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APPENDIX 1 
Calculation of ventilation rates per zone per plant.  To calculate the needed ventilation rate in the 
different zones, the following formula has been used:

qtot= nchild  qp.child + nadult  qp.adult + A  qB

nchild
qp.child
nadult
qp.adult
A
qB

= number of children
= outdoor air supplied per child (3 l/s*)
= number of adults
= outdoor air supplied per adult (5 l/s*)
= floor area (m2)
= outdoor air supplied per squaremeter (0.35 l/s per m2*)

https://bygningsreglementet.dk/Tekniske-bestemmelser/22/Krav/447#78aac1fc-ea64-41eb-888f-b9f6dba9eaac
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APPENDIX 2
Calculation of ventilation rates per zone per plant. 
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APPENDIX 3
Technical specification for the calculation of the amount of solar panels. Calculation of solar panels.

Step 1: Total energy consumption.
Total energy consumption for building service (ventilation and 
lightning) and equitment (from BE18): 300.000 kWh /year

Step 2: Amount of solar panels with an integrated optimal plant.
System efficiency (m2) = 
Total energy (kWh) / (evaluation of system factor * solar radiation intensity (kWh/m2))

300.000 kWh / (0,8 * 999 kWh/m2) = 375 m2

Amount of solar panels with a module efficiency of 12 %:
(375 m2 * 100) / 12 = 3125 m2

Step 3: Calculation of the energy that 340 m2 with an integrated less optimal 
plant (light shadow), would be able to produce.
71,928 kWh/m2 * 340 m2 = 24.446 kWh

Step 4: Amount of solar panels with an integrated optimal plant.
Energy: 300.000 kWh - 24.446 kWh = 275.554 kWh

System efficieny: 275.554 kWh / (0,8 * 999 kWh/m2) = 307 m2

Amount of solar panels with a module efficiency of 12 %:
(307 m2 * 100) / 12 = 2558 m2

Step 5: Total amount of solar panels.
2558m2 + 340 m2 = 2900 m2
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APPENDIX 4
U-value hand calculation. With 
hand calculation, the U-value for the 
wall construction is calculated. The 
wall consists five layers, that are a part 
of the climate screen, because the gap 
behind the cladding is ventilated and 
not insulating. 
Two of these five layers are inhomo-
geneous layers. This concerns the in-
stallation layer, consisting of insulation 
and batterns. The other layer is the 
insulation layer consisting of insula-
tion and I-profiles that keep the layers 
connected. In the two inhomogeneous 
layers the thermal conductivity is cal-
culated as an average, based on each 
materials share of the wall. 
The U-value is wished for the wall to 
be maximum 0,09 W/m2K, and the 
thickness of the insulation layer is 
ajusted to this. The insulation layer is 
therefor 365 mm.

U-value calculation in Ubakus. The 
U-values for the wall is checked up in 
the calculation tool Ubakus. 
The roof and the foundation are 
wished to have an U-value at max-
imum 0,08 W/m2K, and the the con-
struction of the envelopes are designed 
to perform that.

