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The largest district
heating network in Italy:

• 55% of the buildings are 
connected (700.000 
inhabitants)

• 800 km of  transport
and delivering network 

• Maximum thermal load
of about 1500 MW

The Turin network 



The Turin network 
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HOW ?
DEVELOP A SPECIAL PLATFORM 
WORKING IN DIFFERENT STEPS 
APPLYING DEMAND SIDE MANAGEMENT

THE PLATFORM HAS BEEN TESTED ON A 
DISTRIBUTION NETWORK IN THE TURIN 
NETWORK

Turin DHN
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DATA 
MANAGEMENT

DATA OFTEN
AT DISPOSAL IN LARGE DH 

NETWORKS:

T1, T2, T3, T4, mh, Φ VOL, ANNUAL ENERGY

T1

T2

T3

T4

VOL

ANNUAL 
ENERGY

1 BUILDING

1 *106 mis/build * 100 build = 108 data  

6 data/mis* 12 mis/h *24 h/day * 200 day/year *3 years = 1 *106 data/build

1 *106 mis/build * 8000 build = 8 *109 data  

T1, T2, T3, 
T4, mh, Φ TIME STEP= 

5MIN

TEST AREA

ENTIRE NETWORK
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DATA 
MANAGEMENT

LOADING
Automatic loading of data of interest 

(6 files per day)

AUTOMATIC PROBLEM DETECTION STEADY STATE CONDITIONS

RE-ORGANIZATION
Automatic allocation of loaded data in proper 

matrices

𝟏 𝟎 𝟎
𝟎 𝟏 𝟎
𝟎 𝟎 𝟏

MAIN CHARACTERISTICS MANAGEMENT
Automatic saving and loading of the various step 

of the software

67%

EMPTY FILES DATA GAPS NONSENSE DATA

save save load load



FOULING DETECTION
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AUTOMATIC TOOL FOR HELPING 
OPERATORS TO EVALUATE 
FOULING LEVEL

Politecnico di Torino
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+
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UAF(Φ)  HIGH         CLEAN CONDITIONS

UAF(Φ)  LOW        FOULED CONDITIONS

HISTORICAL DATA

UAF(Φ)
ESTIMATION FOR 

CLEAN HEAT 
EXCHANGER

Φ

UAF
CURRENT DATA

UAF(Φ)
ESTIMATION FOR 
CURRENT HEAT 

EXCHANGER 
CONDITIONS

Guelpa, E., & Verda, V. (2020). Automatic fouling detection in district heating substations: Methodology and 
tests. Applied Energy, 258, 114059.
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FOULING
DETECTION

THE CHANGE IN THE BEAVIOR IS EVIDENT

BEFORE CLEANING

Pre-cleaning DATA

Cleaning day

Cleaned DATA

Φ [kW]

U
A

 [
kW

/K
]

FOULED AFTER CLEANINGCLEAN

EXPERIMENTAL TEST

Guelpa, E., & Verda, V. (2020). Automatic fouling detection in district heating substations: Methodology and 
tests. Applied Energy, 258, 114059.
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FOULING
DETECTION

FOULING MAPS FOR OPERATORS

CLEAN

BORDERLINE

DIRTY

NO DATA AVAILABLE

Guelpa, E., & Verda, V. (2020). Automatic fouling detection in district heating substations: Methodology and 
tests. Applied Energy, 258, 114059.
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AUTOMATIC TOOL FOR EVALUATE 
THE DAILY THERMAL REQUEST 
EVOLUTION OF EACH BUILDING

Politecnico di Torino



Elisa Guelpa, Vittorio Verda Politecnico di Torino

WHICH DATA WE HAVE 
AT DISPOSAL 

FOR BUILDINGS CONNECTED 
TO DISTRICT HEATING

T1

T2

T3

T4

FOR MOST OF THE BUILDINGS
• TEMPERATURE
• MASS FLOW RATES
ARE MEASURED BY SMART METERS

FOR ALL THE BUILDINGS 
• VOLUME
• ANNUAL ENERGY REQUEST
• ANNUAL WORKING HOURS
ARE AVAILABLE

REQUEST
FORECAST
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DAILY THERMAL PROFILE PREDICTION

FOR ALL THE BUILDINGS 
• VOLUME

• ANNUAL ENERGY REQUEST
• ANNUAL WORKING HOURS

ARE AVAILABLE

REQUEST
FORECAST

DETAILED MODEL BASIC MODEL

FOR MOST OF THE BUILDINGS
• TEMPERATURE

• MASS FLOW RATES
ARE MEASURED BY SMART METERS
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REQUEST
FORECAST

POINTS WELL DETECTED

AUTOMATIC TOOL FOR MAIN POINT DETECTION

PRE-

PROC

Guelpa, E., Marincioni, L., & Verda, V. (2019). Towards 4th generation district heating: Prediction of 

building thermal load for optimal management. Energy, 171, 510-522.
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REQUEST
FORECAST

THERMAL PROFILE PREDICTION

PROFILES WELL DETECTED

USER LEVEL DISTRIBUTION NETWORK LEVEL

Guelpa, E., Marincioni, L., & Verda, V. (2019). Towards 4th generation district heating: Prediction of 

building thermal load for optimal management. Energy, 171, 510-522.



