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ABSTRACT

Small and medium size district heating networks have seen some spread over the last two decades, especially in
cities which are not supplied by natural gas grids. In this paper, the authors investigate the energetic feasibility
of a small district heating network feeding two schools in a city of Southern Italy (Mondragone). In particular,
the district heating is powered by a low-temperature geothermal fluid pumped from a well located 2.1 km away
from the city center. Geothermal fluid has a temperature of 34<C and a flow rate of 6 I/s. The buildings have
been rehabilitated by an energy point of view and are equipped of low-temperature fan-coils in order to ensure
their compatibility with the 4t generation district heating system. Energy analysis were conducted through the
implementation of transient simulation model in TRNSYS environment. The feasibility of two configurations of
the system is compared: the first, with one heat pump installed nearby the geothermal well feeding the grid, and
the second one with the heat pumps installed in each building substation. Transient simulations results show
that the first configuration is energetically less efficient than the second one due to the high thermal losses (55%

of the total consumption) of the district supply pipes.

Keywords: District heating, Geothermal energy, Heat pump, Efficiency, Renewable energy.

1. INTRODUCTION

Over the last 40 years, an important attention was given
within the scientific production to climate change [1]. The
measures of European Union known as “20-20-20” targets
[2], must be reached all over the Europe. One of the three
targets aims to increase the use of renewable energy source of
the 20% respect the 1990 ones [4]. This objective can be
achieved even through the use of geothermal energy that
could provide a contribution to reduce the fossil fuel
consumption and the environmental problems [3], as stated
even in the European directive 2009/28/EC [4].

Data collected in 2010 show that the electricity production
in Italy from geothermal source was equal to 1.8% of the total
national [5] one. The two geothermal plants located in
Tuscany area (Larderello-Travale/Radicondoli and Mount
Amiata) produce 5700 GWh. [6].

Possible uses of geothermal resources can vary as a
function of geothermal fluid temperature [7-8].

Electricity energy production for temperatures higher than
90 =C ; direct uses of thermal energy for space heating and
industrial and agriculture production with temperature lower
than 90 <C and, finally, in the case of fluid temperature
between 30 and 50 <C for special processes [9] .
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In particular, in this paper, the authors analyze the energy
feasibility of a small district heating network feeding two
schools in a city in southern Italy (Mondragone), which
benefited the funds for the redevelopment of school
buildings.

Sustainable district heating serving the public buildings
and the improvement of the materials used for construction
[10] can have significant effect on reducing of the GHG
emission and the air pollution [11]. A centralized local
thermal energy system, which can produce hot and cold fluid,
and then distribute them throughout the community, has a
significant potential to contribute to solving society’s energy
challenges [12].

Many papers [13-17] across the district heating in Italy
showed that the small and medium networks have had some
spread over the last two decades in the northern Italy. The
most part of these networks are powered by thermal energy
obtain from renewable sources. In the Mediterranean area,
there are not district heating networks because the cooling
demand is higher than the thermal one such the district
networks construction is not economically viable. In the Izmir
city, in Balcova area (Turkey), a district heating/cooling has
been built [18]. Ozgener et al. [18] focused their work on
network losses heat exchangers losses, pumps and fuel



consumption in order to outline a feasibility study of the
system. It therefore appears, there still be a relevant space for
the study and the realization of initiatives of this type, as well
as for the dissemination of networks that allow to recovery
thermal energy produced by the industries or from a
geothermal source and transfer it to the users surrounding, for
example civil, industrial or agricultural utilities.

1.1 Geothermal source

It is important to remark that this work connected to the
Vigor project [19], which aims at the developing of methods
and technologies suited to promote the use of geothermal
energy in Campania region (Southern Italy).

Within this project, a geothermal site has been located near
the town of Mondragone.

The city has a population of 27,000 inhabitants and is
located in the northern part of the Campania region, in the
province of Caserta. The town is built on a small hill about 10
m above sea level, between the rivers Garigliano and
Volturno. The municipal area is about 54 km?. Inside this
one, it is situated entirely the area objective of the project,
which covers about 20 km?[20]. The other data of the city are
summarized in Table 1 [21].

