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Tim Manages HVAC system Observes 20-30% increase in energy bills
Building manager of a large office building and increased comfort complaints

l

Syndrome
Unsatistied with Costly inspection bill Issue identified: Requests help from
the costly process Low AT syndrome technician
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Gt CO2 Source: IEA Tracking buildings 2021 Extreme climate
6 ; conditions
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' 2030 emission goals
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Global CO, emissions (indirect) from non-residential building operations (2010-2030)

Announced Pledge Scenario (APS) reductions
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Low AT syndrome
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Secondary
pump

* |ncreased mass flow &
reduced return water
temperature

Control
valve A

* Increased HVAC energy Chiller
consumption by 20-30%

Cooling coil

 Decreased chiller
capacity

Discomfort f E@I DA
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* Important to develop
FDD tools




Methodology

174
§63

AAY
333

80
\‘ = I
@ @) @)
= ShIEHESIE L‘ ] E

Faultimpact  Fault FDD algorithm  Product Product Conclusion
analysis using experiments and development development verlflcajclon. and business
Pareto-LEAN  data collection and integration ~ and validation ~ pjan
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Proposed architecture

Data from BMS
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Fault detection
module

Black box

=»1 White box f=t+==—

Design

Fault diagnosis
module

Visualisations
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Fault impact analysis

% CHANGE IN ENERGY CONSUMPTION

B Stuck valve
B Reduced SAT
| SAT offset

® Lower airflow

5-zone small office building

M Fouling

| WT
Software: EnergyPlus W Increased S

W Higher airflow
Simulation period: 1 year

Pareto-LEAN
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Experiments

* Installation of additional
sensors

* Introducing faults manually
into the system

* Changing setpoints and
limits in the BMS

* g
‘—‘.;vr_?trfl !

¢ EHET

Office building in Breda School building in Nijmegen
Experiment period: Jun 2021 — Aug 2021 Experiment period: Jul 2020 — Aug 2020

Validation period: May 2022 — Jun 2022
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* Cooling coil valve position

* Return water temperature * Reduced supply air

temperature fault

Heat recovery wheel

|
]
: * Stuck valve fault
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To other zones
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HVAC schematic of office building in Breda
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Performance evaluation of ML model (3 months fault-free data) Fault-free prediction (9 hours) using ML model
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FDD algorithm
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Machine Rules-based Statistical Diagnostic Bayesian Network (4S3F)
learning
1
= Predicted
m—— \easured
. A
> Detection of low AT based on:
* return water temperature
* cooling coil valve position 0

t [h]

t[h
[h] Fault posterior probability

Variable prediction
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FDD algorithm

Lower Reduced
P A ~ N o
(4) e airflow SAT /_ P(B|A)
Airflow CCVP SAT design RAT setpoint RWT SAT setpoint
comparison prediction comparison comparison prediction comparison
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P(B)

P(A|B) =
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ML algorithm comparison
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Comparison of R? score and RMSE for cooling coil valve position prediction
R >
-
Similar results observed for return
ANN water temperature prediction!
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Fault detection
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Fault—free prediction of return water temperature during 50%

stuck valve fault (error threshold = -0.5K)
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Large residuals observed for both
predictions, low AT syndrome detected!
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Fault diaghosis

1.0

0.8
£ o) Stuck valve fault identified
0 =  Stuck valve fault .
B | — reduced saT faut to be the cause due to high
£o4 posterior probability.

0.2

0.0

09:00 11:00 13:00 15:00 17:00
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Posterior probabilities for all faults
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Validation

True Neg False Pos
= 55 14
1.33%
o
=
|_
False Neg True Pos
- 33 142
3.13% 13.49%
0 1
Predicted
Confusion matrix for office building in Breda.
Validation study in 2022.
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Fault detection accuracy = T TNTFPiFN - 95.5%

Fault diagnosis accuracy = 93%
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FDD tool architecture

e —ee—___Offline model training_ ________ FDD tool
] !
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Early alarms Reduced Reduced energy Better occupant

, Scalable product
maintenance cost cost comfort

with business plan

Satisfied user
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Thank you!

Questions?

m linkedin.com/in/anandthamban

M anandthamban@gmail.com
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