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Trigeneration Systems and
Motivation for Experimental Tests



Trigeneration / CCHP / Polygeneration Systems
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Model predictive control
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*Urbanucci, L., 2018. Energy Procedia 148, 1199–1205. https://doi.org/10.1016/j.egypro.2018.08.021

Three Levels of CCHP Optimisation*
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INES Trigeneration System



INES Trigeneration System
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Supervisory controller:
• Python environment
• MPC or conventional
• OPC client in Python

HMI

Controlled system:
• Machines
• Auxiliary equipment
• Sensors
• Actuators

Back-end services:
• Online or database
• Energy, load &
weather forecast
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Management Level: Forecast Data
(a)Load (b) Electricity Price
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Characteristics of Models for MPC
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Results of One MPC Iteration
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(b) Thermal (heating) balance

(a) Thermal (cooling) balance

(c) Electrical balance



Stratified Tank Temperatures (System States)
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Simulation and Measured Results
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(a) Summer test (b) Winter test



Measured Data: Reference Controller and MPC (Cooling energy balance)

18

-20
-15
-10
-5
0
5
10
15
20
25
30

-15
-5
5

15
25
35
45

T
e
m
p
e
r
a
t
u
r
e
 
[

°
C
]

P
o
w
e
r
 
[
k
W
t
h
]

CCM AdCM Cold Tank Load CT4 CT1 CT4,min CT1,max

-20
-15
-10
-5
0
5
10
15
20
25
30

-15
-5
5

15
25
35
45

T
e
m
p
e
r
a
t
u
r
e
 
[

°
C
]

P
o
w
e
r
 
[
k
W
t
h
]

Time [HH:MM]
CCM AdCM Cold Tank Load CT4 CT1 CT,max CT,min Tf,TC(set)

(a) Reference

(b) MPC

Set Feed-line Temperature = 14°C



Measured Data: Reference Controller and MPC (Electrical balance)
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Economic analysis
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§ Highly tuned reference controller

§ Lesser On / Off Flanks but not monetised
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Contact:
parantapa.sawant@hs-offenburg.de
+49(0) 781 – 205 4696

§ Motivation for experimental
demonstration established

§ Control-oriented models made available
in project consortium

§ MPC benefits:
§ 3-5% economic benefit over highly

tuned reference controller
§ Ease of tuning and adapting to

other plants
§ Less frequent machine switching

§ Five years outlook:
§ Communication with other plants
§ Provide flexibility through economic

optimisation
§ Industrial operation

Summary and Outlook






