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Abstract 

As heat pumps are meant to play a crucial role in the 

decarbonisation of heating and cooling, it is important to 

have a clear knowledge about their seasonal efficiency. 

The current standards in force base their calculation of the 

seasonal efficiency on values of the efficiency obtained in 

different static configurations, but do not take into 

account the dynamics that take place in real operation. In 

this work, four different methods are used to calculate the 

seasonal efficiency, using annual dynamic simulations, 

series of laboratory experiments with a real heat pump, 

and simplified calculations. This paper implements these 

methods to residential buildings in different scenarios that 

are representative of the climates of Catalonia. The 

strengths and weaknesses of each method are discussed 

and compared. 

Key Innovations 

 Four different methods for calculating heat 

pump seasonal efficiency are thoroughly 

compared. 

 A detailed model of a variable speed heat pump 

with integrated water tank is validated with 

measurement data. 

 A range of cases with different climates, 

emission systems and control strategies were 

tested 

Practical Implications 

The results reveal that a controller with weather 

compensation (use of heating curves) provides at least 

35% higher efficiency over a constant temperature 

configuration. The climate zone on the other hand has less 

influence on the seasonal efficiency (among the tested 

climates of Catalonia). The proposed variable-speed heat 

pump model including its local controller is valid for 

performing annual simulations. The limitations of some 

methods to assess the performance of heat pumps 

providing both heating and DHW services are 

highlighted. 

 

Introduction 

Heat pump systems have long been identified as a crucial 

element to decarbonize heating and cooling (International 

Energy Agency, 2017). Heat pumps can transfer heat 

from a source to a sink, with a highly efficient 

thermodynamic cycle which requires the use of electricity 

for its compressor. The performance is usually measured 

through a Coefficient of Performance (COP), which 

compares the thermal energy produced with the electricity 

used, and usually takes values higher than 2. The COP 

only measures the efficiency in given static conditions, 

that is why the manufacturers and the standards currently 

in force have already included the calculation of a 

seasonal COP (SCOP), or seasonal performance factor 

(SPF), which takes into account part of the dynamic 

behaviour changing over the year according to the season 

and the different climatic conditions.  

The calculation of the SCOP for space heating according 

to the standard EN14825 (CEN, 2018) is based on the 

values of COP at partial load. This is particularly relevant 

for variable speed heat pumps (VSHP), which can adapt 

to a certain extent their thermal output to the desired load 

of the building. However, even the COP values at partial 

load are measured by the manufacturer in static and 

controlled conditions, which do not always reflect the 

internal controls and the short-term dynamics that can be 

found when the heat pump is in operation in a real 

building. This can lead to some overestimation of the 

SCOP values calculated according to the standard, and 

raise doubts among the general public regarding the 

savings they can expect from a heat pump installation. It 

is therefore crucial to corroborate the values of SCOP 

obtained with the standard, with other methods based on 

simulations, experiments, or other simple calculations. 

The presented work aims at evaluating the SCOP for the 

combined services of space heating and DHW in dynamic 

conditions, and comparing these results with methods that 

only evaluate the space heating part. There exist another 

standard for the determination of SCOP for DHW only 

(EN 16147), but it was not evaluated here. 

To perform this work, a detailed model of VSHP 

developed in TRNSYS software was used, including its 

internal control strategy. The study thus enabled to verify 

its accuracy compared to experiments carried out in a 

laboratory with the real heat pump. The work presented in 

this paper is focused on the climates present in Catalonia 

(Spain), and intends to verify if the geographic and 

climatic disparities may lead to significant differences in 

the heat pump SCOP. 

Four different methods for calculating the SCOP have 

been used and compared, two of which consider both 

heating and DHW, and the two others only space heating. 

Firstly, these four methods are presented and explained. 
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Secondly, the methods used and the study cases are 

described. Thirdly, the results of the application of the 

four methods are presented and discussed. Finally, 

conclusions are drawn from the aforementioned results.. 

