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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 

Reducing the energy demand of buildings has become one of the key points of the European Union. The issue related to the air 
conditioning of old and historical buildings is nowadays one of the most important field of operation for the primary energy saving 
and, at the same time, for the reduction of the CO2 emission. The recent development of heat pump able to rise the supply of high 
temperature at the condenser side makes this technology suitable for the application also in historical buildings that are 
characterized by low thermal insulation and high thermal capacitance. In this context, the ground source heat pump systems can be 
used for both heating and cooling. The aim of this work is to analyze the thermal behavior of two historical buildings located in 
Italy, in Venice and Florence respectively. Detailed computer simulations of the buildings have been carried out by means of a 
transient calculation tool TRNSYS. Energy simulations of GSHP systems have been performed and a comparison with a common 
plant system using a gas boiler for heating and air-to-water chiller for cooling has been carried out. 
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Nomenclature 

COP Coefficient of performance of the heat pump 
EER Energy efficiency ratio of the heat pump 
SCOP Seasonal coefficient of performance of the heat pump 
SEER Seasonal energy efficiency ratio of the heat pump 

1. Introduction 

The use of ground source heat pump (GSHP) systems is one of the most interesting solutions for heating and cooling 
of the buildings [1]. In recent years, the heat pump technology is gaining new interest in the market due to the new 
laws and regulations which include this technology as one able to exploit renewable energy sources, in addition to the 
already acknowledged. In particular, the use of low enthalpy geothermal energy as heat source/sink for the heat pump 
looks very promising if compared to the more common air-to-water heat pump and it can give an opportunity to 
achieve significant energy and at the same time economic benefits if well applied [2]. 

In literature, many studies identify GSHP systems as the most important ones among the most efficient energy 
technologies for HVAC (Heating, Ventilation and Air Conditioning). GSHPs are divided into three main groups based 
on the use of ground water from wells, surface water or directly coupled with the ground by the use of ground heat 
exchangers [3]. 

The use of water usually involves low investment costs and no ground surface area is required for the installation. 
The result of ground water from wells is normally good in terms of energy performances because of a constant 
temperature level of the source/sink during the year, but often its wide application is not allowed because of the local 
regulation. Normally, systems with great heat pump capacity are coupled with open loop systems where water is 
pumped from the surface aquifers through a heat exchanger and reinjected at some distance from the intake point. 
When the use of subsoil or surface water is not possible, ground heat exchangers, called Borehole Heat Exchangers 
(BHEs), can be used. This type of thermal source/sink is however less efficiency then the use of water because an 
intermediate heat exchange between the ground and a secondary fluid (usually a mixture of water and antifreeze) is 
involved. The undisturbed ground temperature is about the mean yearly temperature of the location with a geothermal 
gradient of about 3 °C for each 100 m of depth. It can sometimes happen that the temperature of the subsoil is higher 
especially in areas with anomalous gradient of temperature [4, 5]. In such a case the geothermal system can be used 
only for heating and not for cooling. However, in some cases the BHEs can be connected directly with heating system 
bypassing the heat pump, especially when the building is heated with radiant systems. 

Furthermore, when referring to Mediterranean cities, the relevant cooling needs must be taken into account. As a 
matter of fact, the heat rejected into the ground, especially in the case of highly insulated buildings, might imply, on 
the long term, temperature drifts of the soil, thus resulting in reduced cooling efficiencies. In this field, for example 
Urchueguía et al. [6], report an experimental assessment of GSHP performance in typical Mediterranean coastal 
climate. The analysis contains a comparison between GSHP systems and air-water heat pumps involving the presence 
of a specially optimized water–water heat pump using propane as a refrigerant fluid. 

2. Method and case studies 

This work has been divided into three main steps. The first one is the collection of the required building data for 
each case study in order to define the energy model of the buildings. The second part of the work is the development 
of the energy model of the buildings in the simulation tool. In this phase, several computer simulations have been 
carried out in order to evaluate the heating and cooling peak load and energy demand of the buildings using different 
hypotheses of managing of the air-conditioning systems. In the last part of the study, the design of the BHEs field, the 
definition of the properties of the heat pump and the electrical energy demand of the heat pump have been evaluated. 
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2.1. Description of the case studies 

“Ca’ Lupelli Wolf Ferrari” (Venice) 
 
The building is located in the historical city centre, fronting the “Canal Grande” in a complex of buildings where 

the main building is Ca’ Rezzonico which is the museum block. Ca’ Lupelli Wolf Ferrari is a smaller building which 
is occupied by the direction of-fices of the museum. The construction of the complex started in 1649, and it was closed 
in 1756. Afterwards it was decorated by some of the most famous painters of Venice, like Gianbattista Crosato, Pietro 
Visconti and Gianbattista Tiepolo, so the palace was perfectly finished in 1758. 

Until 1810 the building was property of the Rezzonico family. It was then sold and went through many hands. 
Finally in 1935 it became property of Venice Municipality. It was immediately renovated and in 1936 it became a 
museum called “Museo del Settecento Veneziano” whose particularity was that all the works of art were disposed 
like they were part of the equipment’s of the buildings. In Figure 1 the overhead view of the city of Venice and of 
the “Ca’ Lupelli” building is represented, while in Figure 2 the overall dimension of the building reported in the 
section of the ground floor as example. 

Fig. 1. Overhead view of the city of Venice and of the “Ca’ Lupelli” building 

 

Fig. 2. Overall dimensions in meters of the “Ca’ Lupelli” building 

 
“Opera Santa Croce” (Florence) 
 
The building is a museum located in the historical city centre of Florence, on the south of “Santa Maria del Fiore” 

cathedral and on the east of “Ponte Vecchio”. The museum is part of the “Basilica di Santa Croce” complex, and it is 
located in correspondence to the ex-refectory and cenacle. It became a museum in 1900 under the direction of Guido 
Carocci, and it was enlarged in 1959. In 1969 both the building and the works of art were damaged, because of the 
flood of Florence. For that reason, it was under renovation for a long period. It was open again in 1975, but all the 
works of art were replaced only in 2009. 
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