
    



    



    



 

  

  
 
 

 
 

  

  

  

  
  
  
  
  
  

  
  
  
  

  

  

  
  

  
  
  

  
  
  
  
  

  
  



  
  

  
  
  
  
  
  
  

  
  
  
  
  

  
  
  
  
  
  
  
  
  

  
  
  
  
  

  
  

  
  

  
  
  
  

  
  
  

  



  
  

  
  
  

  
  

  

  
  
  

  

  
  
  

  
  

  
  
  
  
  
  

  
  

  
  
  
  

 
 

  
  
  

  
  
  
  
  



  



ܾ

ܾ

ܿ

ܿ

ܥ

D

ܦ

ܦ

)ܦ )

݁

ܧ

݂

ܨ

g

ℎ

ܪ mN
3

ܫ

݇

݇

ܮ

ܮ

݉̇

݊

݊

ܷܰܶ



ܲ

ܲ

ݎܲ

ݍ

ܳ



ܳ

ܳ̇

ݎ

ܴ

ܴ

ܴ

R2

ܴ݁

ݐ

ܶ

ܷ

ݑ

ݒ

ܸ̇

ݓ

ܹ̇

ݔ

ݔ

ݕ

,ߚ,ߙ ,ߛ ߜ

ߚ

ߙ

∆

߳

߳ଶ

ߝ

ߟ

ߟ

ߣ

 ߣ

ߦ

ߩ

ߪ

ߪ

ߪ

߬



′ ′′

















GUEK =
Nutzkälte

Antriebswärme
=
ܳ̇Verdampfer

ܳ̇Generator
≈
ܳ̇Generator − ܳ̇Bindung

ܳ̇Generator
= 1 −

ܳ̇Bindung

ܳ̇Generator

GUEH =
Nutzwärme

Antriebswärme
=
ܳ̇Absorber + ܳ̇Kondensator

ܳ̇Generator
≈
ܳ̇Generator + ܳ̇Kondensator

ܳ̇Generator

= 1 +
ܳ̇Kondensator

ܳ̇Generator







ܳ̇ே் =
ܲ

ܳ̇ு்

݉̇
ு்ܶ − ே்ܶ

ߟ

ߟ =
COP
CARNOTߟ

=
ܳ̇ு்/ܲ

ு்ܶ/( ு்ܶ − ே்ܶ)

ு்ܶ − ே்ܶ

EER =
Nutzwärme

Antriebsleistung
=
ܳ̇ே்
ܲ

≈
ܳ̇ு் − ܲ

ܲ

ܲ

ܳ̇ு்

ܳ̇ே்

ܳ̇ୣ୰୪୳ୱ୲

4 1

23



ܴܧܧ ≈ ܱܲܥ − 1

ଶܶ = ଷܶ = ு்ܶ ଵܶ = ସܶ = ே்ܶ

→



GUEH =
Nutzwärme

Antriebswärme
=
ܳ̇Motor- und Abgas-Abwärme + ܳ̇WP

ܳ̇Gas

GUEH =
0,9 ∙ ൫ܳ̇Gas − mܲech,eff൯ + mܲech,eff ∙ COPH

ܳ̇Gas
= 0,9 ∙ (1 − (ெߟ + ெߟ ∙ COPH

= 0,9 + ெߟ ∙ (COPH − 0,9)









WÜܣ = ொ̇
 ∆்



∆ ܶ

∆ ܶ = ൫ భ்
ᇲି మ்

ᇲᇲ൯ି൫ భ்
ᇲᇲି మ்

ᇲ൯

୪୬ ቆ
భ
ᇲ షమ

ᇲᇲ

భ
ᇲᇲషమ

ᇲ ቇ

ܳ̇ = ݉̇ ∙ ܿ ∙ ( ଵܶ
ᇱᇱ− ଵܶ

ᇱ)