Table 1. Urban Setting

City Mondragone
Climatic Area C
Heating degree days (HDD)  1.060

Heating Season 16th November - 31th March

In this area are identified two thermal anomalies related to
sources of two areas called “Le Vagnole” and “Palude”
(Santa Maria dell'Incaldana/Petrinum well). The water source
used for the purposes of this study consists of Petrinum well,
located in the northern part of the town, as shown in Figure 1.
In this figure, the target area subject of study and the site
location of interest are identified by the red line and dot,
respectively.

Figure 1. Site location of interest

In Mondragone town evidence of hydrothermal activity are
known since the 111 century BC.
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Geothermal system is characterized by surface
manifestations of thermal mineral waters with a maximum
temperature of about 50 <C and high gas content [19].

The analysis of past data and the new data acquisition has
been performed, and it allowed to specify the presence in the
target area of a system of hydrothermal circulation. The data
outlined for the Padula/Petrinum well area a temperature not
less than 33 ©C and, a maximum flowrate of 23 I/s that can
be suitable for a direct use of geothermal source [22].

According to the measurements conducted on wells
surrounding the case study area and on the surveys conducted
in the drilling field, it has been possible to reconstruct a
continuous log of the geothermal fluid temperatures inside the
well (and with a temporary casing). The main change
temperatures intervals for the heating plant interest depths
are summarized in Table 2

Table 2. Geothermal Water Temperature

Depth from ground level (m) | Temperature (°C)
0-32 38.5 - 40.00
32-124 40.00

124 - 160 40.00 — 36.00

The available geothermal source can be classified as
conventional, because its exploitation is closely linked to the
presence of a hydrothermal system at low enthalpy, since the
temperatures of the fluid does not reach 50 °C.

Once defined the geothermal reservoir, the possible uses of
the resource have been investigated, by analyzing the context
of Mondragone city by a social and economic point of view.

1.2 Case study

After the examination of various design assumptions, it has
been decided to develop a district heating network at service
of seven public school buildings.

It is important to note that the development of the network
is planned in two different steps:

« first, it will be built the main loop and two branches that
connect only two schools buildings using 6 /s with respect to
to the maximum available flow rate equal to 23 I/s (Leonardo
da Vinci and Il Circolo) (scenario 1);

* subsequently the network will be further extended in the
area and the energy carrier will reach, through a widespread
distribution, seven schools using the maximum available flow
rate of 23 I/s (scenario 2).
This work presents the results for the scenario 1 where only
two schools are connected to the district heating network. In
this scenario, two configurations relating to the different
positioning of the heat pumps were analyzed (Classic DHC
configuration, Substation DHC configuration).

2. SYSTEM LAYOUT

The Central Thermal Plant DH Configuration and the
Substation DH Configuration are reported in Figure 2 and 3,
respectively; where for sake of clarity only the main
components are displayed.

The Figure 2 shows the system configuration with the heat
pump installed nearby the geothermal well, whereas the
second one shows the system configuration when the heat
pumps are installed in each building. Both systems are used



in order to provide space heating in the winter season (from
16" November to 31st March) [23]. The traditional DH
system (central thermal plant) provides space heating to the
users with a hot fluid (produced by the reversible heat pump)
that is distributed with a piping ring among the system users.
In particular, the presence of a heat exchanger, installed on
the district piping line and couple d with the hydronic system
of each user, ensures the thermal energy supply in order to
satisfy the thermal demand of the building. In the substation
DH configuration, the district water temperature is increased
by a heat exchanger supplied by hot well (aquifer) water. The
district piping system fluid is successively supplied (at low
temperature) by the piping system to the load side of the
reversible heat pumps of each building.