𝑈𝑈 = 1
𝑅𝑅𝑠𝑠𝑠𝑠 + ∑ 𝑅𝑅ℎ + ∑ 𝑅𝑅𝑖𝑖𝑖𝑖ℎ + 𝑅𝑅𝑠𝑠𝑠𝑠

𝑅𝑅ℎ = 𝑑𝑑ℎ
𝜆𝜆ℎ

𝑅𝑅𝑖𝑖𝑖𝑖ℎ = 𝑑𝑑𝑖𝑖𝑖𝑖ℎ
𝜆𝜆𝑖𝑖𝑖𝑖ℎ

𝜆𝜆𝑖𝑖𝑖𝑖ℎ = 𝐴𝐴𝑎𝑎𝜆𝜆𝑎𝑎 + 𝐴𝐴𝑏𝑏𝜆𝜆𝑏𝑏
𝐴𝐴𝑎𝑎 + 𝐴𝐴𝑏𝑏

𝜆𝜆𝑖𝑖𝑖𝑖ℎ1 = 𝐴𝐴𝑎𝑎1𝜆𝜆𝑎𝑎1 + 𝐴𝐴𝑏𝑏1𝜆𝜆𝑏𝑏1
𝐴𝐴𝑎𝑎1 + 𝐴𝐴𝑏𝑏1

=
0,015𝑚𝑚 ∗ 0,13 𝑊𝑊

𝑚𝑚𝐾𝐾 + 2,985𝑚𝑚 ∗ 0,037 𝑊𝑊
𝑚𝑚𝐾𝐾

0,015𝑚𝑚 + 2,985𝑚𝑚 = 0,0375 𝑊𝑊
𝑚𝑚𝑚𝑚

𝑅𝑅𝑖𝑖𝑖𝑖ℎ1 = 𝑑𝑑𝑖𝑖𝑖𝑖ℎ1
𝜆𝜆𝑖𝑖𝑖𝑖ℎ1

  =
0,0375 𝑊𝑊

𝑚𝑚𝑚𝑚
0,365𝑚𝑚 = 9,7424 𝑚𝑚2𝐾𝐾

𝑊𝑊

𝜆𝜆𝑖𝑖𝑖𝑖ℎ2 = 𝐴𝐴𝑎𝑎2𝜆𝜆𝑎𝑎2 + 𝐴𝐴𝑏𝑏2𝜆𝜆𝑏𝑏2
𝐴𝐴𝑎𝑎2 + 𝐴𝐴𝑏𝑏2

=
0,045𝑚𝑚 ∗ 0,13 𝑊𝑊

𝑚𝑚𝐾𝐾 + 0,555𝑚𝑚 ∗ 0,037 𝑊𝑊
𝑚𝑚𝐾𝐾

0,045𝑚𝑚 + 0,555𝑚𝑚 = 0,0440 𝑊𝑊
𝑚𝑚𝑚𝑚

𝑅𝑅𝑖𝑖𝑖𝑖ℎ2 = 𝑑𝑑𝑖𝑖𝑖𝑖ℎ2
𝜆𝜆𝑖𝑖𝑖𝑖ℎ2

=
0,044 𝑊𝑊

𝑚𝑚𝑚𝑚
0,045𝑚𝑚 = 1,0233 𝑚𝑚2𝐾𝐾

𝑊𝑊

𝑅𝑅ℎ1 = 𝑑𝑑ℎ1
𝜆𝜆ℎ1

= 0,01𝑚𝑚
0,13 𝑊𝑊

𝑚𝑚𝑚𝑚
= 0,0769 𝑚𝑚2𝐾𝐾

𝑊𝑊

𝑅𝑅ℎ2 = 𝑑𝑑ℎ2
𝜆𝜆ℎ2

= 0,0005𝑚𝑚
0,22 𝑊𝑊

𝑚𝑚𝑚𝑚
= 0,0023 𝑚𝑚2𝐾𝐾

𝑊𝑊

𝑅𝑅ℎ3 = 𝑑𝑑ℎ3
𝜆𝜆ℎ3

= 0,015𝑚𝑚
0,13 𝑊𝑊

𝑚𝑚𝑚𝑚
= 0,1154 𝑚𝑚2𝐾𝐾

𝑊𝑊

𝑈𝑈 = 1
𝑅𝑅𝑠𝑠𝑒𝑒 + ∑ 𝑅𝑅ℎ + ∑ 𝑅𝑅𝑖𝑖𝑖𝑖ℎ + 𝑅𝑅𝑠𝑠𝑖𝑖

= 1

0,04 𝑚𝑚2𝐾𝐾
𝑊𝑊 + 0,0769 𝑚𝑚2𝐾𝐾

𝑊𝑊 + 0,0023 𝑚𝑚2𝐾𝐾
𝑊𝑊 = 0,1154 𝑚𝑚2𝐾𝐾

𝑊𝑊 = 9,7424 𝑚𝑚2𝐾𝐾
𝑊𝑊 + 1,0233 𝑚𝑚2𝐾𝐾

𝑊𝑊 + 0,13 𝑚𝑚2𝐾𝐾
𝑊𝑊

= 0,0898 𝑊𝑊
𝑚𝑚2𝐾𝐾

 