PEAK SHAVING
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AUTOMATIC TOOL FOR 
OPTIMALLY SHAVE THE THERMAL 
PEAK

Politecnico di Torino
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FIND THE BEST SET OF 
ANTICIPATIONS 

IN ORDER TO MINIMIZE THE 
PEAK REQUEST

ANTICIPATION
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PEAK SHAVING THROUGH USER RESCHEDULING

ADOPTION OF A THERMO-
FLUIDYNAMIC MODEL
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PEAK SHAVING THROUGH USER RESCHEDULING

• NUMBER OF USERS WITH ADJUSTABLE SCHEDULE

• LIMITATIONS IN THE MODIFICATION OF THE 
SWITCHING ON TIME
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PEAK 
SHAVING

PEAK SHAVING THROUGH USER RESCHEDULING

Guelpa, E., Deputato, S., & Verda, V. (2018). Thermal request optimization in district heating networks using a 

clustering approach. Applied Energy, 228, 608-617.
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PEAK 
SHAVING

PEAK SHAVING THROUGH USER RESCHEDULING

MEAN REDUCTION OF THE THERMAL PEAK: 

-15 %

(less than 30% build, max 20 min antic)

ANTICIPATION
FLATTENING

Guelpa, E., Marincioni, L., Deputato, S., Capone, M., 

Amelio, S., Pochettino, E., & Verda, V. (2019). 

Demand side management in district heating

networks: a real application. Energy, 182, 433-442.
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PEAK 
SHAVING

PEAK SHAVING THROUGH USER RESCHEDULING

11,47 %

Boilers: 2,3% total thermal energy
Boilers: 0,46% total thermal energy

∆𝑷𝒎𝒐𝒓𝒏𝒊𝒏𝒈 𝒑𝒆𝒂𝒌 = 𝟐𝟔, 𝟗𝟖 %

∆𝑬𝑷 = −𝟑. 𝟖%
∆𝑬𝒎𝒊𝒔𝒔𝒊𝒐𝒏 = −𝟐𝟔𝟖 𝒌𝒈𝑪𝑶𝟐

COGENERATION BOILERS

Time
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PEAK 
SHAVING

PEAK SHAVING THROUGH CHANGE IN CONTROL STRATEGY

substation heat exchanger

T1

T2

T3

T4

primary side

(DH network)

secondary side

(user circuit)

Climatic

curve 

regulator

T1

T2

T3

T4

primary side

(DH network)

secondary side

(user circuit)

DRT

+ -

T_envsetting data
T_envsetting data

substation heat exchanger

a) b)

Guelpa, E., & Marincioni, L. (2019). Demand side management in district heating systems by innovative 

control. Energy, 188, 116037.
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PEAK 
SHAVING

PEAK SHAVING THROUGH CHANGE IN CONTROL STRATEGY

Guelpa, E., & Marincioni, L. (2019). Demand side management in district heating systems by innovative 

control. Energy, 188, 116037.



COMFORT CONTROL
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AUTOMATIC TOOL FOR 
EVALUATING THE INDOOR 
COMFORT (WITHOUT EXTRA 
DATA)

Politecnico di Torino
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INDOOR 
COMFORT 
CONTROL

INDOOR COMFROT CONTROL

A model ONLY RELY ON:

available data from the thermal substations 

the building volume 

Building 

thermal 

capacity

Building 

overall 

transmittance

Average 

indoor 

temperature 

evolution

This is a simple model aimed at evaluating the modification in the indoor temperature 

(comparing before and after the demand side management)



CONCLUSIONS
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SUBTASK A (Collaboration models): 
Discussion/collaboration with agencies 

Politecnico di Torino

SUBTASK B (Technology at the building level):
Platform/new control strategy devices and test on water storage in 
substations 

SUBTASK C (Methods and Tools):
Methods for fouling detection/load prediction/best rescheduling

SUBTASK D (Case studies): 
Test Case Turin
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