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ANNEX 67 General Scheme of a single-level control
Disturbances;
- Weather
- Occupancy
Obijectives: )
- Reduce cost
ints: - Flexibilit
Constraints: . - mlex| ity Control signals:
- onthe inputs _ Energy price
B g;;?;igﬁ;?“ts - Residual load /\\
— Building
y Y ' !
Control inputs - Plant Control outputs
Controller (set-point, On/Off, ...) (HVAC system) (temperature...)

Measurements (feedback)

B.2.1 Review of applied and tested control



Control methods for HVAC systems
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White-box Modeling
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Internal heat loads Systems

Control strategies » ilding geometry Simulation specific
and schedules Weather conditions and parameters parameters
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Simulation engine
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Results

All data must be provided an expert.
Modeling requires both knowledge and time.
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Gray-box Modeling
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Black-box Modeling

Input data Nearest Neighbors Linear SVM RBF SVM Gaussian Process Decision Tree Random Forest Neural Net AdaBoost Naive Bayes

Learn complex patterns from (a lot of) data and try to repeat them.
No physical understanding of the underlaying system.
“Catastrophic forgetting”.

Image: https://scikit-learn.org/stable/ images/sphx_glr plot classifier comparison _001.png



https://scikit-learn.org/stable/_images/sphx_glr_plot_classifier_comparison_001.png

Short Summary

Flexibility Reliability
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Decentralized ruled-based system
applied to a building zone
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Office @15-610-2

Office Profile
Building: Maersk Mc Kinney Mgller Instituttet

Total office area: 15m2
Location: Odense, Denmark
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OPC-UA: Milo Eclipse

OPC UA

* Connectivity, Security and loT Integration

* Industry 4.0 interoperability standard

Milo Eclipse

* Java Implementation

walshs
JCRILET

Milo
sdk-client
13A135-)ps

ol

Application
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Architecture Integration
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Live Dashboard

Living Lab Office Dashboard
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Outdoor temperature
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Indoor Environment Analytics

Relative probability
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Thermostat
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Indoor Environment Analytics
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Occupancy has higher impact on
indoor temperature than solar
radiation

Outdoor temperature has a moderate
impact
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Thermostat Schedule
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Setpoint vs. Measurements
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Next Step: Towards Model-Based Control

Measured temperature vs. simulation
Time window no. 1

21.5- . . .
e Zone model recalibrated periodically
(every 10 minutes)
210 a * Simulation every few minutes
*  Window and door opening included in
20.5- training
[1}] . . .
5 * Model-based optimization
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@
|_
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Model Predictive Control and Multi-Objective
Genetic Algorithm
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Other

Dwellings Buildings

BR15 30 + 1000/A

41 + 1000/A

Buildings class 2020 20 25



Temperature
CO2, Humidity, PIR
Vent. valve positions
Radiator valves positions
Electricity meters
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Optimizer
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Scenario Total heating energy [kWh] Relative [% of RBC]

MOGA 4050.43

RBC 9368.66 100.0



Deliverable D5

International Energy Agency

Energy in Buildings and Communities Programme
Annex 67 Energy Flexible Buildings
April 2019
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SDU: Athila Quaresma Santos ags@mmmi.sdu.dk

« ENERVALIS: Hussain Kazmi hussain.kazmi@enervalis.com
« VTT/Aalto: Ala Hasan, ala.hasan@vtt.fi

 IREC: Thibault Péan tpean@irec.cat

« POLYU: Sunliang Cao, sunliang.cao@aalto.fi

« Fraunhofer: Young Jae Yu young.jae.yu@iee.fraunhofer.de
« NTNU: John Clauss, john.clauss@ntnu.no

 DTU: Rune Grgnborg Junker rung@diu.dk

« UCD: Anjukan Kathirgamanathan anjukan.kathirgamanathan@ucdconnect.ie
 TUE: Christian Finck c.|.finck@tue.nl

« UCD: Donal Finn donal.finn@ucd.ie

« Polymtl: Kun Zhang, kun.zhang@polymtl.ca
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