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ABSTRACT 

This work enlightens how remote monitoring of a 
shallow geothermal energy (SGE) system with minute-
resolved data collection can contribute to the 
identification and quantification of efficiency-related 
problems. A specific SGE installation located in Tremp 
(Lleida, Spain), equipped with a vertical borehole heat 
exchanger (BHE) and a ground source heat pump 
(GSHP) was analyzed for this purpose. It was found a 
current average heating/cooling capacity over 10% 
under declared values of the GSHP equipment. In 
addition, the influence of part-load operation in 
seasonal performance was identified. The results were 
obtained from more than one complete year of data 
collection. The quality of the information obtained 
through data analysis was assessed in terms of the data-
collection frequency. Weekly averaged data (available 
for more than 3 years) revealed that the capacity 
reduction is taking place progressively. Moreover, the 
seasonal coefficient of performance and seasonal 
energy efficiency ratio measured at the SGE installation 
under study were compared with those simulated by the 
software ground loop design (GLD, v2016). This 
supported the observations pointing to a progressive 
decay in performance. 

1. INTRODUCTION  

Low time-scale monitoring of SGE installations 
(sampling frequency below 1/hour) is an essential tool 
to create a precise picture of its performance. However, 
the convenience of implementing this tool is usually 
perceived as something related to the size of the facility. 
Above the domestic level (like in the case of central 
climatisation stations in residential and office buildings 
or district heating/cooling facilities), it is common to 

find a monitoring system installed along. Nevertheless, 
there is not yet any international standard addressing 
the monitoring and performance checking SGE 
installations from an integral perspective. The 
European standard EN15316 [EN 15316, 2017] 
includes a definition and system boundaries for 
Seasonal Performance Factor (SPF) calculation, but the 
measuring time-scale considered implicitly is large 
(seasonal). Besides, it can be found some initiatives 
concerning metering and monitoring protocols. These 
are motivated by national incentive programs 
[OFGEM, 2014], which require a technical approach 
for their implementation [OFGEM, 2019]. 
Traditionally, the quality and utility of existing 
monitoring systems have depended strongly on the 
good or bad praxis of the designers and installers. So 
far, the level of sophistication required for the 
monitoring systems has followed a diffuse cost-benefit 
criteria, due precisely to the lack of clear standards. In 
this sense, there has been some activity in the past years 
helping to address this issue [Normand R. et al., 2012; 
Sparn B. et al., 2013]. Probably the closest approach to 
a European standard on this topic is the European 
project SEPEMO, which aimed to set common metrics 
and system boundaries for seasonal performance 
assessment. Although up to date no new international 
standard has emerged from the results of SEPEMO 
project, its outcomes have been widely adopted by new 
projects where seasonal performance has been 
measured in hundreds of in-service SGE installations 
across Europe, generating high quality statistical data 
concerning heat pump technology and contributing to a 
rigorous benchmarking [Normand R.et al, 2010; 
Hughes D. 2018; Miara M. et al., 2017, Gehlin S.et al., 
2018]. 

Nevertheless, the efforts made so far are focused on 
seasonal performance indicators from which certain 
operational aspects cannot be identified or quantified. 
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Part-load operation is an inherent source of 
performance degradation due to successive start-stop of 
the compressors, especially in heat pumps equipped 
with fixed-speed compressors. In this sense, the norm 
EN14825 [EN 14825, 2010] is the closest approach for 
the evaluation of seasonal performance under part-load 
conditions, although it is conceived from a laboratory 
environment test perspective. An analogous approach 
for in-service heat pumps operating under real 
conditions is still missing. Besides, in existing SGE 
installations, there are several factors apart from part-
load operation that could introduce negative influence 
on the seasonal performance, like fouling formation in 
the inner walls of the pipes, brine/water leakage 
(leading to the presence of air bubbles in the heat 
exchanger circuits), refrigerant leakage or valve 
malfunctioning, among others. 

