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The Italian and European urban areas that choose to 

adopt combined heat and power plants associated with 

district heating networks are constantly growing and 

public interest and scientific research in this field are 

also increasing. 

Over the years many studies have demonstrated 

improvements in energy efficiency and environmental 

advantages resulting from the use of district heating 

systems, by evaluating primary energy savings [1] [2] 

and the reduction of local pollutants.  

Environmental issues have been developed through 

studies focusing on CO2 reduction [3] and on the effects 

concerning other pollutants (PM, NOx) [4] [5]. In order 

to evaluate the decrease in pollutants achieved by the 

combined production of heat and power, new 

parameters have been developed [6] [7] and 

investigation has also been extended towards new 

scenarios, such as low-energy residential buildings. [8] 

Other studies have addressed the issue of energy 

policies, which are becoming more and more 

widespread in order to promote cogenerative 

conversion. Many papers have studied and 

discussed the policies of different countries, in 

particular in Northern Europe, which have some of the 

most developed networks. The analyses led by Westin 

and Lagergren [9] have examined the consequences of 

the electricity market reforms on the district heating 

(DH) industry in Sweden, other studies also considered 

the consequences of introducing wood fuel [10] and 

waste incineration [11] into the system.  In Denmark, 

Munksgaard et al. investigated the potential for 

increasing productivity in the Danish district heating 

production [12] ; Agrell and Bogetoft [13] estimated the 

impact of Government, market and managerial policies 

on the Danish DH sector, that has been compared with 

the European DH market in [14]. 

In order to consider the implications of national 

programs and policies in district heating development, 

many planning tools have been developed. The 

simulation tool HEATSPOT has been used to evaluate 

the Swedish DH production [15]; the program 

EnergyPLAN has been used to analyze the 

consequences of different regulation strategies in the 

Danish electricity system [16], in the national system 

[17] and in the local DH development [18].  

During the last decade, a number of simulation 

codes have been developed. Some of them are useful in 

the planning phase because they give mid-term results 

[19], others are useful to estimate the correct size of the 

production plant [20], others to design different DH 

configurations, such as the integration of electric heat 

pumps and CHP (Combined Heat and Power) plants 

[21] or small scale trigeneration equipment [22].  

Several papers have examined particular 

technological aspects related to the operation of CHP 

plants, e.g. evaluating the different CHP sizes [23], the 

performances  at low loads [24] and the 

minimization of the operation costs [25]. Some studies 

have focused their attention on other district heating 

components, such as heat storage systems. Bogdan and 

Kopjar [26] evaluated the economic benefits related to 

the introduction of heat storage tanks in the Zagreb DH 

system; Verda and Colella [27] developed a fluid-

dynamic model of the heat storage behaviour, which 

also estimated annual primary energy savings. 
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This paper takes a similar approach to the above. It 

starts from a specific case study and aims to 

develop an analytical tool which can be applied 

in different contexts. The tool is able to evaluate 

the future thermal profile of a city and to study the 

contribution of the heat storage in the fulfillment of 

thermal requirements. The contribution  of the storage 

is evaluated in terms of the energy used which is 

connected to an increase of CHP production 

and primary energy savings. 
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This paper uses the district heating system (DHS) of 

the city of Turin as a case study as it is one of the 

most important in Italy and Europe due to its size 

and complexity.  

The  development of the district heating in the urban 

area of Turin  started in the early 80s as provided by the 

strategic directions of the Piedmont Region and the 

Province of Turin. The system has been developed over 

the years thanks to several expansion projects, that 

involved initially the South of Turin (27 million m
3 

joined) and then the city Center (12 million m
3
 joined). 

 

The current situation. 
This paper has analyzed the operational data of all 

the production plants feeding the DHS from October 

2001 to September 2011, studying the plants 

transformations occurred during this period and the 

network expansions up to the current situation.  

Currently the network runs for 350 km and it is able 

to supply 39 Mm3 of buildings, the equivalent of nearly 

40% of the heated volume of buildings in Turin or 

400,000 citizens. 84% of the users connected to the grid 

belong to the residential sector and only 16% to the 

tertiary sector. 

