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Résumé 
 

Cet article s’inscrit dans les résultats préliminaires du projet «Potentiel de geocooling d'un 
champ de sondes géothermiques pour un immeuble résidentiel à Lugano» qui est financé par 
l’Office Fédérale de l’Energie (fond P&D) et par le Canton Tessin (fond FER). 

Le projet vise à démontrer la faisabilité technique et le potentiel d’un champ de sondes 
géothermiques d’un immeuble résidentiel de 46 appartements, utilisé pour le chauffage 
hivernal avec des pompes à chaleur et, avec le geocooling, pour satisfaire les besoins de 
rafraîchissement en été. 

Pour atteindre cet objectif, on a installé un certain nombre de capteurs dans le local technique 
pour être en mesure de surveiller les niveaux de température, les fluxes d'énergies thermiques 
et électriques. De plus, un capteur de température et humidité a été installé dans un 
appartement de l’immeuble. 

Le but de cette première analyse des données, qui a été faite environ au milieu du projet de 
monitorage, est de découvrir et d’établir des éventuelles faiblesse du système thermique, et 
proposer des mesures d’amélioration et des optimisations possibles. 

Les considérations et les résultats qu’on a déjà pu découvrir se réfèrent aux saisons 2016-
2017. La surveillance de la centrale thermique a commencé à Juin 2016 et elle est prévu 
jusqu'en 2019. Pour la saison d’été 2018 on essaye avec les professionnelles impliqué une 
optimisation du system. 

Abstract 
 

This article presents the results of the project “Geocooling potential of a boreholes heat 
exchanger field for a residential building in Lugano” that is funded by the Swiss Federal Office 
of Energy (P&D fund) and the Canton Ticino (FER fund). 

The project aims at demonstrating the technical feasibility and the energy potential of a 
boreholes heat exchangers field installed in a residential building with 46 apartments. The 
power plant supplies winter heating demand by using heat pumps, and cooling demand during 
the summer period by using the geocooling system. 

To achieve this goal, a certain number of sensors has been installed in the technical room in 
order to monitor temperature, and thermal and electrical energy flows. In addition, a 
temperature and humidity sensor has been installed in one of the apartments of the building. 

The purpose of this data-analysis, which has been done approximately in the middle of the 
monitoring project, was to discover and establish possible weaknesses of the thermal system, 
and therefore to propose improvements and optimizations. 

The first outcomes and results refer to the 2016-2017 seasons. The monitoring of the thermal 
power plant started in June 2016 and it’s scheduled to finish in 2019. During the 2018 summer 
season, begins the implementation for the optimization of the system with the professionals 
involved.
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1. Scope 
The study aims at demonstrating an efficient solution for a rational use of electricity for both 
cooling and heating in a residential building. 

The described solution considers a field of boreholes heat exchangers (BHE), dimensioned 
for heating using heat pumps and recharged by geocooling, that allows the cooling of the 
building with a very high-energy efficiency. 

The real case «City Residence» in Lugano – Besso, a Minergie® building with 46 
apartments, can prove the validity of a geocooling-solution on a real model. To achieve this 
objective, a certain number of sensors has been installed in the technical room in order to 
monitor temperatures as well as thermal and electrical energy flows. In addition, a 
temperature and humidity sensor has been installed in one of the apartments of the building. 

Particular attention is also paid to the concept of control and management of the thermal 
power plant and the electrical consumption of the circulations pumps for geocooling mode. 

The experience acquired and the quantification of the geocooling potential will allow the 
essential aspects of knowledge to plan and size future installations and quantify the 
importance of a thermal charging using geocooling in the south-Alps. 

1.1 Introduction 

The diffusion of the boreholes heat exchangers is recording a growth rate of about 20% 
during the last 15-20 years. The thermal recharge of the ground during the summer becomes 
a requirement for the success of the long-term operation of these systems, in order to reduce 
the interference of other geothermal system in proximity and to increase the internal comfort 
of living space using a sustainable technology. 

Moreover, geocooling is a way to cool the building without using a refrigerating machine; 
this may be generically called “free-cooling”. A heat exchanger is integrated in the power 
plant, in order to couple the underfloor circuit of the building to the boreholes heat 
exchangers. In this way, the summer thermal comfort of the building is improved, and the 
thermal rejects due to cooling are used to recharge the ground. 

