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€

𝑀𝑊ℎ

o 

 
€

𝑀𝑊ℎ

o 

€

𝑀𝑊∗𝑦𝑒𝑎𝑟
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𝑜𝑝𝑡𝑖𝑚𝑎𝑙 𝑡𝑖𝑙𝑡 = 3.7 + (0.69 𝑥 𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒) [°]



 



o 

𝜂𝑒𝑙

o 

𝜂𝑡ℎ

𝑇𝑐 =   𝑇𝑎𝑖𝑟 +
𝑁𝑂𝐶𝑇−20

800
∙ 𝐺 [°𝐶]

𝑁𝑂𝐶𝑇 (𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐶𝑒𝑙𝑙 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒) = 45 °𝐶

W

m2

𝜂𝑡ℎ = 1 − 𝛼𝑡ℎ ∙ (𝑇𝑐 − 25) 

𝛼𝑡ℎ

0.45%



𝑃𝐷𝐶

𝑃𝑛𝑜𝑚
=  𝜂𝑒𝑙 ∙  𝜂𝑡ℎ ∙

𝐺

1000
  [pu] 

𝑃𝐷𝐶 = 𝑃𝑝𝑢 ∙ 𝑃𝑛𝑜𝑚

 



 



 

 



𝜌 =  3,4837 ∙
(101.29−0.011837∙(ℎ+ℎℎ𝑢𝑏)+4.79∗10−7∙(ℎ+ℎℎ𝑢𝑏)2)

𝑇𝑚𝑜𝑛+273.15
   [

kg

m3 ]

 

 

𝛼

𝜶



𝛼 = 0.275

 



𝑣𝑤𝑖𝑛𝑑𝑒𝑓𝑓
=  𝑣𝑤𝑖𝑛𝑑10𝑚

∙ (
ℎℎ𝑢𝑏

ℎ10𝑚 
)

𝛼

   [
kg

m3 ]

𝐶𝐹 = 0.98



 



 







 



 

 

➢ 

• 

• 

• 

➢ 





 

 

o 



o 

[
kWh

kg
]

𝐿𝐻𝑉𝐻2
= 119.96  [

MJ

kg
 ]

𝜂𝐸𝐿 =
𝐿𝐻𝑉𝐻2 ∙

103

3600
𝜂𝐸𝐿%𝐿𝐻𝑉

  [%]

o 

𝑝𝑚𝑎𝑥 = 28  [bar]

𝑝𝑚𝑖𝑛 = 3  [bar]



𝑆𝑜𝐶𝑚𝑎𝑥 = 1  [−]

𝑆𝑜𝐶𝑚𝑖𝑛 =
𝑝𝑚𝑖𝑛

𝑝𝑚𝑎𝑥
= 0.1071  [−]

𝑚𝐻2𝑚𝑖𝑛
= 𝑆𝑜𝐶𝑚𝑖𝑛 ∙ 𝑚𝐻2𝑛𝑜𝑚

= 8.036  [kgH2
]

𝐸𝐴𝐶𝐶 =
𝑚𝐻2

𝐿𝐻𝑉𝐻2
∗

103

3600

  [kWh]

 



𝜂𝐷𝐶/𝐷𝐶 = 98,5% 



 



 



o 

o 

➢ 

𝑃𝐿𝐹𝐶
= 𝑃𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 −  𝑃𝑠𝑢𝑟𝑝𝑙𝑢𝑠 [kW]

𝑃𝐹𝐶 =
𝑃𝐿𝐹𝐶

𝜂𝐷𝐶/𝐷𝐶 
  [kW]



𝑃𝐴𝐶𝐶 =
𝑃𝐹𝐶

𝜂𝐹𝐶 
  [𝑘𝑊]

𝑃𝐿𝐹𝐶

𝐸𝐴𝐶𝐶(𝑖) =  𝐸𝐴𝐶𝐶(𝑖 − 1) + 𝑃𝐴𝐶𝐶(𝑖 − 1) ∙ Δ𝑡 [kWh]

𝑆𝑜𝐶𝐻2
(𝑖)  =  

𝐸𝐴𝐶𝐶(𝑖)

