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SVILUPPO DI TOOL PER LA DIAGNOSI DI 

SISTEMI MULTI-ENERGIA & 

RETI DI TELERISCALDAMENTO
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Steady-state operation

▪ Transient and steady-state operation

Data-driven approach

Detection of the faulty sub-system

Physics-based approach

Identification of the fault signature 

and magnitude 

▪ Steady-state operation

FAULT DETECTION

▪ Is there a fault?

▪ Which is the faulty component?

FAULT IDENTIFICATION

▪ What is the fault signature? 

▪ What is the fault magnitude?



SVILUPPO DI TOOL PER LA DIAGNOSI DI

RETI DI TELERISCALDAMENTO



Detectable faults

Faulty component Fault signature

Pump ▪ Head reduction

Pipe

▪ Leakages

▪ Anomalous heat losses

▪ Anomalous pressure losses

Valve
▪ Incorrect opening

▪ Leakages

Heat exchanger

▪ Leakages

▪ Anomalous heat losses

▪ Anomalous pressure losses



Data-driven approach

For each substation 

Substation i

ොyt−yt
meas  < 3σ

yt
meas healthy

if

then

ොyt−yt
meas  > 3σ

yt
meas faulty

if

then



Physics-based approach

▪ Mass conservation equation

▪ Energy conservation equation

▪ Momentum conservation equation

▪ (Q,H) curve

Health indices

xpump

෍ xleak ሶmin − ෍ ሶmout − ሶmin,sub=0

Rth= xth,loss
1

πLDintk
+ ෍

1

2πLλ
ln

Dext
Dint

∆p = xp,lossRp ሶm2

Pumping station model

Distribution network model

Substation model

▪ Mass conservation equation

▪ Energy conservation equation

▪ Momentum conservation equation

Valve opening

ሶmin,HE = αvalve ሶmin,sub

bypass

in,HE



Physics-based approach

Pumping station model Distribution network model Substation model

anomalous 

pressure 

losses

pump head leakages

anomalous 

heat losses

anomalous 

pressure 

losses

leakages

anomalous 

heat losses

valve position 



anomalous 

pressure 

losses

anomalous 

heat losses

anomalous 

pressure 

losses

anomalous 

heat losses

Physics-based approach

Pumping station model Distribution network model Substation model

pump 

head

leakages leakages incorrect position Health index < 1 faulty

Health index = 1 healthy

⇒
⇒

Valve opening ≠ setpoint faulty

Valve opening = setpoint healthy
⇒
⇒



Physics-based approach

OF= ෍

i=1

N
Y

i
target

−Yi
calc

Y
i
target

2

Minimize by using an 

optimization algorithm based 

on a gradient-based method
where Y is ሶm, T or p

Pumping station model Distribution network model Substation model

Supply pipeline

. . .

Tout,TP

pout,TP

From the 

thermal plant

To the 

substation

out,TP

in,sub

Tin,sub

pin,sub

. . .

Return pipeline

To the 

thermal plant

From the 

substation

in,sub

ΔTsub

Δpsub

Tout,sub

pout,sub

pin,TP

Tin,TP

in,TP

. . .

. . . . . .

. . .

bypass

Tin,sub

pin,sub

in,sub

Tout,sub

pout,sub

in,HE

pin,HE

. . .

From the 

supply pipeline

Tout,HE

pout,HE

in,HE

. . .

To the 

return pipeline

out,sub



Physics-based approach

Sensor Uncertainty band

Flow meter ± 0.3 % of reading value

Thermocouple ± 0.5 °C 

Pressure gauge ± 0.25 % of the full-scale

H E A L T H Y  C A L C U L A T E D 

V A L U E

T A R G E T  V A L U E T A R G E T  V A L U E

M E A S U R E D  V A L U E

Suitable for real-word applications 

robust against measurement noise

minimize false positives



Case study

District heating network of the Campus of University of Parma

Datasets No.