The alternatives to geocooling are, traditionally, night cooling ventilation, reversible heat 
pumps, or small decentralized units of air conditioning. However, the daily temperature 
variations in Ticino are low, so the minimum air temperatures are always higher during the 
summer, so that the night ventilation is penalized. From the other side standard cooling 
machines are high electrical consumer and need legal requirements for their installation 

Freecooling by geocooling offers an interesting alternative to standard solutions. This 
technology allows obtaining significantly higher efficiency compared to the air conditioning 
and reversible heat pumps. 

Anyway, geocooling technology requires the study of real cases, supported by accurate and 
well-documented measures, in order to increase its acceptance by energy engineers and 
architects. This information will allow, through information campaigns and dissemination of 
results, to increase the rate of penetration in the market. 

  



20. Status-Seminar – 6./7. September 2018 – ETH-Zürich 3 

A view of the building monitored and studied is shown in figure 5.1a. 

1.a 1.b 

Figure 1: View of the property, "City Residence" Lugano - Besso (1.a) and location in the district (1.b). 

The construction of the building has been completed and the apartments are inhabited since 
2014. The property has an energy reference area AE of 5’700 m2 and satisfies the Minergie® 
standards. 

The power demand for heating, calculated at 130 kW, is satisfied by n°3 heat pumps coupled 
to a field of n°13 boreholes heat exchangers, each one 200 m deep. A partial thermal 
recharge of the ground, which is essential for ensuring the proper long-term operation of the 
plant, is carried out by geocooling: the underfloor heating circuit is coupled to the boreholes 
heat exchangers circuit thorough a heat exchanger, allowing to cool the apartments during 
the summer and to improve at the same time the internal thermal comfort. There is also a 
group of solar thermal collectors, sized to cover half of the annual needs of domestic hot 
water (DHW). 

The geothermal field has been dimensioned with different validated simulation tools (EED 
and PILESIM2). The number and the configuration of the BHE is also based on thermal 
demands of the building and on a response-test (TRT) for the determination of the thermal 
characteristics of the ground. 

The next figure shows the location of the boreholes heat exchangers. Most of them are 
positioned under the building. 
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Figure 2 : Plan with the disposition of BHE under the building. 

For reference, an extract from the hydraulic diagram is shown in the following figure. 

 

Figure 3 : Extract of the hydraulic installation diagram. 

The hydraulic system allows operating the installation in the various operational modes 
provided, including the solar input. Solar thermal can be injected into the water storage for 
heating. However, it is not planned to send this energy to the boreholes heat exchangers in 
the summer, to avoid not penalizing the potential temperature levels of the terrain. The 
thermal recharge of the ground will have to be entirely ensured by geocooling. 
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1.2 Monitoring Concept 

According to the diagram shown above, the concept of monitoring is the following: 

 
Figure 4 : Simplified System with available measurements instruments (flowmeter, thermocouples, power-
meters) 

N°5 thermal counters have been installed, composed by n°1 electromagnetic flowmeter and n°2 
temperature sensors (thermocouples). The different thermal counters are described below: 

- Counter F1: counter of the BHE field. This is necessary for the monitoring of the thermal exchange 
with the ground. In this counter circulates water with glycol; 

- Counter F2: geocooling counter after the hydraulic separator and before the heat exchanger. In 
this counter circulates water with glycol; 

- Counter F3: counter after heat pumps, only for DHW production. In this counter circulates simply 
water; 

- Counter F4: counter towards the underfloor heating (heating and cooling of apartments). In this 
counter circulates simply water; 

- Counter F5: counter after the hydraulic separator towards heat pumps. In this counter circulates 
water with glycol. 

Different power meters, to monitor the electrical consumption, were installed in n°5 circulation 
pumps, which are described below: 

- Pump 248 B5: circulation pump of the BHE field. The operation of this pump is associated with 
the F1 thermal counter; 

- Pump 241 M1: this pump, in geocooling mode, sends fluid from the hydraulic separator to the 
heat exchanger. The operation of this pump is associated with the F2 thermal counter; 

- Pump 243 M1: this pump, in geocooling mode, sends fluid from the heat exchanger toward the 
underfloor circuit. This pump has two temperature measurements associated, but no flowmeter; 
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- Pump 301: this pump sends warm water in winter and cold water in summer to the underfloor 
heating of apartments. The operation of this pump is associated with the F4 thermal counter; 

- Pump 412: circulation pump of the solar thermal collector field. This power meter is necessary to 
evaluate, together with some temperature sensor, the operation of the solar thermal system. To 
this pump are associated n°3 temperature measurements (n°1 forward temperature from the solar 
collectors, n°1 return temperature from DHW storage, n°1 return temperature from space heating 
storage). No thermal counter is associated with this electrical power meter. 

