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�̅� = 0,28 𝑊/(𝑚2 ∙ 𝐾) �̅� = 0,50 𝑊/(𝑚2 ∙ 𝐾)

�̅� = 1,50 𝑊/(𝑚2 ∙ 𝐾) �̅� = 2,80 𝑊/(𝑚2 ∙ 𝐾)

�̅� = 1,50 𝑊/(𝑚2 ∙ 𝐾) �̅� = 3,00 𝑊/(𝑚2 ∙ 𝐾)

�̅� = 2,50 𝑊/(𝑚2 ∙ 𝐾) �̅� = 3,10 𝑊/(𝑚2 ∙ 𝐾)
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𝑄𝑃,𝐴𝑛𝑓𝑜𝑟𝑑𝑒𝑟𝑢𝑛𝑔 = 𝑄𝑃,𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑧 ∙ 1,4

𝑄𝑃,𝐴𝑛𝑓𝑜𝑟𝑑𝑒𝑟𝑢𝑛𝑔



𝑄𝑃,𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑧

𝑄𝑃,𝐴𝑛𝑓𝑜𝑟𝑑𝑒𝑟𝑢𝑛𝑔 = 𝑄𝑃,𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑧 ∙ 0,55

𝑄𝑃,𝐴𝑛𝑓𝑜𝑟𝑑𝑒𝑟𝑢𝑛𝑔

𝑄𝑃,𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑧

𝑄𝑃,𝐴𝑛𝑓𝑜𝑟𝑑𝑒𝑟𝑢𝑛𝑔 = 𝑄𝑃,𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑧 ∙ 1,4 𝑄𝑃,𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑧 ∙ 0,55
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✓

 →

 →

(𝐴𝑁𝐺𝐹,𝐻𝑁 + 𝐴𝑁𝐺𝐹,𝑉𝐹)

𝐴𝑁𝐺𝐹,𝐺𝐸𝐵
≥

2

3
?

(𝐴𝑁𝐺𝐹,𝐻𝑁 + 𝐴𝑁𝐺𝐹,𝑉𝐹)

𝐴𝑁𝐺𝐹,𝐺𝐸𝐵
=

(495𝑚² + 0𝑚²)

620𝑚²
= 0,798

 →

 →

 →

 →

 →

 →

 →

 →

 → →

 →
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𝑈𝑚𝑖𝑡𝑡𝑒𝑙 =
𝑈𝑊𝑎𝑛𝑑 ∙ 𝐴𝑊𝑎𝑛𝑑 + 𝑈𝐹𝑒𝑛𝑠𝑡𝑒𝑟 ∙ 𝐴𝐹𝑒𝑛𝑠𝑡𝑒𝑟 + 𝑈𝐵𝑜𝑑𝑒𝑛 ∙ 𝐴𝐵𝑜𝑑𝑒𝑛 + 𝑈𝐷𝑎𝑐ℎ ∙ 𝐴𝐷𝑎𝑐ℎ+. . .

