
ENERGY DEPARTMENT

POLITECNICO DI TORINO

Proper modelling approaches for operational 

simulation and optimization of large district 

heating networks

Elisa Guelpa, Vittorio Verda



WHY NETWORK MODELLING ?
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WHY NETWORK MODELLING ?

DEMAND OF 
BUILDINGS NETWORK THERMAL LOAD
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WHY NETWORK MODELLING ?
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APPLICATION

Turin district heating network

The largest district heating
network in Italy:

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

• 800 km of double pipes

• 182 distribution
networks
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NETWORK MODELS
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NETWORK MODELS

CREATION OF A THREE SHAPED 
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1. FLUID DYNAMIC MODEL

+ 92%

• MASS CONSERVATION EQUATION
• MOMENTUM EQUATION

• MASS CONSERVATION EQUATION

TO OBTAIN:

MASS FLOW RATES PRESSURES 

LOOPED
TREE-SHAPE
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1. COMPACT FLUID DYNAMIC MODEL

+ 92%

TO OBTAIN:

MASS FLOW RATES PRESSURES 

LOOPED
TREE-SHAPE

• MASS CONSERVATION EQUATION
• MOMENTUM EQUATION

• MASS CONSERVATION EQUATION
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NETWORK 
SIMPLIFICATION
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1. COMPACT FLUID DYNAMIC MODEL

LOOPED NETWORK TREE-SHAPED NETWORK
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1. COMPACT FLUID DYNAMIC MODEL

LINEAR MODEL
Total load

Mass flow produced
at each power plant

Mass flows
in the loops

NETWORK 
SIMPLIFICATION

FIND MASS FLOWS 
IN LOOPS
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1. RESULTS

EVALUATION OF MASS FLOW IN THE ENTIRE NETWORK

(TOTAL FLOW RATE ABOUT 2000 KG/S @ 100% LOAD)
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2. COMPACT THERMAL MODEL

1. REAL NETWORK

2.  CLUSTERING 
APPROACH FOR THE 
EQUIVALENT THERMAL 
DYNAMIC

3. EQUIVALENT 
THERMAL NETWORK
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2. RESULTS
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RESULTS - LOAD
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APPLICATION

Optimal installation of 12 MW heat pump on the return network.

Analysis of the possible locations and the various operating
conditions along the year. Evaluation of the thermal losses and 
effects on the thermal plants.
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CONCLUSIONS

ERROR IN 
PREDICTION 
DOES NOT 

AFFECT MUCH 
EVALUATION OF 

PLANT LOAD 
(err<1%)

FAST MODELLING 
OF DISTRICT 

HEATING 
NETWORKS

LINEAR MODEL 
USED TRANSFORM 
LOOP NETS INTO 
TREE SHAPED NET

ERROR ALWAYS 
LOWER THAN 

5%
CLUSTERING 

APPROACH TO 
SOLVE THERMAL 
TRANSIENTS IN 
DISRIBUTION 
NETWORKS

COMPUTATIONAL 
COSTS 

MUCH FASTER 
THAN THE 

FULL 
SOLUTION
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This work has been conducted within the H2020 Project PLANET

Planning and operational tools for optimising energy flows & 
synergies between energy networks

https://www.h2020-planet.eu/
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