Homogeneous layer 1:
Wind barrier, 10 mm, 0,13 W/mK

Homogeneous layer 2:
Vapour barrier, 0,5 mm, 0,22 W/mK

Homogeneous layer 3:
Plywood, 15 mm, 0,13 W/mK

Inhomogeneous layer 1, insulation:
Insulation, 365 mm, 0,037 W/mK
I-profiles, 365 mm, 0,13 W/mK

Inhomogeneous layer 2, installation:
Insulation, 45 mm, 0,037 W/mK
Batterns, 45 mm, 0,13 W/mK

All statements without guarantee
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Exterior wall
created on 30.4.2020Vægopbygning P10

Thermal protection

U = 0,09 W/(m²K)

EnEV Bestand*: U<0,24 W/(m²K)

excellent insufficient

Moisture proofing
Dries 18 days
Wood moisture: +0,8%
Condensate: 63 g/m²

excellent insufficient

Heat protection
Temperature amplitude damping: 69
phase shift: 17,2 h
Thermal capacity inside: 32 kJ/m²K

excellent insufficient

10
45

365
16
3030

52
6,

5

inside

outside

www.ubakus.de

6030

45 600

15 2985

45 555

1 2 3

4

5 6 7 8

1 Cross Laminated Timber (10 mm)
2 Seegrass (45 mm)
3 Vapor retarder sd=10m
4 Seegrass (365 mm)

5 Wind Barrier Cross Laminated Timber (16 mm)
6 Rear ventilated level (30 mm)
7 Rear ventilated level (30 mm)
8 Pine vertical cladding (30x60)

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,037 W/mK.

C-profile supporting construction, Seegrass

Horisontal batterns, Seegrass Wind Barrier Cross Laminated Timber Equivalent
insulation thickness

(WLS 037)

mm0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

DIN 4108

Wärm
eschutzVO 95

EnEV Bestand niedrig
e Ti

EnEV14 Neubau

   U
=0,25

EnEV Bestand

EnEV16 Neubau

ESanMV U=0,2

KfW
 Einzelmaßn.

Neubau KfW
 55

EWärm
eG BW

3-Liter-H
aus U=0,15

Neubau KfW
 40

Passivhaus U=0,1

Inside air : 20,0°C / 50%
Outside air: -5,0°C / 80%
Surface temperature.: 19,1°C / -4,9°C

sd-value: 14,1 m
Thickness: 52,6 cm
Weight: 48 kg/m²
Heat capacity: 65 kJ/m²K

Page 1*Comparison to the maximum U-value according to the german EnEV 2014/2016 for  first-time installation or renewal of Außenwänden (Anlage 3,
Tabelle 1, Zeile 1).

Homogeneous layer 1

Homogeneous layer 3

Homogeneous layer 2

Inhomogeneous layer 1

Inhomogeneous layer 2
15mm 2985mm

600mm 45mm
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All statements without guarantee
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Exterior wall
created on 30.4.2020Vægopbygning P10

Thermal protection

U = 0,09 W/(m²K)

EnEV Bestand*: U<0,24 W/(m²K)

excellent insufficient

Moisture proofing
Dries 18 days
Wood moisture: +0,8%
Condensate: 63 g/m²

excellent insufficient

Heat protection
Temperature amplitude damping: 69
phase shift: 17,2 h
Thermal capacity inside: 32 kJ/m²K

excellent insufficient

10
45

365
16
3030

52
6,

5

inside

outside

www.ubakus.de

6030

45 600

15 2985

45 555

1 2 3

4

5 6 7 8

1 Cross Laminated Timber (10 mm)
2 Seegrass (45 mm)
3 Vapor retarder sd=10m
4 Seegrass (365 mm)

5 Wind Barrier Cross Laminated Timber (16 mm)
6 Rear ventilated level (30 mm)
7 Rear ventilated level (30 mm)
8 Pine vertical cladding (30x60)

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,037 W/mK.

