ventilo-convector,  

- floor cooling (UFHh and UFHl) 

- ceiling et CCA (only for office) 

Floor cooling: cooling power going in the floor 

For each room CoolPow_(+room name) 

(*_01_H_Enr.out) 

CoolPow_max 

(*_04_Y_EnrComf.out) 

 

 

 

Max Power during 1h 

 

Max power during 1 

year 

kW 

 

Cooling power forced ventilation  

- total (Enth_ex-Enth_puls)*airflow 

- sensible  0.34(Tex-Tpuls)*airflow  

- latent 

- total from coil (Enth_in_coil-

Enth_out_coil)*airflow 

- total from adiabatic cooler: sens 0.34*(Tret-

T_adiab_interm)*airflow 

 

 

For whole building CoolPowVent_tot 

CoolPowVent_sens 

CoolPowVent_lat 

CoolPowCoil_tot 

CoolPowAd_sens 

(*_01_H_Enr.out) 

 

CoolPowVent_tot_max 

CoolPowVent_tot_max 

CoolPowVent_tot_max 

CoolPowCoil_tot_max 

CoolPowAdia_sens_max 

(*_04_Y_EnrComf.out) 

Max Power during 1h 

 

 

 

 

 

 

Max power during 1 

year 

kW 

 

Cooling Power, including split, ventilo-convector, 

floor cooling, coil and adiab (extra compared to HE) 

For whole building CoolPowTOT_max 

(*_04_Y_EnrComf.out) 

Max power during 1 

year 

kW/m² 



- specific power (divided by floor area of 

cooled zones) 

Cooling power, sensible effect of natural ventilation 

0.34(Tin-Tex)*natural_airflow 

For each room 

 

For whole building 

CoolPowNat_(+room name) 

(*_01_H_Enr.out) 

CoolPowNat_max 

(*_04_Y_EnrComf.out) 

Max Power during 1h 

 

Max power during 1 

year 

kW 

Cooling energy demand 

Cooling energy demand  

Includes  

- split,  

- ventilo-convector,  

- floor cooling (UFHh and UFHl) 

- ceiling et CCA (only for office) 

Floor cooling: cooling power going in the floor 

For each room CoolDem_(+room name)  

(*_01_H_Enr.out) 

CoolDem_sum 

(*_04_Y_EnrComf.out) 

 

Average cooling power 

during 1 hour 

Annual cooling energy 

demand 

kWh 

Cooling energy demand forced ventilation  

- total (Enth_ex-Enth_puls)*airflow 

- sensible  0.34(Tex-Tpuls)*airflow  

- latent 

- total from coil (Enth_in_coil-

Enth_out_coil)*airflow 

- total from adiabatic cooler 

 

For whole building CoolDemVent_tot 

CoolDemVent_sens 

CoolDemVent_lat 

CoolDemCoil_tot 

CooldemAd_sens 

(*_01_H_Enr.out) 

 

CoolDemVent_tot_sum 

CoolDemVent_sens_sum 

CoolDemVent_lat_sum 

CoolDemCoil_tot_sum 

CoolDemAdia_sens_sum 

(*_04_Y_EnrComf.out) 

Average cooling power 

during 1 hour 

 

 

 

 

 

Annual cooling energy 

demand 

kWh 



Cooling energy demand, including split, ventilo-

convector, floor cooling AND coil 

For whole building CoolDemTOT_sum 

(*_04_Y_EnrComf.out) 

Annual cooling energy 

demand 

kWh 

Cooling energy demand, sensible effect of natural 

ventilation 0.34(Tin-Tex)*natural_airflow 

For each room 

 

For whole building 

CoolDemNat_(room name) 

(*_01_H_Enr.out) 

CoolDemNat_sum 

(*_04_Y_EnrComf.out) 

Average cooling power 

during 1 hour 

Annual cooling energy 

demand 

kWh 

     

Final Cooling Energy consumption 

EER  EER Average value, hourly  

Energy consumption, includes 

- -split,  

- ventilo-convector,  

- floor cooling (UFHh and UFHl) 

- ceiling et CCA (only for office) 

Floor cooling: cooling power going in the floor 

For whole buidling CoolEner_House 

(*_01_H_Enr.out) 

CoolEner_sum 

(*_04_Y_EnrComf.out) 

Energy consumption, 

hourly 

Annual energy 

consumption 

kWh 

Energy consumption coil For whole building CoolEnerCoil_tot 

(*_01_H_Enr.out) 

 

CoolEnerCoil_tot_sum 

(*_04_Y_EnrComf.out) 

Energy consumption, 

hourly 

 

Annual energy 

consumtion 

kWh 

Comfort 

Indoor + outdoor temperature + pulsed air 

temperature 

- Dry bulb temp for each 

room + volume weighted 

dry bulb temp 

- Operative temp for each 

room + volume weighted 

operative temp 

- Outdoor Dry bulb temp 

InTemp_(+room name) 

InTemp_tot 

OpTemp (+room name) 

OpTemp_tot 

OutTemp 

Tpulsie_vent 

(*_02_H_TempHR.out) 