Different methods for the calculation of heat 

pump seasonal efficiency 

Method 1: EN14825 and bins calculation 

The first method to calculate the Seasonal Performance 

Factor (SPF) consists in following the calculations set in 

the European Standard EN14825 (CEN, 2018). In this 

norm, it is denominated SCOPnet. Its calculation is an 

extrapolation of the nominal efficiency (COP) values 

determined in different operation points at full load or 

partial load. The annual extrapolation is based on three 

standard climate profiles (warmer, average and colder). 

Every hour of a typical year in these climates is classified 

into bins of outdoor temperature. The warmer climate will 

hence have less hours in the bins of low outdoor 

temperature than the colder climate. The COP values 

obtained at certain nominal points with different outdoor 

temperatures are extrapolated for the outdoor 

temperatures of every bin. Then, an average weighted by 

the hours of all bins is carried out, in order to obtain the 

final SCOPnet. 

The standard also derives a so-called seasonal space 

heating efficiency, calculated as follows, With CC a 

conversion coefficient equal to 2.5, and F(1) a correction 

coefficient of heaters due to adjusted contributions of 

temperature controls: 

𝜂𝑠 =
1

𝐶𝐶
𝑆𝐶𝑂𝑃 − 𝐹(1)  (1) 

Since the calculation relies on predefined values of the 

COP at the nominal points, two different approaches have 

been followed: 

- First, using the nominal COP values as they 

appear in the manufacturer’s datasheet, 

considering a variable outlet temperature. 

- Secondly, using the experimental values of COP 

obtained in the laboratory during steady-state 

tests. These tests were carried out in the same 

conditions as the manufacturers (hence 

according to the norm), but they correspond to 

actual values of the machine in a more realistic 

setup. 

Method 2: Simplified method from IDAE 

For the Spanish case, the Institute for Diversification and 

Saving of Energy (IDAE) accepts an alternative method 

to the norm EN14825. This other calculation is reported 

in (IDAE, 2007). It is a simplified methodology which 

determines the SPF from a unique value of nominal 

efficiency COPnominal, and adjusting it using two different 

factors, as shown in (1). One of them is a weighting factor 

(FP) while the other is a correction factor (FC). 

𝑆𝑃𝐹 = 𝐶𝑂𝑃𝑛𝑜𝑚𝑖𝑛𝑎𝑙 ∙ 𝐹𝑃 ∙ 𝐹𝐶   (2) 

The weighting factor FP depends of the climatic zone of 

Spain, as defined in the Building Code or CTE (Ministerio 

de Vivienda, 2020). The correction factor takes into 

consideration the difference between the actual 

temperature used by the systems, and the temperature for 

which the 𝐶𝑂𝑃𝑛𝑜𝑚𝑖𝑛𝑎𝑙  has been obtained.  

Method 3: Experiments with typical days 

This third method is based on the operation of the real heat 

pump in dynamic conditions during several typical days 

selected with numerical methods. These chosen days 

represent the typical operation of the heat pump during 

the periods of heating and cooling for a specific climate 

and a specific building considering as well its DHW 

consumption. The method consists in performing 

experiments of 24 hours duration, to characterize the 

efficiency of the heat pump according to a dynamic load 

of a virtual building model, following the hardware in the 

loop concept. The results from the typical days can then 

be extrapolated to estimate the annual SPF (Riederer, 

Partenay, & Raguideau, 2009). It is expected that this 

method can yield more realistic results, given that the 

efficiency of air-based heat pumps highly depends on its 

dynamic behaviour. The methodology was validated in 

previous studies (Menegon, Soppelsa, & Fedrizzi, 2017), 

where it was notably demonstrated that it is possible to 

determine the SPF with deviations of less than 5% with a 

sequence of 4 typical days (Mehrfeld, Huchtemann, & 

Müller, 2017). 

Sequences of 4 days have therefore been chosen for this 

study. The choice of the 4 typical days is done as follows: 

- A climate zone is selected, with hourly values of 

the weather data given for a whole typical year.  