C-profile supporting construction, Seegrass

Horisontal batterns, Seegrass Wind Barrier Cross Laminated Timber Equivalent
insulation thickness

(WLS 037)

mm0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

DIN 4108

Wärm
eschutzVO 95

EnEV Bestand niedrig
e Ti

EnEV14 Neubau

   U
=0,25

EnEV Bestand

EnEV16 Neubau

ESanMV U=0,2

KfW
 Einzelmaßn.

Neubau KfW
 55

EWärm
eG BW

3-Liter-H
aus U=0,15

Neubau KfW
 40

Passivhaus U=0,1

Inside air : 20,0°C / 50%
Outside air: -5,0°C / 80%
Surface temperature.: 19,1°C / -4,9°C

sd-value: 14,1 m
Thickness: 52,6 cm
Weight: 48 kg/m²
Heat capacity: 65 kJ/m²K

Page 1*Comparison to the maximum U-value according to the german EnEV 2014/2016 for  first-time installation or renewal of Außenwänden (Anlage 3,
Tabelle 1, Zeile 1).

All statements without guarantee
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Floor
created on 30.4.2020Fundamentopbygning P10

Thermal protection

U = 0,08 W/(m²K)

EnEV Bestand*: U<0,3 W/(m²K)

excellent insufficient

Moisture proofing
No condensate

excellent insufficient

Heat protection
Component is adjacent to earth:
TAV and phase non relevant
Thermal capacity inside: 244 kJ/m²K

excellent insufficient

100

125

200

400

82
5,

5

www.ubakus.de

1

2
3

4

5

6

1 Concrete (100 mm)
2 Insulation and underfloor heating (125 mm)

3 Radon barrier
4 Insulation/Polystyrene (200 mm)

5 Sea shells (400 mm)
6 Soil

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,035 W/mK.

Insulation/Polystyrene (EPS 035) Sea shells

Insulation and underfloor heating Equivalent
insulation thickness

(WLS 035)

mm0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460

DIN 4108

Wärm
eschutzVO 95

EnEV14 Neubau

EnEV Bestand

EnEV16 Neubau

ESanMV U=0,25

KfW
 Einzelmaßn.

EWärm
eG BW

Neubau KfW
 55

  U
=0,2

Neubau KfW
 40

3-Liter-H
aus U=0,15

Passivhaus U=0,1

Inside air : 20,0°C / 50%
Ground: 0,0°C / 100%
Surface temperature.: 19,6°C / 0,1°C

sd-value: 33,6 m
Thickness: 82,5 cm
Weight: 280 kg/m²
Heat capacity: 318 kJ/m²K

Page 1*Comparison to the maximum U-value according to the german EnEV 2014/2016 for  first-time installation or renewal of Decken nach unten gegen
Erdreich oder unbeheizte Räume (Anlage 3, Tabelle 1, Zeile 5a).

All statements without guarantee
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Floor
created on 30.4.2020Fundamentopbygning P10

Thermal protection

U = 0,08 W/(m²K)

EnEV Bestand*: U<0,3 W/(m²K)

excellent insufficient

Moisture proofing
No condensate

excellent insufficient

Heat protection
Component is adjacent to earth:
TAV and phase non relevant
Thermal capacity inside: 244 kJ/m²K

excellent insufficient

100

125

200

400

82
5,

5

www.ubakus.de

1

2
3

4

5

6

1 Concrete (100 mm)
2 Insulation and underfloor heating (125 mm)

3 Radon barrier
4 Insulation/Polystyrene (200 mm)

5 Sea shells (400 mm)
6 Soil

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,035 W/mK.