Averaged on 1h °C 



- Dry bulb temperature for 

pulsed air  

Indoor + outdoor relative humidity - HR for each room + 

volume weighted 

- Outdoor HR  

RH_(+room name) 

RH_tot 

OutHR 

(*_02_H_TempHR.out) 

Averaged on 1h °C 

Comfort (evaluated outside heating season) 

• Cumulative Temperature exceedings (TO): 

(sum of hours if OpTemp_H>26 (night) or 28 

(day)) x occupancy rate 

• Cumulative Temperature exceedings ATG: 

(sum of hours if OpTemp_H is above range I, 

II or III) x occupancy rate 

•  Cumulative Weighted temperature 

exceedings (DHC): (sum of exceedings) x 

occupancy rate 

• RHO: (sum of hours if RH_H>70%) x 

occupancy rate 

Alternative with occupancy (1/0) instead of 

occupancy rate (occupants in room/occupants in 

building): “ _bis” 

for whole building (based 

on room results: _tot, 

based on mean building 

temp: _building), based on 

occupancy : _bis 

 

 

 

 

 

 

 

 

 

For dayzone and nightzone 

(as a sum of room results), 

based on occupancy : _bis 

 

 

 

For each room 

 

 

TO_tot 

TO_building 

DHC_tot 

DHC_building 

ATG1_tot 

ATG1_building 

ATG1_totbis 

ATG2_tot 

ATG2_building 

ATG3_tot 

ATG3_building 

RHC_tot 

(*_04_Y_EnrComf.out) 

 

TO_DAYZONE 

TO_NIGHTZONE 

TO_DAYZONEbis 

TO_NIGHTZONEbis 

(*_04_Y_EnrComf.out) 

 

TO (+room name, building) 

ATG1 (+room name, building) 

DHC (+room name,building) 

Annual 

 

 

 

 

 

 

 

 

 

 

 

 

 

Annual 

 

 

 

 

 

Annual 

 

 

h 

h 

Kh 

Kh 

h 

h 

h 

h 

h 

h 

h 

h 

 

 

h 

h 

h 

h 

 

 

h 

h 

Kh 



 

 

 

 

For each room and building 

 

RHO (+room name) 

(*_05_Y_ComfZone.out) 

 

 

TO(+room name, building) 

ATG1 (+room name, building) 

DHC (+room name, building) 

RHO (+room name) 

(*_03_H_comf.out) 

 

 

 

 

 

Hourly 

h 

 

 

 

h 

h 

Kh 

h 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Annex G: cooling coil 
 
The efficiency of cooling coils according to manufacturer data (ComfoPost Zehnder and CWK) is 
shown in Fig… and table….  
The data of the ComfoPost Zehnder are for water supply temp 7°C and different units, varying air 
temperatures (26°C – 32°C), air flows (150m³/h – 600m³/h) and water flows (190-700l/h). 
 

 

 
Fig cooling coil afficiency (ComfoPost Zehnder) 
 
Efficiency cooiling coil according to manufacturer data CWK: 

Twater Tair_in Tair_out rend flow water 
(l/s) 

flow air 
(m³/h) 

6 25 13 63% 0,05 227 

6 28 13,8 65% 0,05 227 

6 25 14,1 57% 0,09 454 

6 28 14,8 60% 0,11 454 

6 25 15,4 51% 0,11 680 

6 28 16,4 53% 0,15 680 

 
Measurement data in 2 residential test cases, for the CWK cooling coil used at high temperatures, 
show lower efficiencies (Fig …). 
In the first case data on water temperature are not directly available, but the cooling coil is 
connected to the same loop as the floor cooling, which is provided with a dew point control. This 
results in water temperatures greater than 18°C most of the time.  



 
Fig… Measured temperatures before and after cooling coil (CWK) at high temperature (case Holven), 
and calculated supply temperatures when efficiency of 50% and water temp of 18°C is assumed. 
 

 
Fig… Measured temperatures before and after cooling coil (CWK) at high temperature (case Mol), 
and calculated supply temperatures when efficiency of 50% and measured water temp 
 
From the manufacturer data we can conclude that an efficiency of 50% is a lower limit, where 
measurement data for the cooling coils used at high temperatures tends more to an operating 
efficiency of 50%. 
 
 



Annex H: adiabatic cooling 
 
Fig… shows the efficiency of the saturation process in an adiabatic cooling system (measured data 
for HomeEvap, case Mol) as a function of the initial relative humidity. Temperature and relative 
humidity are measured before (Tbefore_sat) the saturation process, temperature is measured after 
(Tafter_sat).  
 
The efficiency is calculated as  
η = (Tbefore_sat – Tafter_sat)/(Tbefore_sat – Twb). 
 
The wet bulb temperature Twb is calculated as: 
Twb = =T*ATAN(0,151977*POWER(RH+8,31659;0,5))+ATAN(T+RH)-ATAN(RH-
1,676331)+((0,00391838*POWER(RH;1,5))*ATAN(0,023101*RH))-4,686035 
 
 
 

 
Fig efficiency of saturation process as a function of initial relative humidity 
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