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ABSTRACT 
This study analyzes the operation of a geothermal system in the Mediterranean climate zone. 
The system’s ground source heat pump (GSHP) is made up of five separate vertical ground heat 
exchangers (GHEs), one double helicoidal coil in a well, and an open loop (well) system. A 
building management system (BMS) constantly monitors the entire GSHP system. The 
performance of the system was preliminarily examined in cooling mode (summer time), based 
on the recorded data, after studying the power flows in and out of the system’s keypoints. The 
obtained results demonstrate higher heat exchange values inside the open well, indicating that 
this type of GHE should be used whenever applicable. Furthermore, the coefficient of 
performance (COP) for the month tested (June 2019) was shown to be around 5; thus, GSHP 
systems operating under Mediterranean climate conditions can be considered high efficiency 
solutions. 
 
1  INTRODUCTION 
Currently, the residential sector in the European Union (EU) accounts for more than a quarter 
of overall primary cooling energy demand [1], while buildings account for almost 40% of total 
EU energy consumption [2]. To that purpose, Cyprus, like other EU nations, has accepted 
various EU directives, such as 2009/28/EC, 31/2010/EC, and 27/2012/EC, promoting 
geothermal energy development, energy consumption reduction, and increased energy 
efficiency in the building sector [3]. 
If used properly, geothermal energy systems have the potential to provide substantial energy, 
environmental, and economic benefits [4]. Because of its great efficiency and environmental 
friendliness, the ground-source heat pump (GSHP) system is one of the most well-known types 
of geothermal systems and renewable energy technologies for heating and cooling buildings. 
Ground heat exchangers (GHEs) are used in GSHPs because they are designed to meet energy 
demand in both summer and winter [5]. GSHPs may be employed instead of conventional and 
less efficient air-source heat pumps (ASHP) depending on viability. In comparison with ASHP 
systems, for each kWh electric, GSHPs can produce 50% extra thermal energy [6]. 
It should be noted that the ground thermal properties play an essential role in maximizing 
efficiency. Once the system geometry has been determined, the operating temperature profiles 
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must be defined. The hydraulic and thermal problems can be uncoupled if the velocity of the 
heat carrier fluid remains constant. This enables the calculation of the energy balance and the 
resolution of temperature distribution problems. 
The coefficient of performance (COP) represents the cooling or heating performance of a GSHP 
system. The COP of a HP is the ratio of heat removed/added to the building to the energy 
consumed by the heat pump, which includes the energy consumed by the HP and the circulating 
pumps [7]. It should be noted that the temperature of the fluids exchanging heat at the 
evaporator and condenser stages affects HP performance. As a result, variable environmental 
circumstances, such as the Mediterranean climate zone, and different demand situations during 
a season can cause considerable differences in the machine’s overall performance. 
The current study’s goal is to show the hybrid configuration and practical operating results of 
the GSHP system used for space air cooling at the University Municipal Library of Limassol. 
Existing research in the literature concerning GSHP systems rely on theoretical and computer 
models, with only a few focusing on the practical operation performance of the GSHP systems. 
Among such studies in the literature regarding GSHP systems and their efficiency (COP) and 
viability, one can mention some relevant to the Mediterranean region, such as Urchueguía et al. 
[7], Emmi et al. [8], Esen et al. [9] and García-Cespedes et al. [10]. Regarding Cyprus, 
Michopoulos et al. [11] presented a feasibility analysis for the installation of GSHP systems. 
2  METHODOLOGY  
A GSHP system was installed in late 2018 as part of the refurbishment of the historical building 
of the University Municipal Library of Limassol, as a new alternative means to cover the 
building’s heating and cooling needs. Limassol has a Mediterranean climate, with long, warm, 
dry summers from June to October and pleasant winters with intermittent rain from December 
to April [12]. A Building Management System (BMS) was implemented to monitor 
temperatures and flow volumes in several keypoints of the system in order to apply best 
practices. The BMS maintains high system reliability by sending out timely notifications in the 
event of a malfunction via emails and text messages, and it preserves records of temperature 
readings, volume, flow, and energy. The GSHP system installed at the library building includes 
five boreholes with different GHEs U-tube configuration, one GHE of helicoidal configuration 
in a well and one complex of open wells. Also, the GSHP system employs two chillers, each of 
which operate in alternating days. 
In conjunction with the GHEs and chillers, the GSHP system was divided into fourteen regions 
numbered F01 to F14. The overall goal was to evaluate the performance of each of these groups 
independently by a study of data obtained by the BMS system, such as energy, flow volume, 
and incoming and outgoing temperatures in the system, all of which are automatically recorded 
in the BMS. Using the data, one can determine the heat flow rate (power) transported to or from 
the system in each area F.  Furthermore, one can calculate the COP defined as: 

COP =  Power absorbed or rejected to the building
Total electrical power into the system  (1) 

3  RESULTS 
The data used to prepare the graphs in the sequel were gathered using the BMS platform tools. 
As previously stated, the GSHP system employs two chillers. The results shown hear are for 
chiller 2. The GSHP system is considered as a closed system in which energy enters and exits 
in equilibrium, i.e. GHEs load (loss) + losses to the environment = Building load + Electric 
Power consumed (energy balance). 
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Figure 1 depicts the specific power in each component of the GSHP system as a function of 
time, where time is the calendar day (from day 153 to day 181 of the year 2019, i.e., June 2019, 
which is in summer season). During the summer, the flow rate of the unit’s evaporator (F09), 
which absorbs the building load, ranges between 14 and 20 m3/h, with a temperature difference 
of roughly 4°C. The heat rejection condenser (F07) has a flow rate of 12 to 17 m3/h and a 
temperature differential of roughly 4°C. Furthermore, the electricity absorbed from the building 
by the system (yellow color) indicates that the peak cooling load was at 135 kW and the peak 
demand from the chiller (blue color) at 25 kW. 