Insulation/Polystyrene (EPS 035) Sea shells

Insulation and underfloor heating Equivalent
insulation thickness

(WLS 035)

mm0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460

DIN 4108

Wärm
eschutzVO 95

EnEV14 Neubau

EnEV Bestand

EnEV16 Neubau

ESanMV U=0,25

KfW
 Einzelmaßn.

EWärm
eG BW

Neubau KfW
 55

  U
=0,2

Neubau KfW
 40

3-Liter-H
aus U=0,15

Passivhaus U=0,1

Inside air : 20,0°C / 50%
Ground: 0,0°C / 100%
Surface temperature.: 19,6°C / 0,1°C

sd-value: 33,6 m
Thickness: 82,5 cm
Weight: 280 kg/m²
Heat capacity: 318 kJ/m²K

Page 1*Comparison to the maximum U-value according to the german EnEV 2014/2016 for  first-time installation or renewal of Decken nach unten gegen
Erdreich oder unbeheizte Räume (Anlage 3, Tabelle 1, Zeile 5a).

All statements without guarantee
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Floor
created on 30.4.2020Fundamentopbygning P10

Thermal protection

U = 0,08 W/(m²K)

EnEV Bestand*: U<0,3 W/(m²K)

excellent insufficient

Moisture proofing
No condensate

excellent insufficient

Heat protection
Component is adjacent to earth:
TAV and phase non relevant
Thermal capacity inside: 244 kJ/m²K

excellent insufficient

100

125

200

400

82
5,

5

www.ubakus.de

1

2
3

4

5

6

1 Concrete (100 mm)
2 Insulation and underfloor heating (125 mm)

3 Radon barrier
4 Insulation/Polystyrene (200 mm)

5 Sea shells (400 mm)
6 Soil

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,035 W/mK.

Insulation/Polystyrene (EPS 035) Sea shells

Insulation and underfloor heating Equivalent
insulation thickness

(WLS 035)

mm0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460

DIN 4108

Wärm
eschutzVO 95

EnEV14 Neubau

EnEV Bestand

EnEV16 Neubau

ESanMV U=0,25

KfW
 Einzelmaßn.

EWärm
eG BW

Neubau KfW
 55

  U
=0,2

Neubau KfW
 40

3-Liter-H
aus U=0,15

Passivhaus U=0,1

Inside air : 20,0°C / 50%
Ground: 0,0°C / 100%
Surface temperature.: 19,6°C / 0,1°C

sd-value: 33,6 m
Thickness: 82,5 cm
Weight: 280 kg/m²
Heat capacity: 318 kJ/m²K

Page 1*Comparison to the maximum U-value according to the german EnEV 2014/2016 for  first-time installation or renewal of Decken nach unten gegen
Erdreich oder unbeheizte Räume (Anlage 3, Tabelle 1, Zeile 5a).

All statements without guarantee
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Floor
created on 30.4.2020Fundamentopbygning P10

Thermal protection

U = 0,08 W/(m²K)

EnEV Bestand*: U<0,3 W/(m²K)

excellent insufficient

Moisture proofing
No condensate

excellent insufficient

Heat protection
Component is adjacent to earth:
TAV and phase non relevant
Thermal capacity inside: 244 kJ/m²K

excellent insufficient

100

125

200

400

82
5,

5

www.ubakus.de

1

2
3

4

5

6

1 Concrete (100 mm)
2 Insulation and underfloor heating (125 mm)

3 Radon barrier
4 Insulation/Polystyrene (200 mm)

5 Sea shells (400 mm)
6 Soil

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,035 W/mK.

