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Why transformation is necessary?

e Buildings must become more sustainable (legislation)

* Buildings are becoming increasingly complex = Introduction of new energy systems
 Energy GAP: design < actual energy use

* Existing buildings are the largest group, but also the most difficult

e QOccupants are not satisfied

e Current and future lack of skilled personnel
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To put that into perspective for NL

That is why we need:
Knowledge, innovation and
use of data

9%

Building Wasted by 5x times the current wind and
sector HVAC systems solar generation

According to statistics from 2021

Integrating Human Needs and Digital Transformation of
Building Automation with Artificial Intelligence

® TVVL | PLATFORMVOOR MENS EN TECHNIEK 3 21-9-2023



Human-in-the-loop?

A Obese

Moreover, energy wastage because of
mismatch with user preferences:

* Large inter-individual differences
* Dissatisfaction & Complaints

B Normal Weight

Ref: Savastano et al., AJCN 2009
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Al and ML for the future?

* Canintegrating Al and digital transformation address the problems that we have?
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Brains4Buildings

* 39 project partners

L] L S K .
° Empowerlng Utlllty e Ut|||Ze b|g data
I . . from smart
buildings with brains .
Smart meters meters, building
management

. L systems and the
. Building Systems
Internet of

Things devices
Feedback

Ref: https://brains4buildings.org/

 Develop methods to reduce energy consumption, increase comfort, respond flexibly to user
behavior and local energy supply and demand, and save on installation maintenance costs
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Integrating Human Needs and Digital Transformation of
Building Automation
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Smart Maintenance

What is smart maintenance in this context?
 Automated fault detection and diagnosis systems using machine learning
e Early detection of faults 2 Reduce energy wastage
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Important aspects

Low-cost sensor performance Feedback from users

Ref: https://doi.org/10.1016/j.envint.2022.107372 Ref: https.//brains4buildings.org/
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Fault Diagnose

* Bayesian Network — Using
P&ID
* For different types of sensor

networks — Sensor rich to ) E3
sensor poor ? ; , : / ;

Diagnostic Bayesian Network (4S3F)
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Overview: Fault Detection & Diagnosis Method

Fault Detection Fault Diagnosis
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D a ta I n te g ra t i 0 n Ref: https://doi.org/10.34641/clima.2022.228
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KropmanNijmegen @ Insite View
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e Standardized ways to connect data sources
e Digital-twin concept (InsiteView + Brick + BIM Integration)
* Vision 2 Use of Virtual Reality / Augmented Reality

Digital Twin T
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Digital-Twin Implementation
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Theory in Practice
Implementation at Living Lab




Overview

* Objective:
- Introduce Faults in HVAC System
- Test the theories in practice

 Data Acquisition:
- Objective data from sensors
- Subjective data through occupant feedback

Kropman Breda — Living Lab
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Fault and Symptom Classification

Balance
symptom

Model Fault

Component
Fault

Additional
symptom

Taal et al. (2021)
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Faults focusing on:

I
ii.
iii.
iv.

H

Progress: Tested faults

Heating coil valve

Fan

Heat recovery wheel
Sensor bias

Control settings
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S. No. Category
1 Component
5 (Valve Actuator)
3 Component
4 (Heat Recovery
Wheel)
5 Component (Fan)
6
7 .
3 Sensor Bias
9
10
11
Control
12
13
20 21-9-2023

Heating Season Faults
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Input

Statistical
model

Machine
learning model

Rules based
model

Time series - BMS Data
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Subjective Data (Occupant Feedback)

 Metricwire is used to collect occupant feedback data
* Three times per day

e Collecting non-faulty data
 Approximately 15 participants

Cenfral
Vertilation

Integrating Human Needs and Digital Transformation of

| =
TVVL | PLATFORMVOOR MENS EN TECHNIEK 22 21-9-2023 Building Automation with Artificial Intelligence



i TVVL | PLATFORMVOOR MENS EN TECHNIEK 23 21-9-2023

Additional Low-cost Monitors & Virtual Sensors

Data for:
- HVAC systems retrieved from InsiteReport portal of Kropman
- IAQ sensors data retrieved from Airteq portal

Additional LCMs around Mass flow rate meters, Airteq LCMs to
HRW & coils virtual mass & energy meters to measure I1AQ
be developed & validated
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Thermal Comfort
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Expected Output and Applications

 AFDD -Detect and diagnose faults of HVAC

* Generic

* Provide better comfort and reduce energy consumptions
* Re-commissioning and maintenance

Application:

e Commercial buildings (must have BMS )

 AHU (With the minimum number of sensors)

* Integrated to Building Energy Management system
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