݉̇ ܿ

̇ࡽ















݂ = ܳ/ܳு

݂ா

ܷா,

ܷா, = ܳு ቆ ݂ா, ∙
1

COPு,
+ ݂ா, ∙

݂

COP,
 ቇ

ܳு

ࡴࡽ/ࡷࡽ







( ߶ߩ)߲
ᇣᇧᇤᇧᇥݐ߲


+
ݒ߶ߩ)߲  )
ᇣᇧᇧᇤᇧᇧᇥݔ߲


=
( ܬ)߲
ᇣᇤᇥݔ߲


+ ⏟ܵ
௩

ݒ
ߩ

ݔ

ࣘ ࡶ  ࡿ

ݓ ܦ−
ݓ߲

ݔ߲
ݎ

ݒ ߪ ݃ߩ

ܿܶ ߣ
߲ ܶ

ݔ߲
− ݓܦߩ

߲(∆ℎ୮ୟ୰୲,,)
ݔ߲

߳ − ൬
߲lnߩ
߲lnܶ

൰
,௪

D
Dݐ

+ ∆ℎ୮ୟ୰୲,,ݎ + ݍ̇ߩ

݅, ݆, ݇ = ,ݕ,ݔ  ݖ ݈,݉

ݓ
ܦ ݎ

ݒ ߪ
߳݅݇

݃

ܿ ߣ ߲ܶ ⁄ݔ߲
ܦ ݓ߲ ⁄ݔ߲

Δℎ୮ୟ୰୲,,
߳݅݇, ∆ℎ୮ୟ୰୲,,ݎ

ݍ̇
(߲lnߩ/߲lnܶ),௪D/Dݐ



Bi = ܮ ߣ/ܮߙ ߣ
ߙ
ߣ

ܳ̇
ܳ̇ௌ௧ܳ̇

݉̇ଶ, ,ଶܣ,ଶݒ ଶܶ , ଶ

݉̇ଵ, ଵݒ ଵܣ, , ଵܶ , ଵ

ௌ௧ܣ,ܣ , 
Δୣ୰୪,ܥ ,

ߣ

Δݔ ܲ



݉̇

݉̇ଶ = ݉̇ଵ = ݉̇

−
dܧ
dݐ

= ݉̇௨௦

 

൬ℎ௨௦ +
1
2
௨௦ଶݒ + ௨௦൰ݔ݃ −݉̇

 



൬ℎ +
1
2
ଶݒ + ൰ݔ݃ − Σܳ̇

− Σܲ,

dܧ
dݐ

= ݉̇ ൭ℎଵ − ℎଶ +
ଵଶݒ − ଶଶݒ

2
+ ଵݔ)݃ − ଶ)൱ݔ + ܳ̇ௌ௧ + ܳ̇ + ܳ̇ + ܳ̇ + ܲ,

dܧ/dݐ ℎ
ݒ ଵݔ)݃ − (ଶݔ

ܳ̇ௌ௧ = )ߪௌ௧ܣߝ ܶ
ସ − ܶସ)

ܳ̇ = )ܣ݇ ܶ − ܶ) ܶ

ܳ̇, = )ݏ/ܣߣ ܶ − ܶାଵ) ܳ̇
ܲ

݀ℎ = ܿ݀ܶ +  ଵ݀ିߩ

ܥ
d ଶܶ

dݐ
= ݉̇ ൭ܿ( ଵܶ − ଶܶ) +

ଵ − ଶ
ߩ

 +
ଵଶݒ − ଶଶݒ

2
+ ଵݔ)݃ − ଶ)൱ݔ + ܳ̇ௌ௧ + ܳ̇ + ܳ̇ + ܲ

+ ܳ̇

Δ = ଶ/2ݒ ߩ௩ߦ
Δ = ଶ̇݉ ߦ ℎ(ܶ), ܿ(ܶ) (ܶ)ߩ

dܧ/dݐ = ݐdܶ/dܥ ܥ
݉ ∙ ܿ

ܳ̇)



