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a b s t r a c t

The active volcanic area of Campi Flegrei represents one of the “hottest” sites of worldwide continental
areas. Exploitation for geothermal energy of this volcano is of great interest, because
temperatures>150 �C occur at very shallow depth (0.5e1 km). Since present time, the exploitation of
geothermal energy in Italy, for electric uses, has been confined to the Larderello and Mt. Amiata districts
(Tuscany). With the recent introduction of new Italian regulations, which favor and incentivize inno-
vative pilot power plants (5 MWe), many geothermal projects have been applied to volcanic districts of
Southern Italy, providing a new important input to the development of zero-emission geothermal power
plants. In this framework, we analyzed the sustainability of geothermal exploitation in the high tem-
perature geothermal field of Mofete (Campi Flegrei caldera) in Southern Italy. By a review of all the
available data of drillings performed at Mofete, from 1979 to 1987 by AGIP and ENEL companies, and
using a numerical simulation (TOUGH2®), we evaluate the thermal and pressure perturbation of the
reservoirs, and the possible induced seismicity, due to extraction and reinjection of fluids, at different
depths and temperatures. The results are fundamental in planning a sustainable geothermal energy
production in urbanized and high volcanic risk areas.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Active volcanic areas, and particularly calderas, represent the
sites where the temperature for geothermal applications
(T > 150 �C) can be reached at relatively shallow depth (1e2 km)
[1]. Formation and development of calderas are accompanied by
hydrothermal activity, hot fluids circulation and mineralization
processes [1]. Deformation and fracturing, produced by both
explosive volcanic activity (hydro-magmatic) and collapse-
resurgence processes, increases the permeability of rocks,
enhancing the advection of fluids in the shallow crust and
generating an high heat mass transport [2]. The active volcanic
area of Campi Flegrei caldera (Southern Italy) is one of the
hottest sites of the emerged Earth, with temperature higher than
100 �C at the surface, and geothermal gradients larger than
200�C km�1 recorded in deep drillings. The caldera has been the

site of many geothermal investigations, since the early XX cen-
tury [3]. It is characterized by high heat flow, with maximum
value >150 mWm�2, and diffuse magmatic gases discharge at the
surface [4e6] (Fig. 1). These features encouraged an extensive
campaign for geothermal investigation, started in 1939, with
drillings performed at Ischia island and, later, at Campi Flegrei
and Vesuvius [6]. In the framework of a Joint Venture between
AGIP and ENEL Companies started in 1979, several wells aimed to
the exploitation of high enthalpy geothermal energy, were drilled
in the Campi Flegrei caldera, down to a maximum depth of ~3 km
[3]. The geothermal researches involved mainly two sites: Mofete
and S.Vito geothermal fields, located in western and northern
sector of caldera, respectively. The most interesting site for
geothermal exploitation was the Mofete zone, where a number of
4 productive wells were drilled and tested to produce electrical
power (Fig. 1). Based on data inferred from the productive tests it
was established a potential extractable power from Mofete field
of at least 10 MWe [3]. More recently an empirical evaluation of
geothermal potential of the whole caldera provides a value of few* Corresponding author.
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hundreds of MWe [6]. The opportunity of geothermal exploita-
tion at Campi Flegrei was later abandoned for several reasons.
High salinity of fluids, for instance, was probably the main
technical problem related to fluids withdrawal, a limitation that
was also associated to the inadequate technology of geothermal
plants at that time. Moreover, as a consequence of the nation-
alization of private electric companies [7], the increase of
geothermal energy production in Italy, as forecasted by the
Italian Energy National Plan at the end of 1979, was not
accomplished and, except for Tuscany region, the project of
geothermal exploitation was discarded at the end of 1985. Since
present time, the geothermal resource at Campi Flegrei has been
used just for spa and wellness, and in very few cases for houses
heating. However, in recent time, the new Italian regulation
which incentivizes innovative pilot power plants of 5 MWe with
zero emission, several geothermal projects have started in the
Campania Region, by cooperation among industries, universities
and researches institutes [8,9]. This power plant size represents
an optimal balance between costs and benefits, also considering
the lower impact on the landscape of small power plants and the
high urbanization of the territory.

In this framework, providing scientific-technical data related to
the potential of geothermal reservoirs and to the sustainability of
the resources, before the starting of the drilling activities, repre-
sents a crucial task for an economic feasibility of the geothermal
exploitation. In effect, asmuch as 42% of all exploration is attributed
to the costs related to the drillings [10] and so a numerical
modeling of the geothermal reservoir is often assumed as a

necessary a-priori step. Several other information are recovered in
such a way, as the relevance of system boundary conditions during
long-term utilization, the interference of fluids extraction and
reinjection during production, and the effectiveness of geothermal
production systems.

Widely used multiphase simulators include Simultaneous Heat
and Fluid Transport (SHAFT), Multicomponent Model (MULKOM)
and its successors, the Transport of Unsaturated Groundwater and
Heat (TOUGH) family of codes [11e14], the Los Alamos National
Laboratory Finite Element Heat and Mass Transfer (FEHM) code
[15,16], and the U.S. Geological Survey code HYDROTHERM [17,18].
TOUGH2, in particular, is a widely used simulator that has been
adapted to applications including geothermal studies [19]. It has
been also successfully applied to assess the role of the hydrother-
mal system in the Campi Flegrei caldera unrest phases [20]. Here,
we show for the first time the results of numerical simulations
(TOUGH2 code ®) of fluids extraction and reinjection from the
Mofete geothermal field, in order to understand the perturbation of
the geothermal reservoir in terms of temperature and pressure,
originated by a 5 MWe binary cycle power plants (Organic Rankine
Cycle type). The behavior of fluid circulation in the boreholes has
not been considered in our modeling, since we are only interested
to changes induced in the reservoir by fluid injection/withdrawal.
The wellbore effect on the reservoir is then represented by the fluid
injection/withdrawal, at a rate suitable to produce the required
power. The simulation permits, at first, to base a solid conceptual
model for the Mofete geothermal reservoir, contemplating the
thermo-dynamical state as inferred from the AGIP geophysical

Fig. 1. The caldera of Campi Flegrei located west to the city of Naples. It is indicated: the location of shallow (<200 m, white circles) and deep (>200 m, red circles) wells, drilled
during the ENEL-AGIP geothermal exploration campaign (from 1940 to 1987); the red contour lines indicate the iso-values of surface heat flow (mWm�2). (After Corrado et al., 1998
and Carlino et al., 2012). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

S. Carlino et al. / Renewable Energy 87 (2016) 54e66 55



https://isiarticles.com/article/57837