HGF . HP: Reversible Heat pump P: Pump
-Hphre  HEWE: Hot Geothermal Extraction Well T Thermal Regulation Tank D: Diverter
-DHW  HRWE: Hot Geothermal Reinjection Well  SHE: Substation Heat Exchanger M: Mixer
“HW  HGHE: Hot Geothermal Heat Exchanger FC: Fan coil system
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Figure 2. Central thermal plant DH Layout

The system layout includes several operating fluids,
namely:

- hot geothermal fluid, HGF: geothermal hot fluid flowing
from the submersible pump in the well to the geothermal heat
exchanger in the central plant;

- heat pump heat transfer fluid, HPHTF; water flowing
from the geothermal heat exchanger to the evaporator of the
heat pumps and flowing from the condenser of the reversible
heat pumps to the thermal regulation tanks;

- district hot water, DHW: water flowing inside the piping
system of the district heating system;

- hot water, HW: circulating hot water in the building
hydronic system;

The main components are as follows:

- a geothermal extraction well, HEWE, which provides hot
geothermal water to the hot geothermal heat exchanger;

- a geothermal reinjection well, HRWE, which reinjects
hot geothermal water to the deep aquifer;

- a geothermal heat exchanger, HGHE, used to supply the
source side of heat pump with geothermal energy or to heat
the district piping system fluid;

- a water to water heat pump, HP;

- thermal regulation hot water storage tanks, TK, used in
order to reduce the number of on/off events of the reversible
heat pump HP and in order to ensure a proper operation of
the district heating/cooling network and of the hydronic
system of the buildings;

- a district heating network, DHN consisting of a buried
piping system used in order to transport the thermal energy to
the district users;

- two substation heat exchangers, SHE, used in order to
transfer the heat between the district hot water DHW to the
hydronic system water of each building;
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- a fan coil system, FC, that supplies thermal energy for
space heating of the building accordingly to the indoor
temperature control strategy.

- some fixed-volume pumps, P, for the fluids loops.

- some flow mixers, M, and diverters, D, adopted in order
to control and distribute the fluid circulating within the loops.

- some additional components: sensors, controllers
(feedback and on/off with hysteresis) and schedulers (daily,
weekly and seasonal). These components are not displayed in
Figure 2, for brevity.

The presented district heating system (DH) was modelled
and dynamically simulated in TRNSYS software [24]. In
TRNSYS environment were implemented other mandatory
components (weather database, plotters, printers, integrators)
in order to perform the system simulation and to obtain the
output data. Moreover, the system components were set with
accurately selected design parameters in order to perform a
correct system operation and to meet the energy demand of
the system users, e.g. set-point temperatures, temperature
deadbands for the components and system operation time
schedule.
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Figure 3. Substation DH Layout

The basic operating principle and the controls strategies of
the system are summarized in the following subsections. The
two system layouts (classic and substation configuration) are
similar thus the operation principle is quite similar for both
layouts. The building fan coil system is independent with
respect to the district system configuration. In particular, for
both configurations the space heating/cooling strategy is
described as follows. In winter, when the building indoor
zone air temperature falls below 19 <C, the hot fluid of the
hydronic system is supplied to the fan-coils. In this case, the
air temperature rises up to 21<C.

2.1 Central thermal plant DH configuration

The HGF is extracted by the submerged pump P1 and
across M1 is supplied to the hot side of HGHE. This one
heats the HPHTF flow that is managed in the closed loop by
P3. From the cold outlet side of HEWE the geothermal
heated HPHTF is supplied to the evaporator side of the
district HP. From the outlet condenser side of HP the heated
HPHTF is supplied by P4 to the regulation tank TK1 in order
to achieve a 55<C set point temperature. The tank feeds the
district piping system by P5, then the hot water is transported
to D2 where is switched in the substation heat exchangers
SHE in order to satisfy the buildings space heating demand.
The presence of diverters D3, D4 and mixers M3, M4



configure a by-pass circuit for the SHEs’. This solution is
adopted in order to control the inlet temperature of the
hydronic system (outlet cold side of SHE). In particular, an
iterative feedback controller regulates the flow of D3 (D4) to
SHE in order to achieve the set point temperature of 45<C.

At the hot outlet side of SHEs the hot district fluid passes
via M3/M4 and M2 and returns to the thermal regulation tank
TK1. During the district heating functioning hours, the
geothermal energy extraction is regulated by the top
temperature of TK1. In particular, when this temperature is
not within the fixed deadband (5055 <C) the activation of
HP and pumps P1, P2, P3 is mandatory to heat the tank to the
set point temperature. This strategy is performed in order to
minimize the electric energy consumption of the
extraction/circulation pumps and of the heat pump.