ଶ − ଵ = ଶଶݒ 0 − ଵଶݒ

ܳ̇

ܥ
d ଶܶ

dݐ
= ݉̇ܿ( ଵܶ − ଶܶ) + ܣ݇ ൬ ܶ −

ଶܶ + ଵܶ

2
൰ + ܳ̇  

ܶ̇ଶ = ଶܶ ൬−
݉̇ܿ
ܥ

−
ܣ݇

ܥ2
൰ + ଵܶ ൬

݉̇ܿ
ܥ

−
ௐܣ݇

ܥ2
൰ +

ܳ̇
ܥ

+
ௐܣ݇

ܥ
ܶ

୭୦୰ୖܥ
d ଷܶ

dݐ
= ݉̇ܿ( ଶܶ − ଷܶ) + ୭୦୰ୖܣ݇ ൬ ܶ −

ଷܶ + ଶܶ

2
൰ + )ݏ/ܣߣ ଶܶ − ଷܶ) 

ܶ̇ଷ = ଷܶ ൬−
݉̇ܿ
୭୦୰ୖܥ

−
୭୦୰ୖܣ݇
୭୦୰ୖܥ2

−
ܣߣ
୭୦୰ୖܥݏ

൰ + ଶܶ ൬−
݉̇ܿ
୭୦୰ୖܥ

+
୭୦୰ୖܣ݇
୭୦୰ୖܥ2

+
ܣߣ
୭୦୰ୖܥݏ

൰ +
୭୦୰ୖܣ݇
୭୦୰ୖܥ

ܶ

࢛ ࢟ ࢞  
 ࡰ

̇࢞ = ࢞ +  ࢛
࢟ = ࢞ + ࢛ࡰ

࢞ =  ଶܶ

ܶ
൨ , =  ቈ−

̇
ాే

− ాే
ଶాే

0

0 0
 ࢛, = 

ଵܶ

ܶ

ܳ̇
 ,  = ቂቀ

̇
ాే

− ಳೈ಼
ଶాే

ቁ ಳೈ಼
ాే

 + ଵ
ాే

ቃ , 

  = ࡰ,[1 1] = [0] 

࢞ = [ ଷܶ], =  ቈ−
̇
౨

− ౨
ଶ౨

− ఒಽ
௦౨

0

0 0
 ࢛, =  ଶܶ

ܶ
൨ ,  = ቂቀ−

̇
౨

+ ౨
ଶ౨

+ ఒಽ
௦౨

ቁ + ౨
౨

ቃ,

  = ࡰ,[1 1] = [0]

̇࢞̇࢞
൨ =   

 
൨ ቂ
࢞
ቃ࢞ +  

ࡰ
൨࢛ 

࢟ = [  ࡰ] ቂ
࢞
ቃ࢞ + [࢛][ࡰ ࡰ]

1 2 3

ଵݑ ଵݕ = ଶݑ ଶݕ = ଷݕ …



ܶ

݉̇



ߦ







ܨ = ∑ ∑ ݔ൫ܦ , ܿ൯
ୀଵ


ୀଵ





തതതതࡳ̇ࡳ തതതതࢁࢀ തതതതࢀ തതതത̇ࢂ

തതതതீܩ̇ ܶതതത ܶഥ ܸ̇തതത

























ܳ̇ௌ

ܳ̇ே

௧ݑ =
ܳ̇ௌ
ܳ̇ே

=
݉ ∙̇ ܿ ∙ ( ௌܶ − ܶ)

ܳ̇ே
.









1.

2.

4.
3. 9.

5.

6.
8.

7.









