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Q\ State of the art: REC diagnosis

Available papers

- Research source: Science Direct
- Keywords:
« "fault detection", "diagnostic”, “FDD", and "diagnosis”

List of available projects

- Research source: Cordis
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WP 3

SVILUPPO DI TOOL PER LA DIAGNOSI DI
SISTEMI MULTI-ENERGIA &
RETI DI TELERISCALDAMENTO
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ﬁ@@ M AR Data-driven approach
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(MM DEPENDENT VARIABLES [
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Identification of the faulty sub-system

‘ Faulty subsystem ‘

l Steady-state operation l
—— S » Transient and steady-state operation

— =
| | [ Physics-based approach
THE FAULTY SUBSYSTEM DEPENDENT VARIABLES
)
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@d

— ~D |dentification of the fault type and magnitude

DATA-DRIVEN APPROACH

PHYSICS-BASED APPROACH

ALGORITHM

=  Steady-state operation

DIAGNOSIS

= Faulty component

= Fault ﬁ
—(C)
= Fault magnitude
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SVILUPPO DI TOOL PER LA DIAGNOSI Di
SISTEMI MULTI-ENERGIA




Combined heat and power system (CHP)
Multi-energy System PeI,meas Ta Pe|I0m r]el,nom I:)th,nom Xal.CHP Xth,CHP
gl i 4 &0 TDO v i
! IoadeI f( |:)el,meas'Ta'Pel,nom) !
PIG E I’]el = f(XeI,CHP'Ta'|Oadel'nel,nom) i
Electrical energy : _ |
1 demand loady, = f(Xy, cyploady) :
| I:)th,calc = f(loadttha'Pth,nom) i
oo 6l<)] l |
E Pfuel calc — f( Pel meas'nel) E
GB CHP HP ! ’ ’ :
i i i Thermal energy | Ntot = f( Pel,meas' Pth,calc' Pfuel,calc) i
demand : |
e Mo =MoL i
l l Cooling energy Pfuel calc Pih,calc
demand
Developed physics-based models: gas boiler, CHP, heat pump,
compressor chiller, absorption chiller
“’b SPw, Universita 7 innovaziona
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Campus of University of Parma

d [ [ B [ o]
Gas boiler kil kil o o Heat pump ~sf@| {J

QU W W W W —L
1MW, 2.6 MW, 3.0 MW, 3.0 MW, 3.5 MW, 1360 kW,

CHP Compressor
(natural gas) chiller

1560 kW,,; 1648 kW, 2500 kW, 2500 kW, 2500 kW,
CHP ‘ Absorption .
(biomass) chiller

100 kW,; 215 kW, 1189 kW,
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Validation of the physics-based model under healthy operation
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Next step: diagnosis of the multi-energy system
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SVILUPPO DI TOOL PER LA DIAGNOSI Di
RETI DI TELERISCALDAMENTO




pf Ac/;f Case study

District heating network of the Campus of University of Parma

= O substations
= 32 pipes (supply + return pipelines)
= 2 pumps

= 18 datasets with faults and without faults

‘(ﬁ-
o5 LEAP 08/01/2026




Response of Output Element 1 for Time-Series 1
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pg AGI-E; Physics-based approach

l Faulty component Fault type
l - :
PHYSICS-BASED MODEL OF THE DHN A— Pump T Headreduction .
__________________________________________ | = Leakages
| Pipe = Anomalous heat losses
I ]
[ Distribution b | Anomalous pressure losses
ump mg;, S la ton network Uuos Z llon | Valve = Incorrect valve opening angle
oae model ode e " Leakages
: = Leakages
—————————————————————————————————————————— : Heat exchanger =  Anomalous heat losses

= Anomalous pressure losses
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<
To the @ From the
supply pipeline _ return pipeline

4 N

©

Minimize the OF by using
an optimization algorithm
based on a gradient-based

method
S /
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Distribution network model