𝐸𝐴𝐶𝐶𝑚𝑎𝑥

  [pu]

➢ 



 



PFC

PLFC

PEL

PsEL

PLOAD

PAUX

PRES

Pthresh

Pcover

PLdeficit

Pssurplus

hMSD

PFCmax

PELmin 

PMSD 

Ppen 

PACC

EACC

EACCmin

SoCH2

SoCH2min

Δ𝑡

𝜂𝑒𝑞



 

 



 

𝑃𝑐𝑢𝑟𝑡 ≥ 𝛽 ∗ 𝑃𝑡ℎ𝑟𝑒𝑠ℎ   [kW]             (𝛽 = 0,9)

𝛽

𝛽

𝛽





𝑃𝐿𝐹𝐶
= min(𝑃𝑐𝑜𝑣𝑒𝑟 ;  𝑃𝐹𝐶𝑚𝑎𝑥

∙ 𝜂𝐷𝐶/𝐷𝐶)   [kW]

o 

o 



𝐸𝐴𝐶𝐶(𝑖) = 𝐸𝐴𝐶𝐶(𝑖 − 1) −
𝑃𝐿𝐹𝐶

𝜂𝐹𝐶∙𝜂𝐷𝐶/𝐷𝐶
   [kWh]



o 

o 

𝑃𝐿𝐹𝐶
= min(𝑃𝑑𝑒𝑓𝑖𝑐𝑖𝑡 ;  𝑃𝐹𝐶𝑚𝑎𝑥

∙ 𝜂𝐷𝐶/𝐷𝐶)   [kW]





 

(𝐸𝑙𝑜𝑎𝑑 + 𝐸𝑠𝐸𝐿
+ 𝐸𝑐𝑢𝑟𝑡 + 𝐸𝑀𝑆𝐷) − (𝐸𝑃𝑉 + 𝐸𝑤𝑖𝑛𝑑 + 𝐸𝐿𝐹𝐶

+ 𝐸𝑒𝑥𝑡) = 0  [MWh]









 



 

𝐸𝑚𝑖𝑛𝑀𝑆𝐷 

𝐸𝑚𝑖𝑛𝑀𝑆𝐷 =
𝑃𝑡ℎ𝑟𝑒𝑠ℎ

103
 ∙  

𝑛𝑑𝑎𝑦𝑠

𝑦𝑒𝑎𝑟
 ∙  4

ℎ𝑜𝑢𝑟𝑠

𝑑𝑎𝑦
         [

MWh

year
]







𝛾

 

𝛾 =
∑ 𝑃𝑛𝑒𝑤𝑀𝑆𝐷𝑖

𝐸𝑚𝑖𝑛𝑀𝑆𝐷

≥ 0.7

𝛾𝑜𝑙𝑑 =
∑ 𝑃𝑀𝑆𝐷𝑖

𝐸𝑚𝑖𝑛𝑀𝑆𝐷

= 1.18

𝛾𝑛𝑒𝑤 =
∑ 𝑃𝑛𝑒𝑤𝑀𝑆𝐷𝑖

𝐸𝑚𝑖𝑛𝑀𝑆𝐷

= 1.61



 

 



 

 

 

 





 



 

𝑄𝑀𝑆𝐷(𝑖) =  ∑ 𝑞𝐸𝑋−𝐴𝑁𝑇𝐸
𝑠𝑒𝑙𝑙 (𝑖) +  ∑ 𝑞𝑀𝐵

𝑠𝑒𝑙𝑙(𝑖)



 

𝑆𝑏𝑖𝑙𝑈𝑉𝐴𝑀(𝑖) = 𝐸𝑛𝑒𝑚𝑖𝑠(𝑖) − 𝑄𝑀𝑆𝐷(𝑖)  <  0

𝑖𝑓  
𝑆𝑏𝑖𝑙𝑈𝑉𝐴𝑀(𝑖)

𝑄𝑀𝑆𝐷(𝑖)
< 5%   →    𝑇𝑎𝑥 = 𝑆𝑏𝑖𝑙𝑈𝑉𝐴𝑀(𝑖) ∗ �̅�𝑀𝑆𝐷↑

𝑈𝑉𝐴𝑀

𝑖𝑓  
𝑆𝑏𝑖𝑙𝑈𝑉𝐴𝑀(𝑖)