(ݐ)ߴ = ൫1ߴ + ܽ ∙ sin(ܾ ∙ ݐ + ܿ)൯

ߴ

ܾ ܾ = ߨ ∙ 2/365
ߴ ܽ ܿ



(ݐ)Jߴ = ߴ ቀ1 + ߙ ∙ ݁ఉ∙ణsin൫ܾ ∙ ݐ + ߛ ∙ ఋߴ ൯ቁ

ߙ ߚ ߛ ߜ

ߪ

(ܶ∆)ߪ
ଶߪ ∆ܶതതതത

ܰ(∆ܶതതതത,ߪଶ) = ଵ
√ଶ గ ఙ

݁ି,ହ((∆்ି∆்തതതത)/ఙ)మ



T݂
Jߴ





°

°
°

°
°



Jߴ T݂

ࣖ
J

Tࢌ

̇
A

bw
asser

̇
R

egen



ܶ = Aܶbwasser ∙ ݉̇Abwasser + Rܶegen ∙ ݉̇Regen

݉̇Abwasser + ݉̇Regen
 

ݒ ݃
ߣ ܴ ܫ



ݒ =  ඨ
8݃
ߣ
∙ ඥܴ ∙ ඥܫ,

ߣ ܴ
ℎ

ܴ =  
ଶܴߨ − ൬ܴ

ଶ

2 ൰ ∙ ቆ2ߨ − 2 ∙ arccos ቀ1 − ℎ
ܴቁ − sinቆ2ߨ − 2 ∙ arccos ቀ1 − ℎ

ܴቁቇቇ

2 ∙ arccos ቀ1 − ℎ
ܴቁ ∙ ܴ

.

ܴ = 2/ܦ

ߣ
݇௦

ߣ =
1

4 ∙ lg ൬݇௦/4ܴ
3,7 ൰൨

ଶ.

ݒ
ܣ

ܸ̇ = ݒ ∙ .ܣ

ℎ ⁄ܦ  
ℎ ⁄ܦ = 0,94 ,ߣ ܫ

ܫ = 1/4100 D = 2,4
݇௦ = 1,8



۲ = , ܕ
ࡵ = /  ࢙ =  ,ૡ ܕ









ܹ̇ ݉̇
ܿ, ݅

ܹ̇ = ݉̇ ∙ ܿ,

ܷܰܶAbwasser =  
݇ ∙ ܣ

ܹ̇Abwasser

 ൫ܴAbwasser = ܹ̇Abwasser ܹ̇Wärmeträgerൗ ൯

Gܲleichstrom =
1 − Abwasserܷܶܰ−]ݔ݁ ∙ (1 + ܴAbwasser)]

1 + ܴAbwasser

Gܲegenstrom =
1 − Abwasserܴ)]ݔ݁ − 1) ∙ ܷܰܶAbwasser]

1 − ܴAbwasser ∙ Abwasserܴ)]ݔ݁ − 1) ∙ ܷܰܶAbwasser]

Aܶbwasser,aus = Aܶbwasser,ein − ܲ ∙ ൫ Aܶbwasser,ein − Wܶärmeträger,ein൯

ܳ̇ = ܹ̇Abwasser ∙ ൫ Aܶbwasser,ein − Aܶbwasser,aus൯

therm,iܥ

݀ Aܶbwasser,aus[݊]
ݐ݀

=
1

therm,  Abwasserܥ
൫݉̇Abwasser ∙ ܿ,Abwasser ∙ ൫ Aܶbwasser,ein − Aܶbwasser,aus[݊]൯ − ܳ̇൯

݀ Wܶärmeträger,aus[݊]
ݐ݀

=
1

therm,Wärmeträgerܥ
൫݉̇Wärmeträger ∙ ܿ,Wärmeträger ∙ ൫ Wܶärmeträger,ein − Wܶärmeträger,aus[݊]൯ + ܳ̇൯



ܶ =
1
݊
∙ ܶ



ୀ

.

ߙ ߙ  ܴ)

݇ = ൬
1
ߙ

+ ܴ +
1
ߙ
൰
ିଵ

.