 
Figure 1: Power entering and exiting the GSHP system (F07: GHEs Load (loss), Losses: losses to the 

environment, F09: Building load, El.P: Electric Power consumed) 

 
Figure 2: Power rejected to the ground by the GHEs in June 2019 (mean daily values during 

operational time) (F01: boreholes, F04: open well, F05: helicoidal configuration in a well, F07: total 
power rejection, equal to the sum of F01 + F04 + F05) 

In general, chillers are among the most energy-intensive components of a building, a fact that 
has a significant impact on operational costs. Assuming that the electric power consumed by 
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the chiller is equal to the total electric power consumed by the system, the COP of the system 
can be determined using Figure 1 and the energy balance above, with a mean value of 5 for the 
month of June 2019. 
Figure 2 depicts the power rejected to the ground by the GHEs in June 2019, with F01 
representing the sum of the boreholes, F04 representing the well, F05 representing the 
helicoidal coils in the well, and F07 representing the aggregate of these three sources. The open 
well has the maximum power, between 60 and 80 kW, as shown in the graph, followed by the 
sum of the boreholes, which has a power between 40 and 60 kW. Because of their small size, 
the helicoidal coils in the well reject a lower quantity, between 10 and 15 kW. GHEs reject 
from 70 and 138 kW of total power to the ground.  
4.  DISCUSSION AND CONCLUSION 
The overall goal of this research was to describe the operating outcomes of a GSHP system utilized 
for space air-conditioning that had been installed in the Mediterranean climatic zone. The collected 
data, from the BMS, for all parts of the system (boreholes and wells) were analyzed for the cooling 
operating mode. The investigation revealed that heat exchange values were higher inside the open 
well. The open well had values ranging from 60 to 80 kW, which is greater than the heat exchange 
accomplished by the sum of the boreholes (40 to 60 kW) or the helicoidal coils in the well (10 to 
15 kW). 
The operation of the chillers was also investigated as they have a significant impact on operational 
costs being the system’s top electricity consumers. Chiller 2 COP had a value of roughly 5.0 in the 
study situation for the month of June 2019. The good energy performance results confirm that 
GSHP systems positioned in the Mediterranean climate zone are high efficiency alternatives for 
primary energy savings. 
Of course, it is necessary to investigate the heating mode as well as re-test the system with current 
data, as the Library is now fully operational following the Covid19 epidemic years. 
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ABSTRACT 
The current research analyzes the feasibility of deploying Ground Source Heat Pump (GSHP) 
systems in a micro-scale urban context for a prospective 5th Generation (5G) district heating 
and cooling network (DHC) with the integration of Energy Geo-Structures (EGS). In particular, 
a case study is carried out to evaluate the potential usage of EGS in residential blocks on the 
Mediterranean island of Cyprus. The study’s subject is a typical multiple multi-story residential 
building with nearly Zero Energy Building (nZEB) characteristics. COMSOL Multiphysics 
software is used to computationally investigate the influence of ground temperature and 
temperature gain/loss from heat distribution during cooling in the summer. The Coefficient of 
Performance (COP) is found to remain essentially constant at around 5.85. It follows that EGS 
as GSHP systems for a domestic micro-scale level have a promising future in terms of cost 
savings, environmental friendliness, and renewable energy use. 
 
1  INTRODUCTION 
Geothermal energy is a renewable and environmentally beneficial type of energy that harnesses 
the inherent heat of the Earth. In particular, the use of shallow geothermal energy (SGE) has 
emerged as a potential and sustainable approach for fulfilling the ever-increasing energy 
demands while lowering carbon emissions and minimizing climate change consequences. This 
renewable energy technology uses the natural heat of the Earth from shallow depths, often 
within the first 100 meters below the surface, to provide heating, cooling, and hot water for 
residential, commercial, and industrial purposes. SGE system success and efficiency are 
strongly reliant on a thorough grasp of the design criteria that determine their performance. 
External meteorological conditions on ground temperature as well as the thermal behavior of 
shallow and deep ground zones have an impact on the behaviour of such energy source and 
how one can design and implement a geothermal system. 
One of the most well-known types of geothermal energy systems is ground source heat pumps 
(GSHPs). GSHP systems heat and cool by extracting/rejecting heat from/to the ground via the 
connection of an HP with Ground Heat Exchangers (GHEs). GHEs are essentially a network of 
underground tubes that contain a secondary circulating fluid. GSHPs can outperform traditional 
Air Source Heat Pumps (ASHPs), and so they have lately gained popularity [1]. However, the 
high initial cost and resulting long payback period as well as questions about their 
environmentally friendliness have been deterrents to the implementation of GSHP systems in 
the residential sector [2–4]. 
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