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Reality 
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Physically based Modeling 

Choice of Components 

System Configuration 

Control Strategy & Tuning 

Validity Checks 

Commissioning 

P
h

y
s
ic

a
lly

-b
a
s
e
d

 M
o

d
e
lin

g
  

Operation & Maintenance 

Adaption (changed BCs) 

D
e
s
ig

n
 /

 P
la

n
n

in
g

 
I
m

p
le

m
e
n

-
ta

tio
n

 

• Anticipation of different scenarios 
• Intervention easier at 

design/planning stage 



Folie 6, 2015-10-14 

CC Fluid Mechanics and Hydro Machines 

Modelica as Modeling Platform 

- Mainly used libraries 

- ThermoCycle  

- CoolProp package for fluid property calculations 

- StateGraph2  

- Aim: Database of validated plants and components 
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Application Example – Biogas CHP Klingnau 
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Klingnau – Overall Model  
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Klingnau – Shutdown/Restart Criteria 
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Klingnau – Implementation of Control System 
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State Machine «Run Watcher» (1) 

- Starting point: plant in operation 

- Engine power > 45 % 

- Ambient temperature < 30 °C 
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State Machine «Run Watcher» (2) 

- Engine power < 45 % 

- Ambient temperature < 30 °C 

- Timer starts 
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State Machine «Run Watcher» (3) 

- Engine Power < 45 % 

- Elapsed time > time limit: change of state 

- Activation of shutdown trigger and suspension of «Run Watcher» 

Shutdown procedure 
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State Machine «Shutdown Procedure» (1) 

Exhaust bypass valve opens 

X 
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State Machine «Shutdown Procedure» (2) 

Expander bypass opens 
Expander inlet valve closes 
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State Machine «Shutdown Procedure» (3)  

Generator/Expander stops 
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State Machine «Shutdown Procedure» (4) 

Hot water mixing valve 
opens 

Idle watcher 
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Klingnau – Implementation of Control System 
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Simulation Results (1) – 30 Hours Run 
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Simulation Results (2) – 30 Hours Run 

Deviation produced 
electricity < 1 % 
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Simulation Results (3) – Generic 30 Days Run 

Simulation Time:  
• 33 Shutdowns : 1 h 11 min 
• No shutdowns : 9 min 
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Conclusion 

- ThermoCycle/CoolProp with robust and computationally efficient 
models 

 

- Simple control strategy derived with automatic shutdowns and 
restarts 

 

- Easy test and track online behavior of controller and its interaction 
with plant with State Machine (StateGraph2) 

 

- Good agreement between measurement and simulation 
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