- The days of the year of the considered climate 

are separated into 4 clusters of similar outdoor 

temperature and solar irradiation, using kmeans-

GA optimization. 

- Within each cluster the day which has the 

thermal load closest to the average thermal load 

of the cluster is taken as the typical day for the 

cluster. 

In the experiments performed in the present work, only 

the two extreme climate zones and two different emission 

systems were considered, to limit the number of 

experimental tests to four. The choice of the climate zones 

is detailed later on, and all the climate zones of Catalonia 

are then studied with the annual simulations.  

Method 4: Annual dynamic simulations 

The last method consists in carrying out annual dynamic 

simulations with a detailed model of heat pump coupled 

to a virtual building, so that it is possible to calculate the 

seasonal efficiency with different emission systems, 

building typologies and climate zones. The usual heat 

pump models often rely on the correction of the nominal 

efficiency using performance maps in stationary 

conditions. This approach has some limitations in the case 

of variable speed heat pumps, for this reason in this work 

a detailed model of heat pump was used.  

This model is based on an experimental performance map 

of the COP in different conditions recreated in a climate 

chamber, as well as different supply and return 

temperatures. These tests enable to obtain an 

experimental polynomial model of the electricity use of 
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the heat pump. Furthermore, the internal control also 

forms part of the model, with a controller that regulates 

the frequency of the compressor to reach the desired outlet 

temperature. The parameters of the controller were 

adjusted with historical experimental data, so that it 

reproduces the dynamic behaviour of the real heat pump. 

The overall model was previously validated to reproduce 

the fast dynamics of the heat pump as well as its values of 

production and consumption of energy with high fidelity 

(Péan, 2020). 

The annual simulations are carried out using the software 

TRNSYS. The complete model includes the detailed heat 

pump model, the building with its emission system, the 

external files that contain the weather data of the different 

climate zones and the profiles of occupancy and DHW 

use. The simulations have a timestep of 1 minute and 

cover the whole year, however for the calculation only the 

heating season is considered. A total of 42 cases were 

simulated, considering the possible combinations of 

climate zones, emission systems, and two different 

control configurations for the supply temperature. 

Boundary conditions used in the evaluations 

Climate zones in Catalonia 

According to the national Building Code CTE (Ministerio 

de Vivienda, 2020), there are 7 different climate zones in 

Catalonia. They are represented in Figure 1. For the 

annual simulations (Method 4), weather data is required 

for each climate zone: for this purpose, the Typical 

Meteorological Years (TMY) from software Meteonorm 

have been used, with the representative cities mentioned 

in Table 1.  

To limit the number of experimental cases, only two 

climate zones have been selected for this purpose. The 

temperature and irradiation histograms of the different 

cities presented in Table 1 have been compared to those 

of the standard, leading to the selection of Tarragona (B3) 

as representative of the “warmer” climate, and Puigcerdà 

(E1) as representative of the “average” climate. 

 

 
Figure 1. Climate zones in Catalonia according to CTE. 

 

Table 1. Climates and cities in Catalonia. 

Zone 

CTE 

Reference  

city 

Correspondance with  

climates from EN14825 

B3 Tarragona ~ “warmer” climate 

C3 Reus  

C2 Barcelona  

D3 Lleida  

D2 Girona  

D1 Vic  

E1 Puigcerdà ~ “average” climate 

 

Building typology 

The building chosen for the study is a single-family, semi-

detached house on three floors, for a total of 175 m2. The 

house is divided in 9 zones, 2 on the ground floor, 4 on 

the 1st floor and 3 on the 2nd floor. The building is 

represented in Figure 2 and the main boundary conditions 

are shown in Table 2. 

Three versions of the building model have been created in 

TRNSYS, with different heat emission systems: radiators 

Table 2. Boundary conditions for the building model. 