𝐴𝑔𝑒𝑠𝑎𝑚𝑡

𝑈𝑚𝑖𝑡𝑡𝑒𝑙

𝑈𝑊𝑎𝑛𝑑

𝐴𝑊𝑎𝑛𝑑

𝑈𝐹𝑒𝑛𝑠𝑡𝑒𝑟

𝐴𝐹𝑒𝑛𝑠𝑡𝑒𝑟

𝑈𝐵𝑜𝑑𝑒𝑛

𝐴𝐵𝑜𝑑𝑒𝑛

𝑈𝐷𝑎𝑐ℎ



𝐴𝐷𝑎𝑐ℎ

𝐴𝑔𝑒𝑠𝑎𝑚𝑡

𝑄ℎ,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ = 0,001
𝑘𝑊

𝑊
∙ (𝑈𝑚𝑖𝑡𝑡𝑒𝑙 ∙ 𝐴𝑔𝑒𝑠𝑎𝑚𝑡 + 0,34

𝑊ℎ

𝑚3𝐾
∙ �̇�𝑎 ∙ 𝐴𝑁𝐺𝐹 ∙ (1 − 𝜂𝑡)) ∙ (𝜃𝑖,ℎ,𝑠𝑜𝑙𝑙 − 𝜃𝑒,𝑁𝑜𝑟𝑚) ∙ 𝑡𝑉,𝐻𝑒𝑖𝑧𝑢𝑛𝑔

𝑄ℎ,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ

𝑈𝑚𝑖𝑡𝑡𝑒𝑙

𝐴𝑔𝑒𝑠𝑎𝑚𝑡

�̇�𝑎

𝐴𝑁𝐺𝐹

𝜂𝑡

▪ 𝜂𝑡 = 0

▪ 

𝜂𝑡 = 0,7
▪ 

𝜂𝑡 = 0,6

𝜃𝑖,ℎ,𝑠𝑜𝑙𝑙

𝜃𝑒,𝑁𝑜𝑟𝑚

𝑡𝑉,𝐻𝑒𝑖𝑧𝑢𝑛𝑔



 

▪ 

▪ 

▪ 

𝑄𝑐,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ = 0,001 
𝑘𝑊

𝑊
∙ 𝑃𝑠𝑝𝑒𝑧,𝑐 ∙ 𝐴𝑁𝐺𝐹,𝑐 ∙ 𝑡𝑉,𝐾üℎ𝑙𝑢𝑛𝑔

𝑄𝑐,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ

𝑃𝑠𝑝𝑒𝑧,𝑐

𝐴𝑁𝐺𝐹,𝑐

𝑡𝑉,𝐾üℎ𝑙𝑢𝑛𝑔

 

 

▪ 

▪ 

▪ 

𝑊𝑙,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ = 0,001
𝑘𝑊

𝑊
∙ 𝑃𝑠𝑝𝑒𝑧,𝑙 ∙ 𝐴𝑁𝐺𝐹 ∙ 𝑡𝑉,𝐵𝑒𝑙𝑒𝑢𝑐ℎ𝑡𝑢𝑛𝑔



𝑊𝑙,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ

𝑃𝑠𝑝𝑒𝑧,𝑙

𝐴𝑁𝐺𝐹

𝑡𝑉,𝐵𝑒𝑙𝑒𝑢𝑐ℎ𝑡𝑢𝑛𝑔

 

 



𝑊𝑣,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ =
1ℎ

3600𝑠
∙ 𝑃𝑆𝐹𝑃 ∙ �̇�𝑎 ∙ 𝐴𝑁𝐺𝐹 ∙ 𝑡𝑉,𝐿ü𝑓𝑡𝑢𝑛𝑔

𝑊𝑣,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ

𝑃𝑆𝐹𝑃

�̇�𝑎

𝐴𝑁𝐺𝐹

𝑡𝑉,𝐿ü𝑓𝑡𝑢𝑛𝑔

 

𝑄𝑃,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ =  𝑄ℎ,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ ∙ (1 + 𝑎𝐻) ∙ 𝑓𝑃,𝑊ä𝑟𝑚𝑒 + (
𝑄𝑐,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ∙(1+𝑎𝑐)

𝑆𝐶𝑂𝑃
+ 𝑊𝑙,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ + 𝑊𝑣,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ) ∙  𝑓𝑃,𝑆𝑡𝑟𝑜𝑚

𝑄𝑃,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ

𝑄ℎ,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ

𝑎ℎ

𝑓𝑃,𝑊ä𝑟𝑚𝑒

𝑄𝑐,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ

𝑎𝑐

𝑆𝐶𝑂𝑃

𝑊𝑙,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ

𝑊𝑣,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ

𝑓𝑃,𝑆𝑡𝑟𝑜𝑚



 