Healthy DHN 1

Faulty valve (locked) 6

Faulty valve (partial opening) 4

Faulty heat exchanger 2

Faulty pump 1

Faulty pipe 4

Total 18

supply pipeline return pipeline

substation



Example of application

Data-driven approach

Rate of data classified as faulty

FAULT ALERT AT SUBSTATION 5

Mass flow rate Pressure Temperature

Substation Substation Substation

Mass flow rate Pressure Temperature

Substation Substation Substation

Mass flow rate Pressure Temperature

Substation Substation Substation

Mass flow rate Temperature Pressure

SubstationSubstationSubstation



Example of application

Physics-based approach

1.0 0.8 0.6 0.4 0.2 0.0

Health state

fault magnitude

PIPE #11 (substation 5)



Example of application

Physics-based approach

PIPE #11 (substation 5)



Example of application

Physics-based approach

PIPE #11 (substation 5)

xleak = 1.00 xth.loss = 0.02 xp.loss = 1.00



Example of application

Physics-based approach

PIPE #11 (substation 5)

xleak = 1.00 xth.loss = 0.02 xp.loss = 1.00

FAULT ALERT CONFIRMED



Example of application

Physics-based approach

ins [Wm-1K-1]

Calculated 1.9

xth.loss = 0.02



Example of application

Physics-based approach

ins [Wm-1K-1]

Calculated 1.9

Healthy 0.04

xth.loss = 0.02



Example of application

Physics-based approach

ins [Wm-1K-1]

Calculated 1.9

Healthy 0.04

Actual 2.0

xth.loss = 0.02



Example of application

Physics-based approach

ins [Wm-1K-1]

Calculated 1.9

Healthy 0.04

Actual 2.0

xth.loss = 0.02

FAULT DETECTED 

& IDENTIFIED



Robustness against noisy data

Physics-based approach

w2

σun

w1 wN

6000 data

…

ഥw1

ഥw2
ഥwN

Mean values

Diagnosis on N values

Health indices with noisy data



Robustness against noisy data

Physics-based approach

N 100 300

Faulty component

Pump 7.6·10-4 7.0·10-4

Pipe #6 1.4·10-3 1.9·10-3

Valve #4 2.5·10-2 3.0·10-2

Heat exchanger #4 1.1·10-2 2.7·10-2

Maximum deviation of x and αvalve with respect to noise-free measurements

Robustness against noisy inputs



SVILUPPO DI TOOL PER LA DIAGNOSI DI

SISTEMI MULTI-ENERGIA



Physics-based approach

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

compressor chiller, absorption chiller

loadel = f(Pel,meas,Ta,Pel,nom)

ηel = f(xel,CHP,Ta,loadel,ηel,nom)

loadth = f(xth,CHP,loadel)

Pth,calc = f(loadth,Ta,Pth,nom)

Pfuel,calc = f(Pel,meas,ηel)

ηtot = f(Pel,meas,Pth,calc,Pfuel,calc)

ηth = f(ηtot,ηel)

Pel,meas

Pfuel,calc

xel.CHP xth,CHPTa ηel,nom

Pth,calc

Pel,nom Pth,nom

Combined heat and power system (CHP)
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Case study
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Campus of University of Parma

34 datasets

1 healthy 33 faulty



Validation

Validation of the physics-based model under healthy operation

Relative error always lower than 0.1 %
model

data



Diagnosis

fuel

thermal energy

PVTES

Solar energy

Grid

Electrical energy

demand

Cooling energy

demand

Thermal energy

demand

STC

CHP

ACASHP CC

GB

Natural gas

electrical energy

x = 0.85

Dataset F07
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Dataset F01

Example of faulty datasets



IN4 goals

✓ done

✓ in progress

❑ Literature review

❑ Data-driven approach

❑ Physics-based approach

o Validation of the DHN

o Diagnosis of the DHN

o Validation of the MES

o Diagnosis of the MES

✓ 

✓ 

✓ 
✓  

✓  

✓  

✓  

Activities



DISSEMINAZIONE



Conferences & papers

11th International Conference on Smart Energy Systems
16-17 September 2025

#SESAAU2025

Sponsored by

DIAGNOSIS OF FAULTS IN 
DISTRICT HEATING NETWORK COMPONENTS

Lucrezia Manservigi1, Giulia Anna Maria Castorino1, Pier Ruggero Spina1, 
Mauro Venturini1, Agostino Gambarotta2, Mirko Morini2, 
Costanza Saletti2, Samuel Sordi2

1 Università degli Studi di Ferrara
2 Università di Parma

Invitation to submit the paper to 

special issue of Energy



Conferences & papers

Second round of review 

(special issue of Energy)
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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


     w - 1


     w - 2


     w - N