All data are acquired by a central data logger Campbell CR6, and shipped through a GSM antenna 
to a server for online viewing. 

A NETATMO system is also installed inside an apartment of the building to monitor indoor 
temperature and humidity all year round. 

2. Methods and data analysis 
This analysis focuses on summer 2016 and 2017, and on the winter 2016-2017. Following the results 
obtained from the analysis, some optimization measures on the regulation and control of the plant 
have been proposed to the client. These optimization measures are described in the conclusions of 
this paper. 

2.3 Thermal balance and consumptions 

The following diagram shows the extracted energy (red) and the injected energy (blue) from and to 
the ground though the BHE field, with a monthly resolution, during the analyzed period. 

 
Figure 5 : Energy extracted and injected into the ground during the period June 2016- September 2017. 

Values of annual energy to the heating of the apartments, with a margin of error around 15%, are as 
follows: 

 

Winter season – space heating + DHW 

Period Supplied energy to apartments [kWh] 

(Including a portion of solar collector) 

Extracted energy by the BHE 
[kWh] (Space heating + DHW) 

Winter 2016-2017 188’445 173’306 

Table 1 : Winter season – space heating + DHW production. The extracted energy by the BHE during the 
winter period is also used for the domestic hot water production. 
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Relating the energy supplied to apartments with the energy reference area AE (5'700 m2), it is 
possible to find: 

- a specific index for the space heating of about 35 kWh/m²y (125 MJ/m²y). 

An estimation of the solar thermal system production and its contribution to the room heating has 
not been evaluated. 

 

Values of annual energy to the cooling of the apartments, with a margin of error around 25%, are as 
follows: 
 

Summer season - Space cooling (geocooling) + DHW 

Period Subtracted energy to apartments 
(geocooling) [kWh] 

Exchanged energy thought BHE 
[kWh] 

Injected                   Extracted 

Summer 2016 36’354 38'129 961 

Summer 2017 46'964 48'301 3’689 

Table 2 : Summer seasons – Space cooling (geocooling) + DHW production 

The energy difference between BHE and apartments is due to heat losses in the plant and to the 
contemporary production of DHW. 

Relating the energy subtracted to apartments (geocooling) with the energy reference area AE 
(5’700m2), specific indexes are calculated: 

- 7.0 kWh / m (25 MJ/m²a) for summer 2016; 

- 8.6 kWh/m²a (31 MJ/m²a) for summer 2017. 

A comparison between the energy trend for the space cooling for summer 2016 and summer 2017 
is showed in the following chart. The 2017 summer switching period, started with about one month 
in advance, and ended two weeks before. 

 

Figure 6 : Seasonal cooling energy for apartment (cumulative) 

The power supply and the normal operating hours are almost the same for both years (parallel lines). 
Dividing the cooling energy by the hours of the circulation pump operation, an average power is 
obtained of about 22 kWth for two summers. This means that the minor energy of 2016 is mainly 
due to a delay departure of geocooling (1850 hours versus 2200 hours). 
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2.4 Analysis of temperature levels 

For a detailed analysis of the temperature levels, a specific and typical moment was analyzed with 
a maximum daily peak in the summer cooling. During this diurnal peak power of several hours and 
about 30 kWth (underfloor pipe circuit) the temperatures levels are the following: 

Indoor air temperature : 23.5 °C
Tset cooling up : 23.5 °C
Tset cooling down : 23.0 °C
Treturn cooling water : 21.9 °C
Tforward cooling water : 19.6 °C
Treturn ground fluid : 16.4 °C
Tout ground fluid : 14.7 °C
Tmean ground initial : 13.7 °C

 

Considering all the hydraulic circuit of the plant, considering the BHE, the underfloor and all the 
intermediate circuits, the forward-return temperature differences are rather low. One direct effect for 
the monitoring is to increase the relative error in the thermal energy metering. These small 
temperature differences are due to relatively large mass flows in the hydraulic circuits. All the 
circulation pumps of the system are modulating the mass flow, but these are actually not set to 
regulate their flows. Flows are actually set for a constant operation during the whole year, according 
to the logic of a winter regulation with fixed maximum power. 

All temperature levels ranging from the ground to the air temperature in the apartment are shown in 
the following figure. 

 
Figure 7 : Temperature levels – geocooling mode. 