The generation plants that supply the system 

include:  two units of combined cycle gas turbines 

(CCGT) in CHP production, characterized by a 

maximum thermal production of 260 MW each, several 

backup boilers for an overall thermal capacity of 868 

MW, located in three different areas of the DHS, and a 

heat storage system of 2400 m
3
. The characteristics of 

the equipment are summarized in Table 2 in green 

(Additional information is available in [28]). 

The current total heat requirement of the DHS is 

1800 GWh and it is mainly satisfied  (79%) by the use 

of combined cycles and to a lesser extent (21%) with 

backup boilers. Moreover 3% of the share produced by 

the combined cycle is delivered to the final users 

through the use of heat storage. 

 

 

Fig.  1. Current thermal requirement of Turin DHS divided by 

different production plants 

Future developments. 
Over the next years the Turin district heating system 

is going to be extended through several projects that 

involve the connection of new areas in the North of the 

city. 

Thanks to the positive results of the storage systems 

at Politecnico, the installation of new storage systems 

has been planned for all new sites. Moreover, in the 

Torino Nord plant, a new combined heat and power 

plant has been built in order to connect 18 million m
3
 

new users in the North of Turin and, in the Torino Nord 

Est plant, a backup boiler has also been scheduled.  

These projects will extend the urban network from 

the current 39 million m
3
 of district heating to a total of 

73 million m
3
.Thanks to the positive results of the 

storages at Politecnico, in all sites it has been planned 

the installation of storages. Moreover, in Torino Nord, a 

new combined heat and power plant has been realized 

in order to connect 18 million m
3
 new users in the 

Northern Turin and, in the Torino Nord Est plant, a 

backup boiler is also scheduled.  

These projects will extend the urban network from 

the current 39 million m
3
 of district heating to a total of 

73 million m
3
. 
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Table 1 

DHS extension – current and future situation 

 
Heated buildings volume [Mm

3
] 

Current situation  39 

Future developments 34 

Total  73 

Fig.  2. Current (green colour) and future (yellow colour) areas of 

Turin DHS and different production plants 

 

 

 

 

Table 2 

Current and future plants feeding the Turin district heating 

Equipment 

Electrical 

capacity 

[MWe] 

Thermal 

capacity 

[MWt] 

Current situation 
  

Moncalieri 2GT RPW (CCGT) 395-340 0-260 

Moncalieri 3GT (CCGT) 383-322 0-260 

Moncalieri backup boilers - 141 

BIT backup boilers  - 255 

Politecnico backup boilers - 255 

Politecnico heat storages - 170*
 

Mirafiori backup boilers - 35 

Overall capacity - Current situation 662 1.376 

Future development 
  

Torino Nord GT (CCGT) 390-340 0-220 

Torino Nord backup boilers  - 340 

Torino Nord heat storages - 340* 

Torino Nord-Est backup boilers  - 270 

Torino Nord-Est heat storages - 340* 

Martinetto heat storages - 340* 

Overall capacity –  

Current situation + Future 

development 

1.002 3.226 

* Peak capacity that storage is able to deliver. Heat storage systems 

are made up of several tanks with size of 800 m
3
, that provide 56 

MWt each. 
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Analysis of heat demand. 

A detailed study of the Turin district heating 

consumption and plants operation was performed. Data 

from all the production plants feeding the network 

during the last 10 years were collected and analyzed 

with a time step of 12 minutes. In particular thermal 

power, flow rate, inlet temperature in the grid and outlet 

temperature were collected for each production plant.  

The data have been analyzed in specific terms 

[W/m
3
], i.e. the heat load has been divided by 

the volume of heated houses, in order to easily 

compare the thermal profiles of different heating 

seasons and to define an average trend significant for 

the Turin users. 

Fig. 3 shows the cumulative profile of the thermal 

requirements during the last ten years. The network 

provides heat for 8760 h/year because some users 

require heat outside the typical heating season, such as 

hospitals and other users who need hot tap water. 

The thermal profiles of the  years maintain similar 

patterns with the exception of some particular years, 

when projects of network extension took place. During 

those periods it was impossible to have synchronized 

data of the connected volumes and the energy delivered 

to the network, therefore these anomalous years were 

excluded in the evaluation of the average load.  

Comparing the profiles of the last ten 

years, a significant average trend for Turin users 

was estimated and its statistical dispersion was 

assessed.  

