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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 

Geothermal exploration relies in large parts on subsurface models derived from seismic reflection profiling. Based on a case 
study of the Larderello area we discuss the influence of seismic velocity uncertainties in geothermal prospecting and highlight the 
role of unrecognized seismic anisotropy. For the field study we investigated the anisotropy of typical rock samples under 
simulated in-situ HP/HT conditions. It turns out that the target horizons may be found up to 300 m shallower and 200 m 
horizontally displaced compared to the isotropic case due to anisotropic bias. Correspondingly, the uncertainty of temperature 
extrapolation may increase from 10 to 20%. 
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1. Introduction 

Geothermal exploration relies in large parts on geophysical subsurface models derived from seismic reflection 
profiling (Fig.1). These models are the framework of hydrogeothermal modeling, which further requires estimating 
thermal and hydraulic parameters to be attributed to the seismic strata.  All petrophysical and structural properties 
involved in this process can be determined only with limited accuracy and thus impose uncertainties onto the 
resulting model predictions of temperature-depth profiles.  

In the present paper we analyze sources and effects of uncertainties of the seismic velocity field, which translate 
directly into location uncertainties of the geothermal targets and the related estimated temperature-depth function.  

We demonstrate these effects using data of the European Union Horizon 2020 project DESCRAMBLE 
investigating a geothermal reservoir in the Larderello area (Fig.1). The target is the seismic K-horizon, a structure of 
regional extent [1][2], where supercritical conditions are supposed to be possible (~450°C temperature) [3]. Depth 
and structural appearance of the K-horizon are laterally variable, and the location accuracy of seismic imaging 
obviously depends on the accuracy of the underlying seismic velocity model. Therefore, drilling security and 
economical reasons require careful uncertainty analysis of the seismic velocity field and the propagation of velocity 
uncertainties into structural and temperature uncertainties. 

In this article we first discuss causes of uncertainties of the seismic velocity field and focus, second, on the 
influence of unrecognized seismic anisotropy. Third, we show the propagation of these uncertainties into the 
estimated location and temperature of the target horizon for the example location.  

 
 

 

Fig. 1. (a) Cutout of 3D geological model based on geological mapping, 2D & 3D seismic (overlain) and boreholes [4]; (b) Modeled temperature 
distribution based on (a) [5][6]. The geothermal example target is the “K-horizon” identified with the 450°C isotherm. 

2. Seismic velocity uncertainties 

The determination of seismic velocity fields is generally based on analyzing the travel times of P-waves reflected 
from a set of key horizons. The information on velocity is basically in the move-out of reflection hyperbolae, 
meaning in the increase of travel time with increasing source-receiver distance. Independently of the details of the 
applied analysis method two groups of sources of velocity uncertainties can be identified: 
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