During the night the district system is turned off and the
temperature inside the piping network decreases due to the
thermal losses to the surrounding ground, thus at the
beginning of the building hydronic system activation the
temperature of the supplied district hot fluid is too low to
satisfy the space heating demand. As a consequence, the
activation of the district heating network occurs one hour
before the start of the space heating inside the buildings,
because the district hot fluid produced by HP and supplied by
TK1 takes about one hour to reach the substation heat
exchangers.

2.2 Substation DH configuration

This layout is similar to the classic one; the difference is
that the district fluid DHW is heated directly by the
geothermal heat exchangers and in each building a heat pump
coupled with a regulation tank is installed. In winter, HGF is
supplied through to the hot side of HGHE by means of P1, so
the district hot fluid circulating on the cold side of HGHE is
heated. This fluid is pumped by P3 across the district piping
system to D3 in order to supply the substations reversible
heat pump evaporator. Similarly to the central thermal plant
configuration, from the condenser side of HP1 (HP2) the
HPTF is supplied by P4 (P5) to the hydronic system thermal
regulation tank TK1 (TK2) until is reached the desired set
point temperature (55<C). From the top side of TK1 (TK2)
the heated water is supplied to the building fan coil system in
order to satisfy the buildings space heating demand.

Furthermore, the hydronic heating system operates without
HP contribution when the top temperature of the regulation
tanks is within the fixed dead bands temperatures, 50-55<C.

The described operation is possible due to TK1 (TK2)
thermal energy storage capacity. This control strategy is
performed in order to avoid the unnecessary power
consumption of the heat pumps and the related circulation
pumps when the thermal regulation tanks are thermally
loaded. As for the classic configuration, the district system is
activated one hour before the space heating/cooling activation
inside the buildings due to the district fluid transport time.

3. MODEL

The system described in the previous section was modelled
and dynamically simulated in TRNSYS [24]. This software
includes a large library of built-in components, often
validated by experimental data [25], and allows one to
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calculate energy, mass flows and temperature profiles for the
components of the system for whatever time period.
Moreover, with the tool is possible permits to evaluate the
energetic performance of the system under investigation due
to the capability to integrate the data on whatever time period
(hours, days, weeks, months or years). In order to perform the
system modeling, some components models were taken from
the software library (e.g. pumps, mixers, diverters, valves,
controllers, gas burner, reversible water to water heat pump,
building, etc.), while specific models have been also
developed for the calculations of primary energy savings and
for the management/control of the system. It is worth noting
that, all models of the components included in the software
library and implemented in the system are validated against
experimental and/or manufacturer data. For example, the
reversible heat pump model is based on manufacturer’s data,
so its performance is intrinsically validated. A complete
validation of the system as a whole is not possible because
the system is not realized, but all models of the components
included in the systems are very reliable and validated.

For sake of brevity, in the following only a brief
description is reported only for the main system components
(building, reversible heat pump and pipes); a detailed
description of the all models used for the remaining
components is available in the TRNSYS reference [25] type
3b for the single velocity pumps, type 751 for GB, type 60 for
TK1, Type 11 for diverter and mixers, type 91 for the
geothermal heat exchanger.

3.1 Building

The buildings are modeled in TRNSYS with TRNBUILD
application (type 56) [24]. In this software the information
about the buildings are implemented with TRNSYS3d, a
Google SketchUP plugin [26]. In particular, geometric shape,
exposure, and part of the layout of the rooms of the school
buildings were used to model the thermal behavior of the
building in TRNSYS3d. A simplification of the building
geometry is performed in order to assess a reliable thermal
model of the building, and to avoid an excessively long
computational time. In the building model are also
implemented the thermo-physical characteristics of all the
architectural elements of the considered buildings (windows,
internal and external walls, Table 3) The simulated buildings
are divided into thermal zones identified by the exposure of
the zone, intended use, thermal loads and ventilation rate. In
particular, the schools “II Circolo” and “Leonardo da Vinci”
are modeled with three thermal zones. In addition, two other
thermal zones are identified for the gym attached to the
“Leonardo da Vinci” school (Table 4 and Table 5).