ܴ݁ =
∙ ݒ ߩ ∙  ܮ

ߟ
,

ݎܲ =
ߟ ∙ ܿ  
ߣ

.

ߟ ܿ ߣ ߩ

ݒ = ̇ܣ/ܸ̇

̇ܣ

̇ࢂ

ݑܰ =
ߙ ∙  ܮ
ߣ

.

ܮ
ܮ = ܦ = 2 ∙ ݏ

SW SW SW SW SW

ܤ = ܮ/ܣ

̇ܣ = ݏ ȉ ܤ − ݊ + 1 ȉ ܹܵݏ /݊

ݏ

ௌௐݏ



ݑܰ = 4,86 +
0,061 ∙ ቀܴ݁ ∙ ݎܲ ∙

ܦ
ܮ
ቁ
ଵ,ଶ

1 + 0,091 ∙ ቀܴ݁ ∙ ݎܲ ∙
ܦ
ܮ
ቁ
,ଵ

ܮ/ܦ

ݑܰ = ඨቆ
0,037 ∙ ܴ݁

,଼ ∙ ݎܲ
1 + 2,443 ∙ ܴ݁

ି,ଵ ∙ ݎܲ)
ଶ/ଷ − 1)

ቇ
ଶ

+ ൫0,664 ∙ ܴ݁
,ହ ∙ ݎܲ

ଵ/ଷ൯
ଶ

ܴ = 0,9 
ݒ > 1

ܴ݁ > 5 ∙ 10ହ



ܴ = 0,9 





ܳ̇ீ௦,௫

PowerControl,minݑ

ௌܲ

ிܲ

ܲ௧

߬ை்,ௌ

߬ை்,ி

ே்ܥ   ு்ܥ,
߬ே் , ߬ு்

்߬,ே் , ்߬,ு்

்ܣ݇ , ு்ܣ݇
݊ு்

߬.ௗ , ߬.௧

ቂߦଵ,ு்/ே்  / , /ଶ,ு்/ே்ߦ 


, /ଷ,ு்/ே்ߦ   ቃ 

,௨/−൧ߟൣ





3 V, 10 V



ܸ̇ு்
ܸ̇ு்

ܸ̇ே்
ܸ̇ே்

ܸ̇ே்
ܸ̇ே்

ܸ̇ு்
ܸ̇ு்



ܳ̇ு் = ܳ̇ீ௦ + ܳ̇ே் − ܳ̇     ห∙ 1/ܳ̇ீ௦

ு்ܧܷܩ = 1 + ே்ܧܷܩ − ܳ̇/ܳ̇ீ௦     ฬ∙
1

1 + ே்ܧܷܩ

ு்ܭ =
ு்ܧܷܩ

ே்ܧܷܩ + 1
= 1 −

ܳ̇
ܳ̇ீ௦ ∙ (1 + (ே்ܧܷܩ

= 1 − 0,0015
1
K
∙ ( ܶு் − ܶ)



ு்ܭ

ܳ̇
ܳ̇௨௦௧, ܳ̇ௌ

ு்ܭ
ࢀࡴࡷ
ܶு்
ܶ
ு்ܭ

ܳ̇ , 
ܥ ,

τ்,,௬ௗ

݉̇ ȉ  ܿ ȉ ܶ, ݉̇ ȉ  ܿ ȉ ܶ,௨௦

ܳ̇௨௦௧,

ܳ̇ௌ, = ݉̇ ȉ  ܿ ȉ ܶ, − ܶ,௨௦



ܥ
݀ ܶ,௨௦

ݐ݀
= ܳ̇ +  ܳ̇Med, + ܳ̇Verlust, 

ܥ
݀ ܶ,௨௦

ݐ݀
= ܳ̇ + ݉̇ ∙ ܿ ∙ ൫ ܶ,  − ܶ, ௨௦൯ +  kA,,ݑ ∙ ,ܣ݇   ∙ ൫ ܶ − ܶ,൯

ೕ,ೖ



ܶ,௨௦ = ܶ,௨௦(ݐ − ்߬,,௬ௗ)

kA,,ݑ

ܳ̇Verlust,, = kA,,ݑ ∙ ,ܣ݇   ∙ ൫ ܶ − ܶ,൯
ೕ,ೖ  

,ܣ݇ ܶ,

ܶ

݊,)