Through the presentation of a particular case, this work 
aims to explore (and exploit) new capabilities of 
monitoring, data collection and processing for the 
analysis of small and middle-size SGE installations. 
Moreover, the barriers imposed by real operating 
conditions (non steady state dynamics) are delimited in 
order to conciliate the absence of laboratory conditions 
with an exhaustive characterisation, especially when 
part-load conditions take place. 

Moreover, simulation of the case study by means of 
Ground Loop Design (GLD) software [Thermal 
Dynamics, 2016], will be used as an alternative tool to 
estimate the disagreement between the measured and 
expected performance of the SGE installation. 

Nomenclature 

COP Coefficient of performance [-] Subscripts 
EER Energy Efficiency ratio [-] d   Declared 
SCOP Seasonal COP [-] evap At the evaporator 
SEER Seasonal EER [-] cond At the condenser 
PLF Part-Load Factor [-] comp Concerning the compressor(s) 
PLR Part-Load Ratio [-] pump Concerning the circulating pump (s) 
DHW Domestic Hot Water ON Compressor(s) ON 
SV Storage Vessel OFF Compressor(s) OFF 
E Energy [kWh] brine Concerning heat exchanger liquid (ground source) 
P Power or heat rate [kW] h Concerning heat production 

�̇�  Measured power or heat rate [kW] c Concerning heat rejection (cooling) 

�̇� Brine flow [m3/min] t Concerning total heat exchanged with the building 
T Temperature [ºC] e Concerning electric energy consumption 
𝐓 Mean Temperature (Tin + Tout)/2 [ºC] gr Concerning ground 
cp  Specific heat capacity [kJ/kgK]  
 Brine density [kg/m3] Superscripts 

t Time [min] load Concerning the demand side 
  in At the entrance 
  out At the exit 
  A Concerning heat pump module / compressor A 
  B Concerning heat pump module / compressor B 

 

2. DESCRIPTION OF THE CASE STUDY 

2.1. SGE installation 

The SGE installation under analysis comprises a GSHP 
(model Fighter 1330-60, from the company Nibe 
Industrier AB, Sweden) coupled to a vertical borehole 
heat exchanger (BHE) field (10 boreholes with a depth 
of 140 m each). The heat pump is equipped with two 
fixed-speed compressor stages operating in parallel 
(not tandem) and has an overall nominal heating 
capacity of 60kW, although its performance is better 
represented through Table 1, where several 
performance data is provided by the manufacturer. It is 
worth to mention that these values were obtained 
following the norm EN255 [EN 255, 1998] (already 
obsolete and superseded by EN14511 [EN 14511, 
2008]), where reference test conditions are defined by 

T  and T . Furthermore, according to the user 
manual, the reference performance tests were carried 
out by the manufacturer using a brine flow of 10.0 m3/h 
at the external circuit (28% ethanol) and a secondary 
fluid flow of 4.6 m3/h  in the internal circuit (pure 
water).  

The declared coefficient of performance and declared 
energy efficiency ratio (COPd and EERd, respectively) 
are calculated values according to norm EN14511 
(Ppump = 1.74 kW): 

𝐂𝐎𝐏𝐝

=
𝐏𝐡 𝐓𝐞𝐯𝐚𝐩

𝐢𝐧 , 𝐓𝐜𝐨𝐧𝐝
𝐨𝐮𝐭

𝐏𝐜𝐨𝐦𝐩 𝐓𝐞𝐯𝐚𝐩
𝐢𝐧 , 𝐓𝐜𝐨𝐧𝐝

𝐨𝐮𝐭 + 𝐏𝐩𝐮𝐦𝐩

                         [𝟏] 
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𝐄𝐄𝐑𝐝

=
𝐏𝐜 𝐓𝐞𝐯𝐚𝐩

𝐢𝐧 , 𝐓𝐜𝐨𝐧𝐝
𝐨𝐮𝐭

𝐏𝐜𝐨𝐦𝐩 𝐓𝐞𝐯𝐚𝐩
𝐢𝐧 , 𝐓𝐜𝐨𝐧𝐝

𝐨𝐮𝐭 + 𝐏𝐩𝐮𝐦𝐩

                        [𝟐] 

In the SGE installation under study, pure water is used 
both in the external and internal circuits. The system 
fully meets the cooling, heating and domestic hot water 
(DHW) demand of an office building in the city of 
Tremp (Lleida, Spain), with no back-up unit available. 
There is a storage vessel of 750 l capacity and a DHW 
vessel of 1000 l. The climatisation of the building is 
carried out via fan-coils and splits. 

