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MOTIVATION

Renewable electricity is essential for carbon neutrality, but variability increases the risk of
supply-demand imbalance during summer peaks.
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MOTIVATION

Dynamic coupling makes static dispatch unreliable
HEREBINXIFHLSREZ ARDSHEFIENIEFIRR A ELEMEN.

A 24-hour DCS schedule must stay feasible as load, weather, tariff and carbon signals change.

WHY STATIC DISPATCH IS LIMITED

Use a dynamic evaluator

Four effects must be evaluated together:
inside the optimizer.

o Coupled physics

Heat, flow, equipment and controls change together. Data-driven model Physics-based model

e Changing boundaries
Load, weather, price and carbon data change by hour.

s

| E kerato T o
ppofct
L]
irssabzefL

lange

-~ =
e Conflicting targets ‘

~~~~~~

a_stant

Cost, emissions, comfort and flexibility can conflict.

. L. . . Fast solving speed Slow solving speed
Feasible schedules of DCS need dynamic simulation in Poor interpretability Good interpretability

addition to energy balance. High data demand Low data demand
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FRAMEWORK

This study couples a Modelica-based DCS model with day-ahead optimization
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Control strategy optimizer

Flexible Potential Assessment

‘ Define problem and construct the objective function ‘
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‘ Set the constraint conditions ‘
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The framework
combines boundary
forecasts, full-
process dynamic
simulation and
external optimization
to generate physically
feasible schedules.
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METHOD
The workflow links decisions with dynamic simulation FMI BXEHE LERTE

FMI provides a portable interface between the physical plant model and the optimization algorithm.
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{ - Objective value and feasibility

A single Modelica model is reused across simulation, export and optimization.
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CASE STUDY
A Shanghai district cooling system provides the case study XSRS TERH

The structure diagram of DCS case as follow:
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PHYSICAL MODEL

MSL and Buildings form the system-level Modelica DCS model ARG Modelica ¥IE{EE
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VALIDATION

Reference-case validation supports the modeling approach FEEEEERLE
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OPTIMIZATION
Day-ahead scheduling is a 24-hour MINLP HEJ MINLP jal @Rk R KET A

The decision vector combines continuous storage actions with integer unit-commitment variables.
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The FMU is the evaluator inside the optimization loop.
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IMPLEMENTATION
* YSSIM exports the Modelica plant model as an FMU for optimization BSHERIARE

« MATLAB Global Optimization Toolbox calls the FMU during automated schedule search.
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EXPERIMENT DESIGN

One typical summer day compares four operating strategies ESMAA NIz E

All strategies meet the same cooling service requirement; the selected objective determines plant operation.
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The comparison isolates the value of optimization from the value of simply having storage.
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OPTIMIZATION RESULTS

Optimized schedules remain physically interpretable
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The optimizer changes chiller commitment and storage timing, rather than only returning an objective value.
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Storage timing changes first; equipment commitment follows the selected objective.
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FMI SETTINGS
FMI settings shape the accuracy-runtime trade-off FMU S48 B 13z 17/ 8] B9 &2 0

Each FMU call has a computational cost, so interface settings are part of the optimization design.
Test platform: Intel Core i7-10750H CPU @ 2.60 GHz, 32
GB RAM.
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Tolerance primarily controls accuracy; smaller step sizes mainly increase exchange frequency.
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ALGORITHM COMPARISON

GA gives the best cost, while surrogateopt saves FMU calls  Surrogate SGA{L L & FRILATLL

For day-ahead operation, optimizer choice depends on the allowed runtime.

Algorithm logic

e Surrogateopt learns an adaptive response model and uses fewer FMU calls.
* GA searches many on and off schedules and can improve final cost.

. Fast daily scheduling:
surrogateopt 80,016 RMB 4,000 fast early gain surrogateopt gives a good

schedule with fewer FMU

GA, pop. 100 78,720 RMB 20,000 lowest reported cost calls.
Refined study: GA, pop. 50,
GA, pop. 50 78,720 RMB 10,000 same cost, fewer calls
reaches the best reported
cost with fewer calls than
GA, pop. 20 84,858 RMB 2,000 limited exploration pop. 100.
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CONCLUSIONS AND OUTLOOK
Modelica-to-FMI co-simulation makes optimization physically accountable ZE#W5EF4&T{E

Three contributions

01 FMU-in-the-loop workflow

Modelica DCS, FMI 2.0 FMU, MATLAB Next steps

e Target-site calibration

(02 Day-ahead MINLP scheduling e Multi-day and seasonal
validation
Discrete chiller commitment and storage e Stochastic or robust
operation over 24 hours optimization

(03 Accuracy-runtime trade-off

Communication step size and tolerance define

FMU evaluation cost . . :
Questions and discussion
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