For the model of each thermal zone are assumed:

1. spatial uniformity of the air temperature;

2. unique value of the temperature set-point;

3. the same type of space conditioning installation.

In addition, for each zone the scheduling regarding the
occupancy, based on data collected in the field, are used. In
order to validate the proposed model a study about the
buildings energy consumption was performed, in particular an
energetic audit allowed to obtain an estimation of the
buildings consumption in the steady state conditions. The
collected data was used to compare the simulation results and
to validate the building thermal model (omitted here for sake
of brevity).



Table 3. Input parameters of the geometric and material

building models

[ 11 Circle L. da Vinci
Heated Floor Area 487.0 m? 795.6 m?
Heated Volume 4603.6 m3 7945.6 m?
Ext. Wall Thermal 0.262 WI(m?K) | 0.262 W/(m2K)
Transmittance
Roof Thermal 0.458 W/(m2K) | 0.458 W/(m?K)
Transmittance
Ground-Slab Thermal 0.995 W/(M2K) ~ 0.995 W/(m?K)
Transmittance
Glazing Thermal 2 )
Transmittance 1.27 W/(m2K) | 1.27 W/(m2K)
Frame Thermal 2 2
Transmittance 2.26 W/(m2K) | 2.26 W/(m2K)
Solar Factor Glazing 0.5 0.5

Table 4. Thermal Load per thermal zone

Thermal Load

People Ll(g/\t;;ng?)l f

11 Circle

e Zonel 37 10

e Zonez2 70 10

e Zone3 308 10
Leonardo da Vinci

e Zonel 37 10

e Zone2 70 10

e Zone3 308 10
Gym Building

e Zonel 47 5

e Zone?2 39 5

Table 5. Use and Rate Ventilation per thermal zone

11 Circle Use Ventilation rate
(vol/h)
e Zonel 8:00-13:00 0.8
e Zone?2 8:00-13:00 0.8
e Zone3 8:00-13:00 0.8
Leonardo da Vinci
e Zonel 8:00-13:00 0.8
e Zone?2 8:00-13:00 0.8
e Zone3 8:00-13:00 0.8
Gym Building
e Zonel 8:00-13:00 0.8
e Zone?2 8:00-13:00 0.8

3.2 Reversible heat pump

A reversible heat pump, HP, was used for district heating
purposes. In particular, a single-stage reversible water-to-
water heat pump was considered. In the system model, the
heat pump was simulated by implementing the type 668 of
TRNSYS library [25] based on user-supplied data files. In
particular, the user-supplied data consists of heating capacity
and power consumption for the different operating conditions
obtained by manufacturer catalog data. The performance data
files were generated taking into account the load value, the
source temperatures and liquid mass flow rates for both
evaporator and condensator sides of the heat pump. Thus,
manufacturer data were used by the authors in order to
validate the model of the component. In particular, an
AERMEC® WSA [27] reversible heat pump type was
selected.
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3.3 Pipe

The district heating system network and the hydronic
system of each school building is realized with a piping
system. In particular, the piping is adopted in order to
transport the hot fluid to the users of the district heating
network, while for the building hydronic system the pipes are
used to distribute the hot fluid to the fan coil system. For this
purposes, the TRNSYS built-in Type 31 pipe was selected. In
order to perform the thermal behavior of the fluid flow inside
the pipe or duct, the component is modelled using variable
size segments of fluid flow. In particular, the pipe fluid
dynamic is modelled with a plug-flow regime where no
mixing and conduction effects between adjacent segments are
considered.

The piping system is implemented in order to take into
account the dynamic behavior of the DH network and of the
building hydronic system. In a DH system there is a time
delay between the heating production and the thermal energy
supply to the network users due to flowing fluid velocity. In
particular, the heated fluid produced in the heating plant
reaches the users after a time interval defined by the ratio of
piping length and fluid velocity. This effect is major in the
DH system with respect to the hydronic system where the
piping length is significantly lower. Moreover, the
implementation of the pipe model listed above allows to
calculate the piping system thermal losses for both DH and
hydronic systems. The heat loss exchange coefficients for the
piping systems were accurately evaluated taking into account
the different type of pipe installation (buried or building
integrated).