Parameter Conditions Reference 

Infiltration n50 = 7.5 ACH  EN 15242 

Temperature 

set-point 

20ºC during daytime 

(6h to 22h) 

17ºC during nights 

CTE 

Occupancy 

profile 

Stochastic profile  

Internal gains 

from 

occupants 

70 W/m2 during 

daytime and 46 W/m2 

during nighttime (in 

function of body 

surface and number of 

occupants) 

ISO7730 

Internal gains 

from 

equipment 

2.2 W/m2 during active 

occupation (radiative 

fraction 0.2) 

CTE 

Internal gains 

from lights 

In function of the light 

control in the zones 

Lights turned off if > 

200 lux and turnes on if 

< 150 lux. Power = 2 

W/m2 and efficiency = 

0.6 

CTE 

DHW 

extraction 

profile 

Extraction profile M, 

5.85 kWh/day, 123 

liters of water at 55ºC 

extracted daily with 

temperature of the 

mains at 14ºC.  

EN 16147 
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Figure 2. 3D views and floor plan of the building study case. 

of high or low temperatures, and radiant floor. The three 

emission systems were dimensioned to cover the demand 

of the coldest climate considered (E1), which has a peak 

of 12 kW. The high temperature radiators are designed to 

work with supply temperature of 55ºC. For the low 

temperature radiators, the design supply temperature is 

45ºC, and therefore the heat transfer to the room is lower; 

for this reason the radiators must be overdimensioned 

with more hydraulic elements to compensate and still 

cover the entire demand. For the radiant floor, the 

dimensioning was made according to the standard for a 

type A, a temperature lift of 5 K, a pipe spacing of 20 cm 

and a total flow rate of 30.8 l/min. 

Heat pump system 

The heat pump used in this study is an air-to-water, 

variable speed machine available on the market for 

residential applications for heating and including a 

storage tank for DHW of 200 liters. Its nominal capacity 

is 11 kW in heating mode, for a COP of 3.98.  

The heat pump is installed in a laboratory setup, including 

a climate chamber where the outdoor unit is situated, and 

where different dynamic or static weather conditions can 

be reproduced. Two thermal benches enable to emulate 

the heating load of the house on one hand and the DHW 

extractions from the tank on the other hand.  

The heat pump can be configured with a constant supply 

temperature, or using a heating curve, which adapts the 

supply temperature in function of the ambient outdoor 

temperature. The heating curves from the standard 

EN14825 are presented in Figure 3. With the real 

machine, the heating curve configuration is slightly 

different: the point 20ºC/20ºC is fixed, and the user can 

configure the slope of the line starting from that point. It 

is recommended a slope of 1.2 for radiators applications 

and 0.4 for a radiant floor. When using Method 1, we used 

the points from the standard as represented in Figure 3, 

while in the case of Method 3 (experiments with typical 

days), we used the heating curve integrated in the heat 

pump local controller, changing the slope in function of 

the emission system. 

 
Figure 3. Heating curves from the standard (weather 

compensation). 

Results 

Results Method 1 

The results of Method 1 are obtained following the 

calculation process of the standard EN14825. For this 

reason, the calculation is performed only for the two 

climates denominated “average” and “warmer” in this 

norm, which correspond to the climate zones E1 and B3, 

respectively. The first step consisted in obtaining the 

values of COP at partial load in different conditions. They 

are presented in Figure 4 for the “average” climate. The 

values from the manufacturers datasheet are represented, 

as well as the experimental values obtained during static 

tests in the laboratory. Both series of values are similar, 

except for high ambient temperatures in medium 

temperature applications, where the measured COP is 

lower than expected from the manufacturer data, because 

of frequent cycling in these conditions. The same process 

was carried out for the “warmer” climate. 

