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Data-driven approach
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OBJECTIVE FUNCTION
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FAULT DETECTION FAULT IDENTIFICATION

" Is there a fault? What is the fault signature?
" Which is the faulty component? " What is the fault magnitude?
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- A{:ﬂ Detectable faults

Faulty component

Fault signature

Pump

Head reduction

Pipe

Leakages
Anomalous heat losses

Anomalous pressure losses

Valve

Incorrect opening

Leakages

Heat exchanger

Leakages
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Anomalous pressure losses
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For each substation
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Pumping station model ]

= (Q,H) curve

Distribution network model

= Mass conservation equation
@ » Energy conservation equation
» Momentum conservation equation

Substation model

= Mass conservation equation

W = Energy conservation equation
*‘ » Momentum conservation equation
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Physics-based approach

o1 iEeR

[ Pumping station model ] Distribution network model [ Substation model
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[ Substation model

Health index<1 = faulty
Health index=1 = healthy
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Valve opening # setpoint — faulty
Valve opening = setpoint — healthy
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pg ACER Physics-based approach

[ Pumping station model ] Distribution network model Substation model
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Dependent variable

‘ @ Measured value ] Sensor uncertainty band Yy Healthy calculated value

AT

Dependent variable

Time Time
TARGET VALUE TARGET VALUE

HEALTHY CALCULATED

MEASURED VALUE

Sensor Uncertainty band

+ 0.3 % of reading value
+0.5°C
+ 0.25 % of the full-scale

Flow meter
Thermocouple
Pressure gauge

Suitable for real-word applications
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District heating network of the Campus of University of Parma

fi‘“ﬂ’:ﬁéj Energy m “

Volume 205, 15 August 2020, 118054

Setup and testing of smart

controllers for small-scale
CCItDEtAd - district heating networks: An
CUSIeee integrated framework
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Datasets No.
Healthy DHN 1
Faulty valve (locked) 6
Faulty valve (partial opening) 4
Faulty heat exchanger 2
Faulty pump 1
supply pipeline return pipeline Faulty pipe 4
: Total 18
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PEA(I-E‘B Example of application
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Data-driven approach

Rate of data classified as faulty

[ 1Openloop " Closed loop M Fully-closed loop

Mass flow rate Temperature Pressure
1.0 1.0 1.0
0.5} I 0.5} I 0.5t
0.0 B 0.0 ool — B . . I—-l—-L
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 7 8 9
Substation Substation Substation

FAULT ALERT AT SUBSTATION 5
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Physics-based approach

Health state
B 2 . __ e
1.0 0.8 0.6 0.4 . 0.2 0.0
fault magnitude
—————————————————— — N
PIPE #11 (substation 5)
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PEA(I-E‘B Example of application
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PEA(I-E(B Example of application
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Physics-based approach
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PEA&% Example of application
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Physics-based approach

FAULT ALERT CONFIRMED
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GQ Example of application

Physics-based approach
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Physics-based approach
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é% Example of application
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Physics-based approach
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GQ Example of application

Physics-based approach

FAULT DETECTED
& IDENTIFIED
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6000 data Mean values
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Diagnosis on N values

Health indices with noisy data
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Physics-based approach

Maximum deviation of x and a,,,. With respect to noise-free measurements

N 100 300
Pump 7.6-104 7.0-104
Pipe #6 1.4-103 1.9-103
Faulty component
Valve #4 2.5-102 3.0-10
Heat exchanger #4 1.1-10 2.7-10-2

Robustness against noisy inputs (/',
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cooling energy

electrical energy

-~ (0 () HP

thermal energy

| |
CHP o GB

fuel

Combined heat and power system (CHP)

P

el,meas Ta Pe|,n0m r]el,nom

i Nel = fXe1,chp T5,108de, el nom)
10ady, = flX¢y crploady)
Pen.catc = fl0ady, T, Py o)

i Pruel,caic = f{Pelmeas:Nel)

: Ntot = fPetmeas Pth,catc: Pruel,caic)

Neh = f(NiorNel)

I:)fuel,calc th,calc

Developed physics-based models: gas boiler, CHP, heat pump,

compressor chiller, absorption chiller

thnom  Xel.CHP  Xth,CHP
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Campus of University of Parma

cooling energy

electrical energy
| biomass 34 datasets
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Validation of the physics-based model under healthy operation
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Example of faulty datasets

Dataset FO1 || || Dataset FO7 ||

electrical energy electrical energy

thermal energy
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od Literature review

. Data-driven approach v/ done

in progress

td Physics-based approach
o Validation of the DHN
¢~ Diagnosis of the DHN
¢~ Validation of the MES
¢ Diagnosis of the MES
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DISSEMINAZIONE




11t International Conference on Smart Energy Systems .
((‘ 1617 September 2025 “energysiis.
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   |    y ^ t −  y t  meas |


   y t  meas


   |    y ^ t −  y t  meas |


   y t  meas


   ∑   x  leak    m .  in   −  ∑     m .  out −      m .  in,sub =0


   R  th =   x  th,loss  (  1  πL  D  int k +  ∑   1  2πLλ   ln ⁡     D  ext   D  int )


  ∆p   =   x  p,loss  R p    m .  2


     m .  in,HE  =    α  valve    m .  in,sub


  ⇒


  ⇒


  ⇒


  ⇒


  OF=   ∑  i=1 N     (    Y i  target −  Y i  calc   Y i  target ) 2


  where Y is   m . , T or p
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     w - 2


     w - N