4. RESULTS

The performance of both systems were analyzed trough
daily, monthly and annual simulations. A time step of 0.1
hour was selected in order to promote the convergence of
simulations.

4.1 Daily results

One typical day, February 14%, for winter season was
selected as example, of dynamic operation of the system. In
Figure 4 are shown the daily trends of electrical and thermal
energies and the trend of Coefficient of Performance, COP,
for Central Thermal Plant DH configuration.

During the first hours of the day, when the buildings
heating system is turned on, the electric and thermal energy
demand (EE,HP and TE,REQ) is very high. This occurs
because the buildings air temperature decreased during the
night hours. After 8:00 a.m., the demand it rapidly decreases
due to internal gains (people and devices) and solar radiation.

It is important to note that, the electric consumption of the
heat pump is significant due to the network thermal losses. It
can be observed that the network thermal losses remain even
when the buildings thermal demand is reset due to the
difference between the network hot water and ground
temperature. Moreover, the COP of the heat pump is almost
constant during operating hours.

In Figure 5 daily result for Substation DH configuration
are presented. In this configuration, the network water
temperature is approximately 27°C because the heat pumps
are located in the substations of schools. As consequence, the
network thermal losses are significantly lower compared to



the first configuration due to a smaller temperature difference
between water and ground (55°C+15°C versus 27°C+15°C).
The electric energy demand (EE, HP1, EEHP2) of both heat
pumps is lower with respect to the single heat pump installed

in the first configuration. This occurs because the heat pumps
do not supply thermal energy for the heating of district
network water.
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3 L 35 o —EEHP
g 1500 3
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g 258 __TereQ
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Figure 4. Daily results for Central Thermal Plant DH configuration
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Figure 5. Daily results for Substation DH configuration

4.2 Monthly results

Monthly values of thermal and electric energies are shown
in Figure 6 and Figure 7 for thermal central and substation
DH configuration, respectively.

In the first case, the thermal energy demand of the
buildings, TE, REQ, is very high in December, January and
February in according to the relatively low external air
temperature.

The thermal energy supplied by the tank, TE,TK,OUT, is
the energy sent to district network and it is obviously highest
than the sum of the grid thermal losses, TE,loss, and the
energy request of buildings TE,REQ. It must be noted that the
thermal energy losses are higher than the buildings energy
demand. In particular, the first one is 74% and 28% higher
with respect to the second one in November and February,
respectively. Only in January the energy demand is 27 %
greater than the energy losses due to the relatively high
building thermal demand in such month.

As discussed before, the district hot water returns to the
tank within the district network closed loop; the return water
temperature is decreased respect to the input one temperature
due to grid thermal losses and due to the heat exchanged in
the substation, needed to supply the heat pump and to heat the
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inertial tank. In fact, the thermal energy supplied by the
condenser, TE,HP,cond, is approximately equal to the input
thermal energy of the tank (TE,TK,in). The negligible
difference between TE,HP,cond and TE,TK,in is due to the
thermal loss of the loop between the heat pump and the tank.
Finally, in Figure 6 1is reported the -electric energy
consumption of the heat pump. The relatively low electrical
energy consumption is due to the high efficiency unit in terms
of COP wvalue (3.80). The monthly COP value is
approximately constant because the geothermal source
temperature and the variation of the condenser inlet
temperature are almost constant during the heat pump
operation.

In Figure 6 are reported the results of substation DH
configuration simulations. The thermal energy and electric
energy values reported take in account both heat pumps and
inertial tanks located in the substations. In the substation DH
configuration, the EE,HP and TE,HP are the electric energy
consumption and the thermal energy production of both
substations heat pumps respectively. In this case, the
difference between the TE,HP,cond and TE,REQ is reduced
with respect to the first configuration because the only
thermal losses that affect this difference are relative to the
shorter “heat pump-tank™ and “tank-fan-coil” loops. The TE



loss, reported in Figure 7, denotes the thermal energy losses
in the network loop, this value is 65% lower per every month
with respect to the central thermal configuration due to a
smaller gap between the ground and water loop temperature.