By using the average trend as reference and the 

future volume connected to the network, the forecasting 

tool can predict not only the overall user 

requirements arising from future expansion of the 

network but also its profile over the year. 

_____________________________________________________________________________________

SIMULATION OF DISTRICT HEATING OPERATION 
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Fig.  3. Cumulative profiles of Turin DHS thermal requirements of the last 10 years. The continuous lines are significant profiles used in 

the average load evaluation, while the dotted lines are anomalous years excluded in the average load evaluation.

Simulation model of district heating operation. 

On the basis of the data of the Turin district heating 

system, the last ten years of plant operation were 

analyzed and the management policies for each type 

of thermal plant were defined in order to develop a 

forecasting model that can simulate the behaviour of 

the thermal storage tanks and the CCGT units.  

During the development of the simulation the 

presence of storage systems and the changes they entail 

in the network thermal requirement were considered.  

These systems are able to store heat at night-time, 

when demand is minimal, and to use it during the early 

hours of the morning, when demand is at its highest. 

During the daytime they can also perform further cycles 

of charge and discharge, but these intermediate 

operation cycles have low relevance because they do 

not affect the proportion covered by cogeneration. For 

these reasons the simulation modelled the behaviour at 

night-time and during the early hours of the morning 

that involve the most significant amount of energy.  

Since discharge of the storages occurs in about one 

hour, in order not to lose information related to 

the storages,  simulations were performed with a quick 

time step (12 minutes). The simulation tool plans the 

intervention of the power plants in the order in which 

they are currently managed; first CHP units, then 

storages and finally backup boilers.  

 

A 

        

B

 

Fig. 4. Example of daily thermal profile of heat storage (A) and its 

effect on the annual profile of the Turin DHS thermal requirement 

(B) 
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During the period analysed the only storage system 

in the network was that of the Politecnico, which was 

taken as an example to define the operation of the 

storage tanks.  

The daily operation of the heat storage is divided 

into two steps: the night charge and the 

morning discharge. In order to define the night charge, 

an average profile of the discharge trends of Politecnico 

storages was calculated and used as a reference for 

night-time operation. Since this average profile is only 

representative of Politecnico storages, in order to 

predict  a trend  for the heat storage systems in Turin, 

the simulation model considers the total volume of 

storages in the city.  

The thermal requirement is made up of users’ needs 

and overnight storage charges. In order to avoid the 

CHP cycles changing their load suddenly, the mean 

power required by the network during the night was 

evaluated and the operation of combined cycles was 

simulated starting from this new thermal demand. 

Since the discharge phase has very 

variable patterns even during a single season of district 

heating, the choice of the storage discharge profile is 

the most complex hypothesis of the simulation model. 

However a seasonal pattern in the management of the 

storages was successfully identified. Fig. 5 shows the 

profiles chosen for the simulation. 

 

 

Fig.  5. Real daily thermal profile of heat storage systems over one 

year and imposed thermal profile 

During the coldest period of the heating season, 

morning demand is high and unpredictable, so the 

discharge of storages is not sufficient to cover it and the 

contribution of boilers is necessary. In order to keep 

boilers ready to reach their peak load, they are kept at 

partial load throughout the morning.  Since the storages 

are only required to provide the difference between 

demand and the heat produced by boilers,  they are 

discharged at lower capacity  than that  achievable. 

In the mid-heating season,  morning  demand  has 

a limited duration and thermal demand rapidly 

returns to lower average values, so the energy 

provided by the storages may in some cases be 

sufficient, if delivered quickly, without requiring  

boilers. For this reason, in these intermediate periods 

the storages are discharged fast. 

Validation of the model. 

This study has also evaluated the simulation 

accuracy. The simulation model was run for a past 

heating season (2009/2010) and the simulated results 

were compared with the real data.  

Comparing the results, it has been demonstrated that 

the model is able to reproduce both the behaviours of 

the CHP plants and of the heat storage systems with an 

acceptable level of accuracy.  

For the CHP plants, the simulation quantitatively 

overestimates the annual energy produced because the 

model considers the planned shutdowns, but it is not 

able to forecast the unexpected outages. 