The greatest loss of temperature occurs at the level of the heat exchanger, while at the level of the 
apartment the operating range is rather small. This aspect and the direct consequence is explored 
and shown in the comfort-dedicated section (2.6). 
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2.5 Real and teorethical geocooling efficiency 

The electricity consumption of the circulation pumps 241 (geocooling intermediate circuit), 243 
(geocooling intermediate circuit), 248 (ground circuit - BHE), and 301 (underfloor circuit) during the 
"summer 2016" and "summer 2017" is summarized in the following table. 

Since no power meters were already installed in summer 2016, the electricity consumption of the 
circulations pumps has here been estimated based on the operation of the summer season 2017, in 
particular by imposing the linearity between the volume flow and the electric consumption. 

 

Circulations pumps Consumption 2016  

(estimation / real) [kWhel] 

23.06.16-28.09.16 

Consumption 2017 

(real) [kWhel] 

23.05.17-15.09.17 

248, ground circuit (BHE) 966 1'133 

241, intermediate circuit 212 237  

243, intermediate circuit 87.8  120  

301, underfloor circuit 1’135  1'435  

Total 2’402  2'925  

Table 3 : Actual electrical consumption of the circulation pumps necessary for geocooling mode. 

The geocooling system has been optimized assuming to increase the forward-return temperature 
difference toward a typical value of 3K for the BHE circuit and of 5K for the underfloor circuit. To 
achieve these values, the different circulation pumps should modulate their flows and consequently 
modify their electricity consumption. 

 

Pump Consumption 2016 

(potential) [kWhel] 

23.06.16-28.09.16 

Consumption 2017 

(potential) [kWhel] 

23.05.17-15.09.17 

248, ground circuit (BHE) 330 435 

241, intermediate circuit 121  142 

243, intermediate circuit 200 234 

301, underfloor circuit 346 511 

Total 996 1’322 

Table 4 : Potential electrical consumption of the circulation pumps necessary for geocooling mode 

Geocooling efficiency has been evaluated using the electrical consumptions of the circulation pumps 
necessary for the space cooling of the apartments during the summer period 2016 and 2017. 

Geocooling efficiency of the building system is so defined as the ratio between the thermal energy 
used for the space cooling of the apartments and the electrical energy used by the circulation pumps. 

 

 23.06.16-28.09.16  

(estimation) 

23.05.17-15.09.17  

(real) 

Thermal energy (geocooling) [kWhth] 36’354 46'964 

Circulation pump [kWhel] 2’402 2'925 

Efficacy [%] 15 16 

Table 5 : Actual geocooling efficiency 
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On the other side, the potential geocooling efficiency of this system, based on an optimization of the 
circulation pumps operation described before, is as follows: 

 

 23.06.16-28.09.16 

(optimized) 

23.05.17-15.09.17 

(optimized) 

Thermal energy (geocooling) [kWhth] 36’354 46'964 

Circulation pump [kWhel] 996 1’322 

Efficacité [%] 37 36 

Table 6 : Potential geocooling efficiency (optimised) 

These values, currently based on hypothetical assumptions, can be compared and validated once 
the proposed optimization measures are implemented. 

2.6 Evaluation of the indoor comfort 

It was possible to analyze the indoor temperatures of a inhabited apartment, since the tenant agreed 
to install an air monitoring system in his living room. 

The following graphs show the internal temperatures as a function of the external temperature 
according to SIA 382/1 and EN15251 (SIA 382.706). 

 

Figure 8 : Graphics with evaluations of the indoor comfort of an apartment compared to the norm SIA 382/1 
and the standard EN15251 (blue points winter seasons, orange points summer seasons). 

The space cooling seems to be sometimes quite excessive, and the actual indoor temperature is 
often arranged in the lower part of the diagrams. 

Moreover, low air temperatures could cause different inconvenience with high relative humidity in 
the apartments. Since no dehumidification takes place with an underfloor cooling, the temperatures 
should be kept towards the upper limit of the graphs. 
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Indoor temperatures and humidity have been plotted in the Milne-Givoni bioclimatic diagram, which 
shows the winter comfort zone on a Carrier-graph. 
 

 
Figure 9 : Bioclimatic diagram of Milne-Givoni (data from 01.01.2017 to 31.07.2017). 

During the summer period, the air temperatures in the apartment (blue spots) are at the upper limit 
of the comfort zone (CE area), and the relative humidity is often very high. 