Finally, the TE,TK,in and TE,TK,out are reported; the
difference represents the thermal losses of the tanks. The
thermal losses are higher with respect to the central
configuration because the storage tanks volume in the
substation configuration are lower and, as a consequence, the
losses are higher at the same temperature conditions (central
and substation configuration)
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= EEHP
TE,HP,cond
u TE,REQ
®TE,loss
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TE, TK,out
uTE,HP,evap

15000 -

10000 -

5000 -

Electric and Thermal Energies (kWh)
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Figure 6. Monthly results for Central Thermal Plant DH
configuration
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Figure 7. Monthly results for Substation DH configuration
4.3 Yearly results

Table 6. Thermal Load per thermal zone

Subs_tation_
Parameter S)Gnr:‘tigzlration configuration Unit

Il Circolo L. da Vinci
EE,aux 1.68E+04 1.01E+04 kWh/year
EE,HP 2.04E+04 2.38E+03 5.45E+03  kWh/year
TE,HP,cond 7.78E+04 9.24E+03 2.10E+04  kWh/year
TE,HP,eva 5.74E+04 6.86E+03 1.55E+04  kWh/year
TE, TK,in 7.72E+04 8.57E+03 2.05E+04  kWh/year
TE, TK,out 7.35E+04 6.81E+03 1.79E+04  kWh/year
TE,loss 4.66E+04 1.49E+04 kWh/year
TE,REQ 2.73E+04 6.81E+03 1.81E+04  kWh/year
SCOP 3.81E+00 3.88E+00 3.85E+00 -
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The results on a yearly basis are presented in this section
for both configurations.

Considering the same buildings energy demand, the
auxiliary equipment (pumps and fans) and heat pumps
electric energy consumptions, EE,aux and EE,HP, in the
substation configuration are 40% and 62% lower with respect
to the central thermal plant configuration, respectively.

The thermal energy production by the heat pump and the
thermal energy supplied from the tank in the central DH
configuration is 61% and 66% higher than the second one.

The value of seasonal performance coefficient of heat
pumps remains almost the same for both configurations.

5. CONCLUSION

The energetic feasibility of the realization of a fourth
generation district heating network for the city of
Mondragone in Southern Italy is analyzed. In particular, the
study focuses on the first stage of operation the district
heating, where only two school buildings are connected to the
network.

The performed analysis provides detailed data about the
energetic performance of the geothermal district heating
system. Moreover, two district heating system configurations
are considered, centralized and decentralized (substation)
heat pump installation.

The analysis carried out shows that:

» the adoption of a fourth generation district heating system
must be coupled with an improvement of the energetic
performance of the building (building and facade
requalification), due to the low district supply temperature
and to the adoption of low temperature heating terminals;

* the district heating network with a central heat pump
configuration has a 62% higher electric energy consumption
with respect to the one with two heat pumps installed in each
building substation. This is due to the thermal energy
supplied to the network in order to ensure its operating
temperature (55°C);
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NOMENCLATURE

COP Coefficient Of Performance

D Diverters

DHN Dictrict Heating Network

DHW District Hot Water

EE,aux Auxiliary electric energy consumption
EE,HP Electric Energy Consumption of HP
ET,HP,cond HP Condenser Thermal Energy
TE,loss Network Thermal Energy Losses
TE,REQ Building Thermal Energy Demand
TE,TK,in Input Thermal Energy of the Tank

Available:
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TE, TK,OUT
FC
HEWE
HGHE
HGF
HP
HPHTF
HRWE
HW

M

P

SHE
SIV

TK

Out Thermal Energy of the Tank
Fan Coil

Geothermal Extraction Well
Geothermal Heat Exchanger
Hot Geothermal Fluid

Water to Water Heat Pump
Heat Pump Heat Transfer Fluid
Geothermal Reinjection Well
Buildings Hot Water

Flow Mixers

Pump

Substation Heat Exchanger
Surface area to Volume ratio
Thermal Regulation Tanks