 

A 

 

B 

 
Fig.  6. Comparison between simulated and real profile for overall 

CHP units (A) and heat storage systems (B) 

In regard to heat storage systems, a difference is 

observed for low values of the thermal power. The 

model estimates the storages trends occurring in the 

morning and by night, but not the charge/discharge in 

the daytime. This is a restriction of the model 

developed, which can be implemented in the future, but 

it does not affect the energy covered by cogeneration. 

The model is able to estimate 75% of the 

total energy managed by the storages. 
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The simulation model presented in this paper was 

applied to the study of the evolution of the district 

heating in the Turin area. Future developments were 

considered in order to analyzed the future DH 

configuration. The model was used to evaluate the 

increase in thermal demand related to the connection of 

new city users and the overall energy requirement. The 

function of heat storage was studied in detail. 

Results. 

The model was used to evaluate the matching 

between new heat demand and the contribution of each 

generation unit. The operation of combined cycles, 

storages and backup boilers was simulated and the 

cumulative curve was performed. 

 

  

Fig. 7. Future thermal requirement of Turin DHS divided by 

different production plants 

In order to evaluate the performances, the overall 

heat production on annual basis by different generation 

units was assessed and it is summarized in Table 3. The 

presence of heat storage systems increases the CHP 

production of 189 GWh per year, that means an 

increase of cogeneration of 7%, and it reduces the 

contribution of backup boiler of 20%. 

The role of heat storage has been shown to 

be essential to optimize the district heating system on 

the whole, in fact they are able to improve the 

efficiency of the system, reducing the peak of heat 

demand and increasing the use of CHP 

units. These energy and operating advantages also 

involve a reduction of primary energy and therefore 

environmental benefits. 

 

 

 

 

 

Table 3 

Energy supplied to DHS by different production plants in 

the future situation 
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The primary energy savings obtained by heat 

storages were assessed. To charge the storages the CHP 

units have to change their night working point (from A 

to B in Fig. 8), increasing the heat production  but 

maintaining the same power output  to sell 

through the power exchange. 

 

 

 

 

Fig.  8. Change in the CCGT units night working point due to the 

charge of heat storage systems 

This operating change entails an increase of fuel 

consumption. On the basis of the average heat-to-power  

ratio (k) of the CCGT units, the increase in fuel 

consumption ( ) may be assessed according to the 

following 

 

(1) 

where:  is the mean power efficiency of CCGT 

units (assumed value of 0.57);  is the average heat-to-

power ratio (assumed value of 4.27);  is the increase 

in fuel consumption;  is the increase in heat 

production;  is the increase in power output without 

CHP. 

This additional fuel consumption is associated to 

heat demand supplied by the storage systems. Without 

heat storage, this amount of thermal energy should be 

produced by backup boilers. 
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Their fuel consumption should be as in the following 

calculation: 

 

(2) 

where:  is the mean efficiency of backup boilers 

(assumed 0.92);  is the increase in fuel 

consumption;  is the increase in heat production. 

 

A 

 

B 
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Fig. 9 shows the results of the assessment of the 

Turin DH system operation in the future development 

scenario. The comparison between the planned 

configuration with heat storage and the theoretical 

configuration without them is analyzed. 

In order to charge the heat storage, the increase in 

CHP production enlarge of 78 GWh the primary energy 

consumption, while the production of the same energy 

by the backup boilers would have caused a primary 

energy consumption of  205 GWh. As a result, the 

storage systems are able to reduce by 62% the primary 

energy consumption to product the energy they store.  

This positive result can be expressed also in terms of 

primary energy savings of the overall DHS, but in this 

case it is important to remember that the greater 

contribution is of the CHP plants, so the primary energy 

savings obtained thanks the storages affect 1% of the 

overall DHS primary energy consumption. 
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This paper carried out a detailed analysis of the last 

ten years of operation of the district heating system of 

the city of Turin and it developed simulation 

models that can estimate the future heat demand and the 

operating of the different heat generation units.  

The model was developed for the case study of 

Turin, but the methodology employed in the analysis is 

more general and it may be applied to other systems.  

This study also investigated the operating of heat 

storages in district heating systems management. It is 

shown that the installation of heat storages optimize the 

efficiency of the district heating system, reducing the 

heat that backup boilers have to produce in the peak 

demand and increasing CHP generation. In this way, 

primary energy savings are obtained. 
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