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Implementation and testing of a multi-level smart control

strategy for the integrated energy system of a hospital
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Sector coupling and the optimization of integrated energy systems are
keys for the energy transition
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Sector coupling and the optimization of integrated energy systems are

keys for the energy transition
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Digitalization (and smart control!) are required and enabled by
IT technologies

ERA-Net
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There are many innovative tools...

» REAL-TIME DATA (AND BIG DATA?!) » OPTIMIZATION ALGORITHMS AND SOLVERS

min J(xg, u(t))
u(t)
Optimization horizon
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» MACHINE LEAR » CHEAPAND FAST CONTROL SOLUTIONS
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...but very few real examples to demonstrate these tools in operational
environment
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Our scope: iImplement and demonstrate to TRL7 our smart controller
with multiple time scales

@ Goals

» Optimize energy distribution
and thermal station management

'}I{Application
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Our path: from concept to simulation... to the controller prototype
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Our solution: a multi-level optimal controller with a double time-scale
which provides the control action every 15 minutes

C‘lday Prototype Real system
Long-Term Supervisory module (LoTS) | [
conshan Actual ==
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The control algorithm was verified in simulation environment for an
entire operating yeatr...

S S ——

Igorithm disturbances: I Actual disturbances:
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Actual operation and consumption

Saletti C., Morini M., Gambarotta A. Smart management of integrated energy systems

Pa ® through co-optimization with long and short horizons. Energy 2022; 250, 123748.
Qe [ W 4 . . .
UNIVERsITA  MiLAmoaEs oversry SIRAM () VEOUIA AP~ https://doi.org/10.1016/j.energy.2022.123748

DI PARMA SWEDEN MelarEnergi .. L


https://doi.org/10.1016/j.energy.2022.123748

Smart
BSTRHEAT  enerey
Systems
ERA-Net
...providing a long-term perspective on the control performance
Consumption - benchmark Consumption - MPC
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The controller prototype was demonstrated in operational environment
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The controller prototype was demonstrated in operational environment

* Monitoring equipment
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The controller prototype was demonstrated in operational environment

1 day

CLong-Term Supervisory module (LoTS)
[ * Monitoring equipment

» Data collection and processing for
baseline operation

. Implementation and debugging

» Data collection and processing for
new operation
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The controller prototype was demonstrated in operational environment

* Monitoring equipment

Actual operation
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The controller prototype was demonstrated in operational environment

* Monitoring equipment
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» Data collection and processing for
baseline operation

* Implementation and debugging

. Data collection and processing for
new operation

» Results and comparison
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After defining the baseline of operation, the results from old and MPC
control were compared

@ @ March to August
Al

Get data of Calculate baseline model r N
operation via linear regression 2021 - old 2022 - MPC
Natural gas for
@ @ 5 1.6 % 3.4 %
heating
Compare 2022 Compare 2021
data to baseline data to baseline Electricity from
. 0.5 % .5 %
gI‘ld 30.5 7% 4.5 7
@ Economic balance 23.5 % 7.8 %

CCIH"IFIE.FE and ﬂl‘lﬂ|1.l'ZE
2021 (old) vs 2022 (MPC)

Percentage differences
¥ , / compared to baseline
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Electricity from grid
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Difference from baseline [%]

Economic balance

2021 - old

| | 2022 - MPC
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It was also possible to evaluate the difference from the baseline month
by month, or even hour by hour
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It may be seem a long road... but smart energy systems are feasible!
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Thank you for your attention!

Costanza Saletti, University of Parma

costanza.saletti@unipr.it Stay tuned for our Final Conference:
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