Table 1: Nominal performance values of Ph, Pc and 
Pe corresponding to several test conditions 
defined by 𝐓𝐞𝐯𝐚𝐩

𝐢𝐧  and 𝐓𝐜𝐨𝐧𝐝
𝐨𝐮𝐭 . The grey-

shadowed columns correspond to calculated 
values.  

𝐓𝐞𝐯𝐚𝐩
𝐢𝐧  

(ºC) 
𝐓𝐜𝐨𝐧𝐝

𝐢𝐧  
(ºC) 

𝐓𝐜𝐨𝐧𝐝
𝐨𝐮𝐭

(ºC) 
Ph 

(kW) 
Pc  

(kW) 
Pcomp   
(kW) 

COPd EERd 

-5 34,5 45 50,9 35,6 15,3 2,99 2,09 
0 34,5 45 58,6 42,6 16,0 3,30 2,40 
5 34,5 45 67,0 50,2 16,8 3,62 2,71 
10 23,8 35 80,6 65,0 15,7 4,63 3,73 
10 34,5 45 76,7 59,1 17,7 3,96 3,05 
10 45,2 55 73,2 53,0 20,2 3,34 2,42 
10 55,8 65 70,0 46,7 23,2 2,80 1,87 

 

2.2 Monitoring system and data collection 

The monitoring system of the installation comprises a 
remarkable amount of parameters both at production 
and distribution levels like alarms and operating status, 
as well as measured parameters concerning mainly 
temperatures, energy, all of them being remotely 
accessible through a private web portal. Nevertheless, 
only a few of them are recorded periodically and useful 
from an analytical perspective, namely: 

- Eh [kWh]: Resolution: 1 kWh (Accuracy < 0.6%) 

- Ec [kWh]: Resolution: 1 kWh (Accuracy < 0.6%) 

- EDHW [kWh]: Resolution: 1 kWh (Accuracy < 0.6%) 

- Ee [kWh]: Resolution: 0.02 kWh (Accuracy < 0.5%). 
It accounts uniquely for the compressors and 
circulation pump (in agreement with EN14511). 

- T  [ºC]: Resolution: 0.1 ºC (Accuracy < 0.5ºC) 
Measured by a sensor placed in the outlet duct the 
storage vessel (bottom part). 

- T  [ºC]: Resolution: 0.1 ºC (Accuracy < 0.5ºC) 

- T  [ºC]: Resolution: 0.1 ºC (Accuracy < 0.5ºC) 

- t  [min]: Resolution: 1 min. It provides separate 
readouts of both compressors (named A and B) inside 
the heat pump.  

Through the web portal, it is possible to access to these 
parameters in the form of graphical information, but 
also as datasets downloadable in .csv format in four 
different manners: 

- Yearly: weekly-averaged (WA) data from the last year 
(57 points per dataset).  

- Monthly: daily-averaged (DA) data from the last 
month (37 points per dataset) 

- Daily: 30 minute-averaged (30MA) data from the last 
day (48 points per dataset) 

- Hourly: minute-resolved (MR) data from the last hour 
(60 points per dataset). 

A data-logger routine had to be programmed from a 
remote computer in order to save datasets (.csv format) 
every hour for the MR data and every day for the 30MA 
data. WA data was collected manually. DA data was 
discarded for the analysis since it did not provide any 
relevant feature over the rest. The large amount of .csv 
files collected (almost 8·104 files per year in the case of 
MR data) were managed using Microsoft Excel (2007), 
where download and processing routines were 
programmed under Visual Basic environment. 