The two series of values of COP (manufacturer and 

experimental) have been extrapolated in all intermediate 

conditions and used to calculated the overall SCOP with 

the bins method. The results are presented in Table 3. It is 

observed that the experimental values of SCOP are 

always slightly below the values declared by the 

manufacturer. In the average climate, the difference is 

only of 6 to 16% in efficiency, but it provokes a change 

of category (A++ vs. A+++) for low temperature 

applications. In the case of the warmer climate, the 

difference between manufacturer and experimental values 

is higher, with the actual SCOP being 0.8 to 1 lower than 

the value declared by the manufacturer. Despite this 

difference, the evaluation results in the same label of 

energy efficiency: category A+++. 
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Figure 4. Static test results (COP), made in accordance with 

EN14825, here only shown for the“average” climate, for 

medium temperature applications (top) and low temperature 

applications (bottom). Two series of data are shown, those 

provided in the manufacturer datasheet, and those measured 

experimentally. 

Table 3. Results in terms of SCOP. 

Climate 

EN14825 (CTE) 
“Average” (~E1) “Warmer” (~B3) 

 Application 
Medium 

temp. 

Low 

temp. 

Medium 

temp. 

Low 

temp. 

M
a

n
u

fa
ct

u
re

r 

SCOP  3.47 4.75 4.9 6.05 

Efficiency 

ηs and 

label 

136% 

A++ 

187% 

A+++ 

193% 

A+++ 

240% 

A+++ 

E
x

p
er

im
en

ts
 

SCOP 3.31 4.36 3.85 5.2 

Efficiency 

ηs and 

label 

130% 

A++ 

171% 

A++ 

151% 

A+++ 

205% 

A+++ 

 

Results Method 2 

The results for Method 2 are calculated according the 

simplified formula from IDAE, which does not consider 

the option of a supply temperature varying in function of 

the outdoor conditions. The calculation is based on the 

nominal COP, which is 3.0 with a supply temperature of 

55ºC and 5.0 with a supply temperature of 35ºC. Since the 

nominal COP is given in the same temperature conditions 

than when the heat pump is used, the correction factor FC 

is equal to 1 and does not have an impact. The weighting 

factor FP depends on the climate and the type of machine 

used: in the climates B and C, FP is equal to 0.8 for 

centralized systems, and to 0.68 for split systems, which 

are usually less efficient. In the climates D and E, FP is 

equal to 0.75 for centralized systems and to 0.64 for split 

systems. The results of seasonal efficiency are presented 

in Table 4.  

Table 4. Results of seasonal efficiency from Method 2 (IDAE).  

Climate zone Medium temperature application (55ºC) 

Nominal 

COP at 

55ºC 

Centralized systems 

SPF ηs Label 

B3, C2, C3 3.00 2.40 93% A 

D1, D2, D3, E1 3.00 2.25 87% B 

  
 

Split systems 

  
 

SPF ηs Label 

B3, C2, C3 3.00 2.04 79% C 

D1, D2, D3, E1 3.00 1.92 74% D 

Climate zone Low temperature application (35ºC) 

Nominal 

COP at 

35ºC 

Centralized systems 

SPF ηs Label 

B3, C2, C3 5.00 4.00 157% A++ 

D1, D2, D3, E1 5.00 3.75 147% A+ 

  
 

Split systems 

  
 

SPF ηs Label 

B3, C2, C3 5.00 3.40 133% A+ 

D1, D2, D3, E1 5.00 3.20 125% A+ 

The climate zones are actually separated in two groups, 

the warmer B3, C2 and C3 on the one hand, and the colder 

D1, D2, D3, E1 on the other hand. The SPF is slightly 

higher in the warmer climate zones, with values between 

0.12-0.15 (radiators) and 0.20-0.25 (radiant floor) higher 

than in the other zones. There are more differences in the 

cases with distinct supply temperatures: the worst case 

corresponds to a split system in the coldest climate zones, 

with a SPF of 1.92, while with a centralized system in a 

warmer climate, we can reach an efficiency twice as high, 

with a SPF of 4.0. 

Results Method 3 

Table 5. Sequences of typical days performed experimentally.  