݇ = {1,2 kA,,ݑ

7.  Δ = Δ ܶ , ܸ̇

2. ܳ̇ே் = ܳ̇ ܶு் ,ே்  , ்߬,ே் , ߬ே் 5. τ்,ே் ,௬ௗ

3. ܳ̇௨௦௧

1. ܳ̇ௌ = ݉̇ே் ȉ  ܿ ȉ ܶே், − ܶே்,௨௦ 6. ܳ̇ே்
∗



∆ = ଵߞ) ∙ ݉̇ଶ + ଶߞ ∙ ݉̇) ∙ ൫1 − ଷߞ ∙ (ܶ + 273)൯

ܲ௨ =
݉̇ ∙ ∆
ߩ ∙ ௨ߟ

Δ = ଵߞ ȉ ݉̇ଶ + ଶߞ ȉ ݉̇ ȉ 1 − ଷߞ ȉ ܶ + 273
ଵߞ
ଶߞ
ଷߞ

162696
34300
2,1919E-03

Δ = ଵߞ ȉ ݉̇ଶ + ଶߞ ȉ ݉̇ ȉ 1 − ଷߞ ȉ ܶ + 273
ଵߞ
ଶߞ
ଷߞ

189361
78065

2,6537E-03



ܳ̇ீ௦,௫

PowerControl,minݑ

ௌܲ

ிܲ

ܲ௧

߬ை்,ௌ

߬ை்,ி

/ ு்ܥ,ே்ܥ

߬ே், ߬ு்

்߬,ே், ்߬,ு்

்ܣ݇ , ு்ܣ݇

݊ு்

߬.ௗ , ߬.௧

்ܣ݇ , HT,Lüfterܣ݇

ቂߦଵ,ு்/ே் / , /ଶ,ு்/ே்ߦ 


, /ଷ,ு்/ே்ߦ   ቃ 

,௨/−൧ߟൣ



ܸ̇NT 

ܸ̇HT 

ܸ̇Gas 

ܶWP,HT,ein  

ܶWP,NT,ein  

WܶP,NT,aus 

WܶP,HT,aus  



WܶP,NT,ein

ௐܶ,ு்,

ௐܶ,ு்,

ܭ ∫ ݐ݀(ݐ)݁
(ݐ)݁ = NܶT,Soll − TܶRC7

(ݐ)ݑ =
ܳ̇୭୰ୱ୲ୣ୳ୣ୰୳୬(ݐ)
ܳ̇max, Heizpatronen

∙ 0,9 ∙ 10 ܸ + ܭ න݁(ݐ)݀ݐ

(ݐ)ݑ =
݉̇NT(ݐ) ∙ ܿ ∙ ( ே்ܶ,ௌ − ்ܶோ(ݐ))

ܳ̇max, Heizpatronen
∙ 9 ܸ + ܭ න݁(ݐ)݀ݐ







(ݐ)݁
(ݐ)

ܬ = ∫ ݐଶ d(ݐ)݁
ܬ ̅ ߂ iܶst-sollതതതതതതതതതത 

ܬ ̅ = ߂ iܶst-sollതതതതതതതതതത =
1

ݐ − ଵݐ
 |e(t)|



ୀଵ
ݐ߂

=
1

ݐ − ଵݐ
 ห iܶst,i − sܶoll,ห



ୀଵ
  ݐ߂

 

ݐ − (ଵݐ



࢛

.V2,extݑ
(ݐ)݁

.V3,intݑ =

݉̇ = 0 →  ܳ̇ = 0 









ܳ̇ே் = ܳ̇ ∙ GUENT( ܶ,ு் , ܶ,ே்))