3. RESULTS  

3.1 Data exploitation 

Calculation of SCOP and SEER (see Table 2), as well 
as non-instant COP and EER (over a day, week or 
month) is straightforward and involves Eh, Ec, EDHW 
and Ee: 

SCOP =
E + E

E
 

                                             [3] 

SEER =
E

E
 

                                                             [4] 

Table 2. Thermal loads, Electric consumption and 
SCOP and SEER corresponding to 3 years of 
WA data collection. 

Season 
(heating / 
cooling) 

Eh+EDHW 
(kWh) 

Ec 
(kWh) 

Ee 

(kWh) 
SCOP / 
SEER 

Sep2015-
May2016  

89619  27347 3.28 

Jun2016-
Sep2016 

 33369 10308 3.24 

Oct2016-
May2017  

86158  26889 3.20 

May2017-
Oct2017 

 40026 13874 2.88 

Oct2017-
Jun2018 

89882  29117 3.09 

Jun2018-
Oct2018 

 37035 12529 2.98 

Figure 1 depicts the evolution of COP and EER 
throughout 3 complete cold seasons and 4 complete 
warm seasons, respectively (calculated according to 
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expressions [3] and [4] using 1 week as the integrating 
period). The linear fits provide an estimation of the 
average yearly decreasing rate, being 2.0% for COP 
and 3.8% for EER.  

 

Figure 1. Time evolution of COP and EER from WA 
data. Values in the vicinity of a mode shift 
(heating to cooling or vice versa) have been 
suppressed to avoid distortion. Linear fit is 
shown to illustrate the decreasing trend along 
the years. 

 

Figure 2. Time evolution of 𝐓𝐛𝐫𝐢𝐧𝐞
𝐨𝐮𝐭  (top) and 𝐓𝐛𝐫𝐢𝐧𝐞

𝐢𝐧  
(bottom). WA data comprises a larger period 
of data than MR data because systematic 
collection of the latter started in June of 2017.  

 

Concerning ground temperature evolution, T  
provides the best picture. In Figure 2, the time evolution 
of T  and T  are presented, from WA and MR 

data. In the case of MR data, only the values of  T  
and T during heat production or rejection are taken 
into consideration. Although this should cause no 
difference in WA and MR data for T  (as confirmed 
by Figure 2a) this is the reason why it a significant 
difference between WA data and MR data is observed 
in the case of T  (Figure 2b).  

Energy exchanged with the ground can be evaluated 
just by using T , T . However, brine flow must 
be known: 

∆E = ρ(T)V̇(t)c (T)(T
 

− T )dt ≅ 

≅ ρ(T)V̇(t)c (T) T − T ∆t                 [5] 

Where ∆ti =1 min, ∀i and T is taken as the mean value 
of T  and T  at time interval ti.  

Instant building load (Q̇ ) can also be estimated 
through Eh, Ec, EDHW, but special attention must be paid 
to the time scale. Over a day, the overall energy 
delivered or removed from the building divided by a 
daytime can be fairly assumed as the average building 
load of that day: 

Q̇
 

= Q̇
 

=
∆E

24  

                              [6] 

However, the same reasoning would not necessarily 
apply to periods around 1 hour or below. This is true 
especially for fixed-speed compressors, since the heat 
pump operates at maximum capacity when it is ON 
regardless of the load. The best approximation is 
obtained if both tON and tOFF are known for a certain 
ON/OFF cycle (MR data is needed): 

Q̇
 

= Q̇
 

=
∆E

t + t
                       [7] 

Nevertheless, to perform this calculation in a 
systematic way for all the datasets is impractical, 

because tON and tOFF are stochastic variables, so Q̇  
should be calculated “manually” for each period 
identified and delimited. A much simpler method 

consists of using the values of Q̇ (t) from 30MA data:  

Q̇ (t) =
∆E

0.5 ∆ .