Insulation/Polystyrene (EPS 035) Sea shells

Insulation and underfloor heating Equivalent
insulation thickness

(WLS 035)

mm0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460

DIN 4108

Wärm
eschutzVO 95

EnEV14 Neubau

EnEV Bestand

EnEV16 Neubau

ESanMV U=0,25

KfW
 Einzelmaßn.

EWärm
eG BW

Neubau KfW
 55

  U
=0,2

Neubau KfW
 40

3-Liter-H
aus U=0,15

Passivhaus U=0,1

Inside air : 20,0°C / 50%
Ground: 0,0°C / 100%
Surface temperature.: 19,6°C / 0,1°C

sd-value: 33,6 m
Thickness: 82,5 cm
Weight: 280 kg/m²
Heat capacity: 318 kJ/m²K

Page 1*Comparison to the maximum U-value according to the german EnEV 2014/2016 for  first-time installation or renewal of Decken nach unten gegen
Erdreich oder unbeheizte Räume (Anlage 3, Tabelle 1, Zeile 5a).

All statements without guarantee
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Flat roof
created on 30.4.2020Tagopbygning P10

Thermal protection

U = 0,08 W/(m²K)

EnEV Bestand*: U<0,2 W/(m²K)

excellent insufficient

Moisture proofing
Dries 59 days
Wood moisture: +0,2%
Condensate: 11 g/m²

excellent insufficient

Heat protection
Temperature amplitude damping: >100
phase shift: non relevant
Thermal capacity inside: 35 kJ/m²K

excellent insufficient

10
45

420

10
5

49
0,

5

www.ubakus.de
15 2985

45 555

1 2 3

4

5 6

1 Cross Laminated Timber (10 mm)
2 Seegrass (45 mm)

3 Vapor barrier sd=100m
4 Seegrass (420 mm)

5 Cross Laminated Timber (10 mm)
6 Roofing felt

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,037 W/mK.

C-profile supporting construction, Seegrass

Horisontal batterns, Seegrass Equivalent
insulation thickness

(WLS 037)

mm0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480
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excellent insufficient

Moisture proofing
Dries 59 days
Wood moisture: +0,2%
Condensate: 11 g/m²

excellent insufficient

Heat protection
Temperature amplitude damping: >100
phase shift: non relevant
Thermal capacity inside: 35 kJ/m²K
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Foundation construction:
0,08 W/m2K

Roof construction:
0,08 W/m2K

Wall construction:
0,09 W/m2K



7

APPENDIX 5
Screenshots from BSim

Model 1: Classroom Model 2: Common room
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APPENDIX 6
Dimensioning of the pipes. The to-
tal volume of air for the whole school 
building is approximately 22000 m3/t. 
The biggest volume of air that need to 
be moved longest, is 4200 m3/t, equal 
to 1,2 m3/s. 

Because of the building form, it will be 
preferred with three ventilation plants, 
placed strategically due to pressure 
loss and the length of the pipes. The 
chosen ventilation plants are two Nilan 
VPN 1200 Cleanroom, which both can 
cover volume of air from 3600 m3/h to 
22000 m3/h and two smaller plants for 
the craft  and science part. Therefore 
the two main technical rooms needs to 
be at least 4,5 m x 2,7 m to be able 
to facilitate the plant and a sufficient 
service area. 

Since The Danish Building Regula-
tions prescribes a maximum noise 
from pipes in meeting rooms on 30 dB 
(section 17 - Noise (§ 368 - § 376), ta-
ble 5.2), this project strives to achieve 
this noise level in workrooms. There-
fore, the air velocity must not exceed 9 
m/s in the distribution pipes, in rooms 

with visible pipes.
 
The maximum ventilation rate on 1,2 
m3/s, to secure a sufficient indoor en-
vironment in one floor of the pre-pre-
paratory classes and the after school 
care, the maximum dimension of the 
pipes in the distribution part should 
be 400 mm, as shown on the pressure 
loss diagram. 