Moreover, the mechanical and controlled Minergie ventilation also contributes in summer to increase 
the relative humidity of the apartments by sending outside air, that in summer a high level of relative 
humidity. 
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3. Results of the analysis 
The results that can be extrapolated from the data collected in the study are as follows: 

- The efficiency of the geocooling system (defined as the ratio between the thermal energy used 
for the cooling of the apartments and the electrical energy used by the circulation pumps) is 
around 15 [-]. There is a theoretical potential that, with an optimization of the circulation pumps 
operation, can reach up to 40 [-]. For the moment, all pumps operate with constant flows; 

- The energy ratio from the ground, defined as the ratio of the energy injected and the extracted 
energy, is around 22-27%; 

- Specific cooling indexes for the apartments have been calculated, that are 7.0 kWh/m²y (25 
MJ/m²y) for 2016 and 8.6 kWh / m²y (31 MJ/m²y) for 2017. The difference between these two 
values  is essentially given by the difference of the system operation-hours. Currently, seasonal 
switching is not automatic, but at the discretion of the administrator and of the technical service. 
In 2016 geocooling was activated later than in 2017, despite the outdoor air temperature was 
already warm; the recorded values  of cooling requirements have consequently been affected; 

- For the power plant, a maximum cooling power of 30 kWth (5.3 W/m2) and an average power of 
22 kWth (3.9 W/m2) were also calculated; 

- The registered geocooling temperature levels are not optimal, in particular it would be desirable 
to maintain a temperature difference (ΔT, forward-return temperature from the ground) of 3K on 
the geothermal side. The same goes for the underfloor circuit, which should have a ΔT of about 
4-5K, as well as a forward temperature of at least 21-22°C. Since the circulation pumps operate 
with constant and non-modulated flow rates, currently these temperature levels cannot be 
regulated; 

- This last aspect has effects from the energy point of view, resulting in higher power consumption 
and more mistakes related to the thermal counter, but also on the comfort side. The result is an 
indoor air temperature that is at the lower limit of the recommendations of SIA 382/1 and EN15251 
(SIA 382.706). Relative humidity values are therefore very high and not optimal (since there is no 
removal of latent heat); 

- Increasing the flow temperature, it is possible to avoid any non-optimal settings of the thermostat 
of the apartment. However, it is important to inform users about the potential and limitations of 
underfloor cooling, since they often have less experience and sensitivity on the topic of building 
physics and thermohygrometry (study of humid air); 

- The aspects of optimization and system management are not easy to evaluate and implement 
with the professionals once the plant is already working. On the one hand, the plant is already 
delivered to the client and constantly working, on the other hand it is placed in a condominium 
and every decision and information must pass through the condominium meetings. The initial 
planning and implementation phases are therefore essential for the good functioning of the 
project. 
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4. Optimization proposals of the geocooling system 
This study could verify that all the geothermal system works properly as it supplies warm in winter 
by using the heat pumps and cold in the summer through geocooling. However, particular attention 
should be paid to the concept of the plant and its regulation, as the data show there is a potential on 
one hand to increase the overall energy efficiency, and on the other hand to improve indoor comfort 
in the apartments. 

Thanks to the results of this study, some interventions were therefore proposed to the building 
administration and to the technical service, in order to implement concrete intervention to optimize 
the system. The proposed measures are limited to adjust and set correctly the cooling system, 
without carrying out invasive works and modification to the hydraulic circuit. 

The optimizations proposed are contextualized and described below: 
 
- All circulation pumps operate at a constant flow rate. These are designed to work with a variable 

flow, but in the analyzed system they are configured with a fixed flow. There is a good margin for 
the adjustment of the flow, since the temperature difference (as for the BHE circuit, as for 
underfloor circuits) is quite low in summer and in the half-seasons. In order to implement this, the 
technical service should install temperature sensors on different parts of the pipes, and program 
a new management algorithm; 

- In the plant, there are n°4 circulation pumps for the geocooling mode, which work with constant 
mass flow. A flow regulation with a right modulation should significantly increase the geocooling 
efficiency (according to theoretical calculation); 

- The forward temperature toward the underfloor circuit of the apartments is forced to these 
circulation pumps operation. Optimizing their operation managing, the forward temperature 
should also increase and consequently improve the comfort in the apartments; 

- A proper and dedicated sensitization of the tenants is desirable and fundamental. Especially on 
the correct operation of the apartment thermostats and their management during the summer 
season. The administrator, in order to convey the message to the tenants, has been informed 
about features and technical limits, as well as the energy advantages of the geocooling 
technology, in order to avoid misunderstandings on the technology. 

Most of the interventions have been implemented before and during the summer 2018. Analyzing 
future data, it will be possible to observe some of the results and assumptions so far described. 
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