                                                         [8] 

Empirically, it is observed that a smoothing of the Q̇ (t) 
curve provides a consistent representation of the 
building instant load (see Figure 3). The smoothing is 
carried out mathematically by averaging over 5 values 

(it means that Q̇ (t) is averaged over 2.5h at each t) 
around a particular time ti: 
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Q̇ (t ) ≈ Q̇  (t ) =
1

5
Q̇ t           [9] 

 

Figure 3. Capacity and electrical power rates 
calculated from 30MA data under heating 
mode (top plot, December 13th of 2017) and 
under cooling mode (bottom plot, July 13th of 
2018). �̇�𝐭 𝐬𝐦𝐨𝐨𝐭𝐡𝐞𝐝 is presented as an 
estimation of �̇�𝐭

𝐥𝐨𝐚𝐝. 

Therefore, this method provides a reasonable 
estimation of the building load evolution with time and 
a fast identification of the peak loads in a certain month.  

This is further confirmed by observing at the MR data 
corresponding to the time evolution of T  , T  
and T . From Q̇   curves, it can be identified 
quasi steady state time periods on the one hand from 1 
a.m. to 6 a.m. and from 8 p.m. to 12 a.m. (December 
13th of 2017, Figure 3, top); on the other hand from 3 
a.m. to 7 a.m. and from 12 p.m. to 8  p.m. (July 13th of 
2018, Figure 3, bottom). In Figure 4 the same time 
periods are characterised by a regular sequence of 
almost identical ON/OFF cycles, except for the period 
going from and from 12 p.m. to 8  p.m.  on July 13th of 
2018. In this last case, it is interesting to identify two 
periods with nearly constant T  (from 12 p.m. to 
2 p.m. and from 6 p.m. to 8p.m.), which represent the 
situation when thermal load equals heat pump capacity 
(heat removal and heat supply rates coincide at the 
storage vessel). Although this is also an evidence of 
quasi steady state conditions, Figure 3 (bottom) aids a 
more accurate delimitation of the time period where 
such conditions take place. 

 

Figure 4. MR data corresponding to the parameters 
𝐓𝐛𝐫𝐢𝐧𝐞

𝐨𝐮𝐭  , 𝐓𝐛𝐫𝐢𝐧𝐞
𝐢𝐧 , 𝐓𝐒𝐕

𝐨𝐮𝐭, recorded during 
December 13th of 2017 (top) and July 13th of 
2018 (bottom). tON corresponding to both 
compressors A and B inside the heat pump 
are superimposed in all the plots (specified as 
“COMP A ON” and “COMP B ON” in the 
graphs). 

One of the best tools for the characterisation of the 
GSHP under part-load conditions is the representation 
of the part-load factor (PLF) against the part-load ratio 
(PLR) [Corberán J. M. et al., 2013; Waddicor D.A. et 
al., 2016]. 

The PLR is the ratio between the thermal load and the 
heat pump capacity: 

PLR =
Q̇

Q̇
                                                                  [10] 

When  Q̇  is constant or showing little variation 
(<10%) over time, quasi steady state conditions can be 
considered, and therefore expression [10] can be 
approximated [Corberán J. M. et al., 2013] as: 

PLR =
t

t + t
                                                         [11] 

Therefore, tON readout is required in combination with 
the identification of quasi steady state periods through 
Q̇  . 

Concerning the PLF, it is defined as the ratio between 
measured and declared COP or EER: 

PLF =
COP

COP
                                                                 [12] 

PLF =
EER

EER
                                                                 [12] 
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Expressions [11] and [12] are referred strictly to power 
ratios. However, under quasi steady state conditions, 
average power ratios can be approximated to the ratio 
of mean powers, but also to energy ratios, so it is valid 
to calculate the value of PLF for a certain period of time 
t (including cycling operation or not) according to: 

PLF ≅
COP|∆

1
t

∑ COP
∆

≅

≅

E
E

∆

1
t

∑
P T , T

P T , T + P
∆

            [13] 

PLF ≅
EER|∆

1
t

∑ EER
∆

≅

≅

E
E

∆

1
t

∑
P T , T

P T , T + P
∆ 

          [14] 

Notice that for the calculation of PLFh, only periods of 
heating were considered. It does not exclude the 
possibility of considering periods with DHW 
production, but for the sake of simplicity, it is 
preferable to distinguish between heating and DHW 
when calculating the PLF of a certain period.  