→







̇



̇



̇



̇



̇

̇



Sܶpeicher,0

WP,Simݑ

BWK,Simݑ



̇



VܶL,Soll



̇

̇



̇







̇



ݕ = ܭ + ܮ ∙ ݔ





+  ܳ





∙ ଶݔ +   ,ܮ



ୀାଵ

∙ ݔ ∙ ݔ

ିଵ

ୀଵ

+    ,,ܮ



ୀାଶ

∙ ݔ ∙ ݔ ∙ ݔ

ିଵ

ୀାଵ

ିଶ

ୀଵ

ܮ ܳ

,ܮ ,,ܮ ݔ
ݔ

ܾ,



∑߳ଶ

ܾ
߳komb = ଶ߳∑ߚ + ଶܾ∑ߙ ߙ ߚ



ܳ̇ு

ܳ̇



Komfort-Grenzwert = 1% ∗ ൬
Stunden

Tag
∗

Tag
Jahr

൰ ∗ 2 K





ܷ ܧ
݂

ܷ = ܧ,ௌ௧  ∙ ݂,ௌ௧ ାܧ,ாௗ௦  ∙ ݂,ாௗ௦  


ୀଵ



ୀଵ

JGK = ாܣ − ܣ) + ܣ + ܣ + (ௌܣ

ܣ = ܣ ∙ ܽ

ݍ = 1 + Zins



ܣ =   ܧ ∙  ∙ ܾ, ∙ ܽ

{Gas, Strom}



ܾ =  
1 − ቀݎݍ ቁ

௧

ݍ − ݎ

ݍ = ݎ ܾ = ݍ/ݐ

ܣ = ܽ ቀݐ ∙  ∙ ܾ + ܣ ∙ ܾூ ∙ ൫୍݂୬ୱ୲ + ݂ା୍୬ୱ୮ ൯ቁ

R2 ϵmed  ϵmax











AAbwࢀ K̇ࡽ KKMۯۺ

Abwࢀ K̇ࡽ KKMۯۺ



AAbwࢀ Ḣࡽ BWKۯۺ



AAbwࢀ Ḣࡽ BWKۯۺ

ௐÜܣ ∝

∝ ܳ ̇ ௐ



∝ WWÜ

∝ BWK̇ࡽ

WÜ

BWK̇ࡽ Abwࢀ Ḣࡽ



WWÜ

KKṀࡽ Abwࢀ

H,K̇ࡽ





ு௭ߚ

üߚ











₂

₂



₂

₂





ܳ = ܳ̇ ∙ 1800 









→

→













ܰୣ୰ୱ୭୬ୣ୬ =
ୟ୳୫ୖܣ

15 m²/Person



ܰୟ୫୮ୣ୬ =

500 lm/mଶ ∙ ୟ୳୫ୖܣ
90 lm

W
58 W



( ܰ௦)
 (ݐ)ܤܲ

ܲ,௦ = 100 ܹ ∙ (ݐ)ܤܲ ∙  ܰୣ୰ୱ୭୬ୣ୬



ܸ̇, ,ܦ,̇݉

ܸ̇



ࣁ ⁄࢞ࢇࡹࣁ ̇ࢂ ⁄(࢞ࢇࡹࣁ)̇ࢂ
࢞ࢇࣁ

ܛܗ۾ ̇ 
∆ ࢀ ࡼ



ߙ = 1,23
∆ܶቀ

ଵ
ସା

ଵ
ଵೌቁ

ܦ
ଵ/ସ

ζ

݇ௌ/ܦ

ߣ = 8 ∙

⎝

⎜
⎛
൬

8
ܴ݁
൰
ଵଶ

+ ൮ቌ−2,456 ∙ ݈݊ ቆ൬
7
ܴ݁
൰
,ଽ

+
1

3,7
݇௦
ܦ
ቇቍ

ଵ

+ ൬
37530
ܴ݁

൰
ଵ

൲

ିଷଶ

⎠

⎟
⎞

ଵ
ଵଶ

.