𝑄𝑀𝑆𝐷(𝑖)
≥ 5%   →    𝑇𝑎𝑥 = 𝑆𝑏𝑖𝑙𝑈𝑉𝐴𝑀(𝑖) ∗ 𝑚𝑎𝑥(�̅�𝑀𝐵↑

𝑚𝑎𝑟𝑔
; �̅�𝑀𝑆𝐷↑

𝑈𝑉𝐴𝑀)



 



 

 

o 

%𝐸

%𝐷



o 

 

o 

𝑊𝐴𝐶𝐶 = %𝐷 ∗
0.5 ∙ 𝐶𝑑𝑒𝑏𝑡

𝐶𝑑𝑒𝑏𝑡 + 𝐶𝑒𝑞𝑢𝑖𝑡𝑦
+ %𝐸 ∗

0.5 ∙ 𝐶𝑒𝑞𝑢𝑖𝑡𝑦

𝐶𝑑𝑒𝑏𝑡 + 𝐶𝑒𝑞𝑢𝑖𝑡𝑦

𝑖𝑎𝑐𝑡 = 𝑖𝑖𝑛𝑡 + 𝑖𝑖𝑛𝑓 + 𝑖𝑟𝑖𝑠𝑘



o 

o 

o 

 



 



 



 



 

o 

o 

o 

𝑁𝑒𝑡 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 (𝑁𝑃𝑉) = −𝐶𝑖𝑛𝑣 +  ∑
𝑅𝑡

(1 + 𝑖)𝑡

𝑛

𝑡=1

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑇𝑖𝑚𝑒 (𝑃𝐵𝑇) =
𝐶𝑖𝑛𝑣

𝑅𝑡



 

 

𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑅𝑎𝑡𝑒 𝑜𝑓 𝑅𝑒𝑡𝑢𝑟𝑛 → 𝑁𝑃𝑉 =  −𝐶𝑖𝑛𝑣 +  ∑
𝑅𝑡

(1 + 𝐼𝑅𝑅)𝑡
= 0

𝑛

𝑡=1



 

 

𝛾𝑅𝐸𝑆 =  
𝐸𝑐𝑢𝑟𝑡

𝐸𝑅𝐸𝑆

𝑆𝑜𝐶𝐻2𝑀𝐸𝐴𝑁 = ∑ 𝑆𝑜𝐶𝐻2
(𝑖)

8760

𝑖=1

𝑆𝑜𝐶𝐻2𝐶𝐸𝑁𝑇𝑅𝐴𝐿 =
𝑆𝑜𝐶𝐻2𝑚𝑎𝑥 − 𝑆𝑜𝐶𝐻2𝑚𝑖𝑛

2



 

 

 

𝜂𝑃2𝐺 =
𝜂𝐹𝐶𝑚𝑒𝑎𝑛

+ 𝜂𝐸𝐿𝑚𝑒𝑎𝑛

2

𝑂𝐺𝐹 =
ℎ𝑖(𝑃𝑒𝑥𝑡 = 0)

ℎ𝑡𝑜𝑡
∙ 100

𝐼𝐹 =
𝐶𝑖𝑛𝑣 

∑ 𝑃𝑀𝑆𝐷(𝑖)8760
𝑖=1



 

 











 



 





 



 





 



 



 

𝜂𝑃2𝐺 ≅ 57%

𝑅𝑇𝐸 = (𝜂𝑃2𝐺)2  ≅  32.5 % 



 



 



• 

• 



 



 



 



 



 

 



o 

o 
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𝑃𝑃𝑉 + 𝑃𝑊𝐼𝑁𝐷 ≤   800 [𝑘𝑊] 





𝐸𝑐𝑢𝑟𝑡

𝐸𝑃𝑉 +  𝐸𝑤𝑖𝑛𝑑
  [𝑝𝑢] 



𝛾

 



𝐸𝑀𝑆𝐷

𝐶𝑖𝑛𝑣
  [

kWh

€
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