In order to input Ph, Pc and Pe corresponding to each 
minute in expressions [13] and [14], it is necessary to 
know T  and T  to look up in the reference 
performance data (Table 1). However, since values in 
Table 1 are provided by the manufacturer as a set of 
discrete data, an interpolation function must be built-up 
first. Moreover, T  and T  are not parameters 
recorded by the monitoring system (although they are 
accessible in-situ at the heat pump equipment). 
Alternatively, it can be established the following 
equivalence for the particular case of the SGE 
installation under analysis: 

T |  ≅ T ≅ T |        [15] 

T
 

≅ T ≅ T
 

        [16] 

Unfortunately, T  is neither recorded by the 
monitoring system, so there would be no physical 
means to get datasets representing T  under heating 
mode. To overcome this limitation, it is necessary to 
identify declared capacity and power in Table 1 by 
T  and T  instead of  T  and T , because 

T  can be identified with a recorded parameter: 

T |  ≅ T ≅ T |        [17] 

This is the reason why there is an additional column in 
Table 1 showing the calculated T  values 

corresponding to each T . T  is obtained from the 
following expression accounting for the declared 
capacity: 

𝑃 T , T = 𝜌�̇� 𝑐 T − T →   

→ T = T −
𝑃 T , T

𝜌�̇� 𝑐
                        [18] 

Where �̇�  is provided by the manufacturer as one of 
the test conditions required by norm EN255. 

Figure 5 shows two collections of (PLR, PLF) values 
obtained from July-August of 2017 (cooling mode) and 
from December 2017 to January 2018 (heating mode). 
In both cases, it is observed that PLF decreases as the 
PLR approaches to 0. 

 

Figure 5. PLF obtained for a set of operating periods 
where quasi steady state conditions were 
identified, for cooling (blue dots) and heating 
(red dots) operating mode. 

3.2 Simulation with GLD (v2016) 

For the simulation of the SGE installation performance 
under the GLD software environment, it is necessary to 
have the information concerning three main blocks: 

- BHE field characteristics. The geometry and 
the characteristics of the BHE field are defined by the 
ground characteristics, pipe geometry and materials, 
brine characteristics and circulation pump power 
consumption. 

- Thermal loads. It is required to input the 
monthly thermal loads either for heating and cooling 
mode, along with the monthly peak load. 

 - Heat pump characteristics. GLD possesses a 
database with the declared performance data of several 
units from several manufacturers. Additionally, if the 
heat pump of the SGE installation under simulation is 
not among the list provided, it is possible to built a 
customized model in its Edit/add heat pump module 
(using values from Table 1 in this case). However the 
test conditions in the GLD modelling tool are 
referenced always to entering water temperatures 
(EWT), which means T  and T  instead of  T  
and T . The reason for this relies on the fact that 
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American heat pump manufacturers follow ISO13256 
[ISO 13256, 1998] as the standard for testing their 
equipment (GLD was created in the US, indeed), and 
test conditions are defined there through T  and 
T , in contrast to EN14511, which is the standard 
adopted mostly by European companies. Therefore, 
this fact further justifies the need for including the T  
column in Table 1. 

The GLD simulates the seasonal performance of the 
installation and provides a value for SCOP and SEER 
using the same system boundaries as those defined in 
expressions [3] and [4], so the simulation results are 
perfectly comparable o the ones measured. 

Table 3 shows a comparison between the measured 
SCOP and SEER for the period going from April 2017 
to March 2018 and the simulated values obtained by 
GLD for the same period and thermal loads, taking into 
consideration that the heat pump equipment would be 
operating according to the declared performance 
defined by Table 1. 

Table 3. Measured and simulated SCOP and SEER 
corresponding to the period from April 2017 
to March 2018, comprising two complete 
warm and cool seasons. 