𝑈𝑚𝑖𝑡𝑡𝑒𝑙 =
𝑈𝑊𝑎𝑛𝑑 ∙ 𝐴𝑊𝑎𝑛𝑑 + 𝑈𝐹𝑒𝑛𝑠𝑡𝑒𝑟 ∙ 𝐴𝐹𝑒𝑛𝑠𝑡𝑒𝑟 + 𝑈𝐵𝑜𝑑𝑒𝑛 ∙ 𝐴𝐵𝑜𝑑𝑒𝑛 + 𝑈𝐷𝑎𝑐ℎ ∙ 𝐴𝐷𝑎𝑐ℎ

𝐴𝑔𝑒𝑠𝑎𝑚𝑡
 

=
0,16

𝑊

𝑚²𝐾
∙2911 𝑚2+0,80

𝑊

𝑚2𝐾
∙1521𝑚2+0,17

𝑊

𝑚2𝐾
∙1100𝑚2+0,60

𝑊

𝑚2𝐾
∙1100 𝑚²

6632𝑚²

= 0,38
𝑊

𝑚²𝐾

𝑄ℎ,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ = 0,001
𝑘𝑊

𝑊
∙ (𝑈𝑚𝑖𝑡𝑡𝑒𝑙 ∙ 𝐴𝑔𝑒𝑠𝑎𝑚𝑡 + 0,34

𝑊ℎ

𝑚3𝐾
∙ �̇�𝑎 ∙ 𝐴𝑁𝐺𝐹 ∙  (1 − 𝜂𝑡)) ∙ (𝜃𝑖,ℎ,𝑠𝑜𝑙𝑙 − 𝜃𝑒,𝑁𝑜𝑟𝑚) ∙ 𝑡𝑉,𝐻𝑒𝑖𝑧𝑢𝑛𝑔

= 0,001
𝑘𝑊

𝑊
∙ (0,38

𝑊

𝑚2𝐾
∙ 6632 𝑚2 + 0,34

𝑊ℎ

𝑚3𝐾
∙ 10

𝑚3

ℎ𝑚2 ∙ 3600𝑚2 ∙  (1 − 0,7)) ∙ (21°𝐶 − (−12°𝐶)) ∙ 1200
ℎ

𝑎

= 245.210
𝑘𝑊ℎ

𝑎

𝑄𝑐,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ = 0,001 
𝑘𝑊

𝑊
∙ 𝑃𝑠𝑝𝑒𝑧,𝑐 ∙ 𝐴𝑁𝐺𝐹,𝑐 ∙ 𝑡𝑉,𝐾üℎ𝑙𝑢𝑛𝑔

=  0,001 
𝑘𝑊

𝑊
∙ 0 

𝑊

𝑚2
∙  3600 𝑚2 ∙ 350 

ℎ

𝑎
=  0

𝑘𝑊ℎ

𝑎

𝑊𝑙,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ = 0,001
𝑘𝑊

𝑊
∙ 𝑃𝑠𝑝𝑒𝑧,𝑙 ∙ 𝐴𝑁𝐺𝐹 ∙ 𝑡𝑉,𝐵𝑒𝑙𝑒𝑢𝑐ℎ𝑡𝑢𝑛𝑔

= 0,001
𝑘𝑊

𝑊
∙ 5

𝑊

𝑚2 ∙ 3600𝑚2 ∙ 1200
ℎ

𝑎
= 21.600

𝑘𝑊ℎ

𝑎

𝑊𝑣,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ =
1 ℎ

3600 𝑠
∙ 𝑃𝑆𝐹𝑃 ∙ �̇�𝑎 ∙ 𝐴𝑁𝐺𝐹 ∙ 𝑡𝑉,𝐿ü𝑓𝑡𝑢𝑛𝑔

=
1 ℎ

3600 𝑠
∙ 2,5

𝑘𝑊

𝑚3
𝑠⁄

∙ 10
𝑚3

ℎ𝑚2 ∙ 3600 𝑚2 ∙ 1800
ℎ

𝑎

= 45.000
𝑘𝑊ℎ

𝑎
 



𝑄𝑃,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ =  𝑄ℎ,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ ∙ (1 + 𝑎𝐻) ∙ 𝑓𝑃,𝑊ä𝑟𝑚𝑒 + (
𝑄𝑐,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ∙(1+𝑎𝑐)

𝑆𝐶𝑂𝑃
+ 𝑊𝑙,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ + 𝑊𝑣,𝑉𝑒𝑟𝑔𝑙𝑒𝑖𝑐ℎ) ∙  𝑓𝑃,𝑆𝑡𝑟𝑜𝑚

= 245.210
𝑘𝑊ℎ

𝑎
∙ (1 + 0,15) ∙ 0,7 + (

0
𝑘𝑊ℎ

𝑎
∙ (1 + 0,1)

3
+ 21.600

𝑘𝑊ℎ

𝑎
+ 45.000

𝑘𝑊ℎ

𝑎
) ∙  1,8

= 317.274
𝑘𝑊ℎ

𝑎

= 88
𝑘𝑊ℎ

𝑚²𝑎
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https://www.bmwi.de/
https://www.bafa.de/
https://www.kfw.de/
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