Emission 

system 
Radiators Radiant floor 

Climate B3 E1 B3 E1 

Sequences of typical days: 

Day 0 23-Mar 26-Dec 18-Dec 30-Oct 

Day 1 29-Jan 22-Feb 05-Jan 25-Jan 

Day 2 04-Feb 25-Feb 15-Jan 23-Apr 

Day 3 10-Feb 18-May 19-Feb 13-May 

Day 4 23-Mar 26-Dec 18-Dec 30-Oct 

Results of the overall SCOP: 

SCOP 2.37 2.32 4.10 3.96 
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Method 3 corresponds to the experiments of the typical 

days, which evaluates both space heating and DHW. The 

sequence of typical days is presented in Table 5, they were 

selected numerically as stated in the previous sections, 

and offer various climatic conditions that correspond to 

what can be encountered in that location along the heating 

season. Day 4 is repeated at the beginning of the sequence 

as Day 0, to pre-condition the building model and the 

systems during the experiments.  

The SCOP is then calculated simply as the ratio of thermal 

energy produced by the heat pump, and the electrical 

energy used. The thermal energy is deduced from flow 

and temperature measurements at the inlet and outlet of 

the heat pump, while the electricity use is measured 

directly with a power meter. It should be noted that the 

heat pump includes an electrical resistance for backup 

heating in case the compressor is not sufficient. This 

backup was activated in one of the typical days of the case

 

 
Figure 5. Experimental tests of typical days in climate E1 with a radiant floor system. 

 
Figure 6. Results of SCOP from the simulations (Method 4). LTR = low temperature radiators, RAD = radiators, RF = radiant 

floor, CST = constant supply temperature, HC = heating curve. 
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climate E1 with radiators. 

The SCOP results are presented in the last line of Table 5. 

The difference among the two studied climates is very 

slight, less than 0.05 for the radiators case and 0.14 in the 

radiant floor case. However the emission system 

importantly impacts the efficiency: the SCOP is around 

2.35 when using radiators (temperatures around 55ºC) but 

around 4.05 when using radiant floor.  

Results Method 4 

Method 4 consisted in carrying out annual dynamic 

simulations with a detailed heat pump model, providing 

both DHW and space heating services (with always 

priority for DHW). The SCOP is then computed again as 

the ratio between thermal energy and electrical energy 

resulting from that detailed model, over the course of a 

whole typical year for each climate zone. A total of 42 

simulations were run, for the 7 climate zones, the 3 

emissions systems and 2 different control configurations. 

The control configurations were the following: 

- Constant supply temperature: in that case, the 

supply temperature is set to 55ºC for the 

radiators, 45ºC for the low temperature radiators 

and 35ºC for the radiant floor. 

- Heating curve (weather compensation control): 

in that case, a heating curve was applied, 

adapting the supply temperature to the outdoor 

conditions. The slope of the curve was 1.5 for the 

radiators, 1.2 for the low-temperature radiators 

and 0.5 for the radiant floor. 

The results of SCOP are presented graphically in Figure 

6. It can be observed that the seasonal efficiency of the 

same heat pump can vary substantially, between 2.3 and 

4.4 in the presented cases. The control configuration of 

the supply temperature has more impact on the results 

than the climate, although the latter also has some 

influence. The cases with constant supply temperature are 

sorted by their level of temperature: with 55ºC the SCOP 

is lower, while with 35ºC the SCOP is always higher, 

which is logical, given the COP observed in static tests for 

these different levels of temperature.   

When the heating curve is used, that order is not 

systematic. In that configuration, the radiators, whether of 

high or low temperature, have a very similar SCOP, 

almost equal in all climates. Changing from a constant 

supply temperature to a heating curve has a beneficial 

effect on the efficiency, but the slope of that curve then 

does not have so much influence. The most important 

improvement is observed for the climate E1 with radiant 

floor, where passing from a constant 35ºC to the curve of 

slope 0.5 produces an increase of the SCOP of +1.4 (from 

2.95 to 4.31).  