௬ݏ = ට∑ ቀడ௬
డ௫

∙ ௫ቁݏ
ଶ


ୀଵ

{ܶܪ,ܶܰ}

ܳ̇ = ߩ ∙ ܿ, ∙ ܸ̇ ∙ ∆ ܶ

ொ̇ݏ = ߩ ∙ ܿ, ∙ ට൫ݏ̇ ∙ ∆ ܶ൯
ଶ

+ ൫ݏ∆் ∙ ܸ̇൯
ଶ

ܪ
ܼ

ܳ̇ீ௦ = ܸ̇ீ ௦ ∙ ܪ ∙ ܼ = ܸ̇ீ ௦ ∙ ܪ ∙
ಸೌೞ
்ಸೌೞ

∙ ்ಿ
ಿ

ொ̇ಸೌೞݏ = ்ಿ
ಿ
∙

ඨቀு∙ಸೌೞ
்ಸೌೞ

∙ ̇ಸೌೞቁݏ
ଶ

+ ቀ̇ಸೌೞ∙ಸೌೞ
்ಸೌೞ

∙ ுቁݏ
ଶ

+ ቀ̇ಸೌೞ∙ு
்ಸೌೞ

∙ ಸೌೞቁݏ
ଶ

+ ൬̇ಸೌೞ∙ு∙ಸೌೞ
ି ಸ்ೌೞ

మ ∙ ಸೌೞ൰்ݏ
ଶ

{ܶܪ,ܶܰ}

ܧܷܩ = ொ̇
ொ̇ಸೌೞ

= ߩ ∙ ܿ, ∙
ಿ
்ಿ
∙ ̇∙∆்
̇ಸೌೞ∙ு

∙ ்ಸೌೞ
ಸೌೞ

= ܭ ∙ ̇∙∆்
̇ಸೌೞ∙ு

∙ ்ಸೌೞ
ಸೌೞ

,



ாீݏ

= ܭ

⎷
⃓⃓
⃓⃓
⃓⃓
⃓⃓
ለ⃓ 1

൫ܸ̇ீ ௦ ∙ ܪ ∙ ௦൯ீ
ଶ ∙ ቀ൫ܸ̇ ∙ ∆ ܶ ∙ ಸೌೞ൯்ݏ

ଶ
+ ൫ܸ̇ ∙ ܶீ ௦ ∙ ൯்∆ݏ

ଶ
+ ൫∆ ܶ ∙ ܶீ ௦ ∙ ̇൯ݏ

ଶ
ቁ + ⋯

൫ܸ̇ ∙ ∆ ܶ ∙ ܶீ ௦൯
ଶ
∙ ൭ቆ

̇ಸೌೞݏ−
ܸ̇ீ ௦
ଶ ∙ ܪ ∙ ௦ீ

ቇ
ଶ

+ ቆ
ுݏ−

ܸ̇ீ ௦ ∙ ଶܪ ∙ ௦ீ
ቇ
ଶ

+ ቆ
ಸೌೞݏ−

ܸ̇ீ ௦ ∙ ܪ ∙ ௦ଶீ ቇ
ଶ

൱







ாௌܣ =
ொ̇Verdampfer

ఒBoden
∙ ௌܣ) + (ௌܣ + ቒ

ொ̇Verdampfer

ଵ  ఒBoden
ቓ ∙ ܣ + ܣ



ெܣ = ܳ̇Verdampfer ൬4732 ∙ ቀ
ொ̇Verdampfer

kW
ቁ
ି,ଷ଼ଶ

+ 109,3൰ €
kW

ோ்ܣ = ଷ,ସଵଽ €
kW

∙ ܳ̇Kondensator + 312€
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