Eh+EDHW 
(kWh) 

Ec (kWh) 
SCOP 
/SEER 

measured 

SCOP 
/SEER 

simulated 
85457  3.11 3.3 

 40026 2.89 3.5 
 

4. DISCUSSION 

Although it is observed a clear decrease of EER and 
COP over the years, this is not correlated with the 
ground temperature evolution, so any change in T  
must be discarded as a possible cause. Simulated SCOP 
and SEER values are greater than those measured for 
the same period of time, but closer to the values 
corresponding to the oldest period of observation in 
Table 2. This fact supports the idea that a progressive 
degradation could have been taking place since the 
commissioning of the SGE installation, although not 
necessarily following the linear trend shown in Figure 
1. Besides, it is observed a significantly higher decay 
rate in EER than COP. This is attributed to the fact that 
𝑡 >𝑡 , especially during the warm season (take day 
plots Figure 4 as representative) since compressor A 
acts as the “master” unit and compressor B acts as the 
“slave” one, which means that compressor B only 
operates under high load conditions and therefore 
compressor A would be aging faster. Nevertheless, this 
“aging rate” is too high to be considered as regular 
aging (the SGE installation is only 6 years old), so other 
factors that are still unknown must come into play.  

The representation of PLF(PLR) offers a significant 
picture of how part-load operation can affect the 
installation performance. However, the values obtained 

cannot be taken as a reliable quantification of the 
efficiency losses due to cycling operation regimes. 
There are several important factors and limitations in 
the methodology that are at least worth to mention. 
Firstly, the declared performance data shown in Table 
1 is referred to the heat pump equipment, while the SGE 
installation as a whole shows several differences. Some 
elements concerning tests at the factory (brine 
composition, working flows at evaporator and 
condenser) differ from actual operating conditions. 
Moreover, rated performance of a specific heat pump 
unit admits a deviation margin compared to the 
declared performance stated by the manufacturer as 
such. Norm EN14511 specifies a tolerance in capacity 
testing up to 12% and up to 15% in EER / COP testing 
with respect to declared values.  

Concerning T , Figure 4 shows that when no heat is 
being supplied or removed from the building, T  is 
not a reliable readout. In theory T  must equal T  
when the heat pump is not operative, but this is not 
observed, so averaged values of ON and OFF periods 
will yield non-representative values of average T . 
Therefore, WA data concerning T  should be 
discarded in this particular case. 

5. CONCLUSIONS 

Remote monitoring of SGE installations and data 
processing offer an attractive tool for the 
characterisation of their performance. The quality and 
utility of the data depends on the time resolution 
employed for data collection. WA data is the best 
option in order to observe the evolution of COP and 
EER throughout large periods of time (years), as well 
as the ground temperature (through T ). MR data is 
preferred when identification or even quantification of 
efficiency losses due to part-load operation are pursued 
(based on the relationship between PLR and PLF). MR 
data is also necessary when lower time resolution can 
distort the accuracy in parameter measurement through 
averaging (like in the case of T ). 30MA (or 1 hour 
resolution, in general) is a useful time-scale in order to 
estimate building loads, but also to identify time 
periods with quasi steady conditions, which is 
mandatory in order to obtain consistent results from the 
PLF(PLR) analysis. 

Concerning the particular case under study, the 
PLF(PLR) analysis evidences a correlation between 
system performance and part-load operation, showing 
differences in PLF greater than 10% between scenarios 
with low (PLR0) and high (PLR1) building loads. 
On the other side, it cannot be concluded from the 
PLF(PLR) analysis alone that the SGE installation 
shows a significant reduced capacity with respect to the 
declared values stated by the heat pump manufacturer. 
Nevertheless, WA data demonstrate that there exists a 
progressive decay in COP and EER since the beginning 
of data collection. Simulated SEER and SCOP support 
the observations. Although the reasons are still 
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unknown, this decrease cannot be attributed to a change 
in ground temperature.  

The recorded parameters listed in section 2.2 allow a 
detailed analysis of an in-service SGE installation, but 
the processing methodology would be simpler and the 
analysis even fruitful if only a few more parameters 
were recorded systematically, namely: V̇ , V̇ , 

T , T , T , T  and T . 
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