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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

In the frame of the Integrated Method for Advanced Geothermal Exploration (IMAGE) Project, a reliable exploration and 

resource assessment workflow was implemented on the basis of an integrated and multidisciplinary approach. Our study 

addressed to a better understanding of the thermal structure of the deepest part of the Larderello geothermal field (Southern 

Tuscany, Italy) by integrating structural, geological, geochemical, geochronological, petrological and geophysical data. With the 

aim to characterize the reservoir located nearby an important seismic reflector (the K-horizon), we systematized the available 

data and, successively, we applied a numerical thermal modelling approach to test our hypotheses and concepts. 
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1. Introduction 

Due to the growing interest in the technological development of unconventional geothermal resources, 

interdisciplinary geoscientific activities have been focused on the southwestern part of the Larderello-Travale 

Geothermal Area (LTGA), i.e. the Lago Boracifero locality, also referred as Lago area (Fig. 1). In the LTGA, two 

main geothermal reservoirs exist: the “shallow reservoir” hosted in the evaporite-carbonate units (about 0.7 – 1.0 km 

b.g.l. on average and with temperature from 150°C to 260°C) and the “deep reservoir” hosted in the metamorphic 

succession and Neogene granitoids (about 2.5 – 4.0 km b.g.l. and with temperature from 300°C to 350°C) [1,2]. 

Fluids dominantly of meteoric origin at vapor phase circulate in both reservoirs [3]. The meteoric recharge occurs 

through the carbonate outcropping formations; besides a lateral input from the regional aquifers surrounding the 

hydrothermal reservoirs is also assumed, presumably induced by the actual exploitation process [2,3]. 

In the Lago area, the occurrence of high temperature and high pressure fluids hosted below the hydrothermal 

systems currently under exploitation has been established in the frame of a deep exploration program carried out in 

the early 1980s. In particular, the San Pompeo 2 well encountered fluids with a temperature > 400°C and reservoir 

pressure far above 24 MPa, in a fractured zone at about 2900 m [4]. The main objective of this well was to verify 

whether exploitable fluids exist in correspondence to the anomalies detected by reflection seismic surveys. In fact, 

the 2D and 3D seismic exploration activities carried out in the last decades provided evidences of two distinct 

seismic markers, referred to as “H-horizon” and “K-horizon”, discontinuously characterizing the entire LTGA. 

Drilling data show that in some cases (especially in the Travale area) the H-horizon is located in correspondence of 

the thermo-metamorphic aureole of Neogene granitoids [5] and many wells produced super-heated steam from this 

level. The deeper K-horizon has similar amplitude pattern, but locally showing bright spot features, and a more 

continuous spatial extension with respect to H-horizon. The nature and the origin of the K-horizon are still under 

debate [4,6,7], as it has not yet been drilled with the presumable exception of the San Pompeo 2 well. The 

thermobaric conditions extrapolated at this level (P ≈ 30 MPa and T > 400°C) do not seem to be compatible with the 

deep geothermal reservoir so far exploited characterized by a sub-hydrostatic pressure controlled by its current 

super-heated steam condition [2]. In order to improve the understanding of the physical conditions in the zone 

corresponding to the K-horizon, we systematized the available information from different geoscientific sources, 

briefly discussed in the following.  

 

 

Fig. 1. (a) Location of the area of study. The sub-volcanic mafic (yellow stars), acid intrusive (red stars) and extrusive (cyan stars) centers and 

their ages (in Ma) are showed. The out-of-area magmatic sites referred to in the text are also reported (small stars) along the map borders; (b) 

Bouguer anomaly map of the Larderello-Travale Geothermal Area together with the heat flow isolines of the regional anomaly (in mW/m2, 

modified from [20]). The studied boreholes and the NW-SE cross-section (A–B) are reported. Red circles are the deep wells of Table 1 (BD-1: 

Badia 1, CCbis: Carboli CBIS, LU-1: Lumiera 1, MV-5: Monteverdi 5, MV-7: Monteverdi 7, SM-1: San Martino 1, SP-2: San Pompeo 2, SA-22: 

Sasso 22, SE-3: Selvaccia 3, SS-1: Serrazzano Sperimentale 1 and VC-11: Valle Cornia 11). Yellow circles are additional wells used for the 

reconstruction of the Neogene-Pleistocene composite granitoid. 
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