AT, sub Ap sub

Fror;t the To t'he

powerplant . power plant Minimize the OF by using
an optimization algorithm
based on a gradient-based

method
S /

From the
return pipeline

. target . 2 . target . 2 Ttarget_T 2 target 2 Nsub target 2 arget T 2
Mout, PP~ "out,PP Min, PP~ "in,PP in,pp "in,PP Pin,pp Pin,PP Pin,sub,i Pin,sub,i in,sub,i ' in,sub,i
OF . = 2 + > + s + s 4 > s + 5 5
distr.net . target . target JLarget target Z target target
" out,PP "in,PP in,PP Pin,pp i=1 Pin,sub,i in,sub,i
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PE AGI-ER Physics-based approach

[ Substation model 1
AN @f
Tin,sub ( T }
Pinsub | out,sub | L )
m1?°5“b Poutsub | Minimize the OF by using
= y D an optimization algorithm
: : based on a gradient-based
From the To the method
supply pipeline return pipeline \ /
2 2
N t t t
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o
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Dependent variable

Physics-based approach

‘ @ Measured value [ Sensor uncertainty band Y Healthy calculated value

Dependent variable

pAS

Time

TARGET VALUE TARGET VALUE

HEALTHY CALCULATED

VALUE i

Time

MEASURED VALUE

Sensor Uncertainty band
Flow meter + (0.3 % of reading value
Thermocouple +(0.5°C

Pressure gauge

+ (.25 % of the full-scale

o
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Diagnosis of dataset #1

SUBSTATION #4

Health index

| . . T
1.0 0.8 0.6 0.4 0.2 0.0
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Diagnosis of the DHN of the Campus of University of Parma

PIAGI-E

Diagnosis of dataset #1

SUBSTATION #4

= Xleak =1.00
= Xihloss = =1.00
=1.00

=0.49

p loss —
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Rirnowvabili

fé% Diagnosis of the DHN of the Campus of University of Parma

Diagnosis of dataset #1

SUBSTATION #4

Valve opening angle
AYAVAVA VY Calculated  0.49
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fé% Diagnosis of the DHN of the Campus of University of Parma

Diagnosis of dataset #1

SUBSTATION #4

Valve opening angle
AYAVAVA VY Calculated  0.49

Signal 1.00
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fé% Diagnosis of the DHN of the Campus of University of Parma

Diagnosis of dataset #1

SUBSTATION #4

AVAVAVA VY Calculated  0.49
Signal 1.00
i
FAULT ALERT
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55 LEAP 08/01/2026




C

Comunitio
Enargetiche
Rirnowvabili

fé% Diagnosis of the DHN of the Campus of University of Parma

Diagnosis of dataset #1

SUBSTATION #4

N \N\"N Calculated  0.49
Signal 1.00
}I§ Actual 0.50
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QQ Diagnosis of the DHN of the Campus of University of Parma

Comunitio
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Rirnowvabili

Diagnosis of dataset #1

SUBSTATION #4

Valve opening angle
N NN\ Calculated  0.49

Signal 1.00
}§ Actual 0.50
FAULT DETECTED
& IDENTIFIED
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Diagnosis of dataset #2

fé% Diagnosis of the DHN of the Campus of University of Parma
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FEA{E} Diagnosis of the DHN of the Campus of University of Parma
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PIPE #6

I —
I Xith.loss — 0.02
| Ains [W-m-K-"]
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PIPE #6

I —
I Xith.loss — 0.02
: Ains [W-m-1-K-1]
i Calculated 1.9
| Healthy 0.04
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/-% Diagnosis of the DHN of the Campus of University of Parma

Diagnosis of dataset #2 P S
| PIPE #6
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é% Diagnosis of the DHN of the Campus of University of Parma
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Diagnosis of dataset #2 p N
PIPE #6

Xth.loss =0.02

)‘ins [W'm-1'K-1]

Calculated 1.9
Healthy 0.04
Actual 2.0
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FAULT DETECTED
& IDENTIFIED
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fé% Diagnosis of the DHN of the Campus of University of Parma

Diagnosis of dataset #3

Health index
N . .S
1.0 0.8 0.6 04 0.2 0.0
#14 3
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#15 []
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= #16 N 2 #14
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]

Pipe supposed healthy
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v Literature review

& Data-driven approach

\/ done

in progress

& Physics-based approach

o Validation of the DHN
¢ Diagnosis of the DHN
o Validation of the MES
o Diagnosis of the MES
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Pi A(l-ER Conferences & papers
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