The SCOP values previously obtained experimentally 

with Method 3 (typical days) are represented with red 

stars on Figure 6. They show a good correlation with the 

simulated values, which confirms the suitability of the 

detailed heat pump model. 

 
Figure 7. SCOP represented geographically for the different 

climate zones of Catalonia, for the case of radiators with a 

heating curve of slope 1.5. 

Figure 7 displays the SCOP represented on the map of 

Catalonia for the case of radiators with the heating curve. 

The steep slope of the heating curve means the climate has 

more impact on the efficiency. Some differences can for 

example be observed between the mountainous colder 

inland with lower values of SCOP around 2.8, while on 

the Southern coastline, it reaches values around 3.6, in the 

same configuration. However, when radiators are used 

with a constant temperature, the efficiency is the same in 

all the territory, around 2.2 (indigo tones), therefore the 

map was not reproduced here. On the other hand, with a 

radiant floor and the heating curve, the efficiency is also 

quite constant all over Catalonia, with values higher than 

4 (yellow tones), and the map was not reproduced either. 

Discussions 

After computing the seasonal efficiency of the heat pump 

with the 4 different methods, the results are summarized 

in Table 6. Only the values for climates B3 and E1, and 

for two emission systems (radiators and radiant floor) are 

presented, as they are the only ones with results for all 

methods. It should be noted that Methods 1 and 2 only 

consider heating, while Methods 3 and 4 also include 

DHW production in the calculations. For this reason, the 

two last methods present in general worst SCOP results, 

since DHW must be produced at high temperature, where 

the heat pump is less efficient. 

It is observed that Method 2 (IDAE) underestimates the 

seasonal efficiency, since it does not consider the 

possibility of varying the supply temperature as do the 

other methods. The results from experimental studies and 

annual simulations (Methods 3 and 4) are comparable, 

while the results of Method 1 obtained with the norm 

EN14825 present higher values of seasonal efficiency. 

Methods 3 and 4 presents lower values of efficiency, 

although they are probably more realistic, for different 

reasons: i) they include the DHW load, ii) they take into 

account the dynamic interaction with the building in 
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dynamic and more realistic operating conditions, iii) they 

take into consideration  the internal control of the heat 

pump, including the activation of backup electrical heater, 

iv) the tests of the standard consider ideal nominal points, 

especially at very low load conditions, that the real 

systems cannot reproduce in reality.  

Table 6. Summary table comparing the results of the 4 methods 

for the climates E1 and B3 and for 2 emission systems.  

Emission 

system 
Radiators (55ºC) Radiant floor (35ºC) 

Climate E1 B3 E1 B3 

Method 1 - EN14825 - Exp. values  (only heating) 

SCOP 3.31 3.85 4.36 5.2 

ηs [%] 130 151 171 205 

Label A++ A+++ A++ A+++ 

Method 1 - EN14825 – Manufact. values (only heating) 

SCOP 3.47 4.9 4.75 6.05 

ηs [%] 136 193 187 240 

Label A++ A+++ A+++ A+++ 

Method 2 – IDAE (only heating) 

SCOP 1.9-2.3 2.0-2.4 3.2-3.8 3.4-4.0 

ηs [%] 74-87 79-93 125-147 133-157 

Label D/B C/A A+ A+/A++ 

Method 3 – Experiments typical days (heating + DHW) 

SCOP 2.32 2.37 3.96 4.1 

ηs [%] 90 93 155 161 

Label B A A++ A++ 

Method 4 - Dynamic simulations (heating + DHW) 

SCOP 2.1-2.8 2.3-3.5 3.0-4.3 3.0-4.0 

ηs [%] 81-109 89-137 117-169 117-157 

Label C/A+ B/A++ A/A++ A/A++ 

 

Conclusions 

In this study, the seasonal efficiency of a heat pump used 

for space heating and DHW production has been 

calculated with different methods. The results reveal that 

the aspect that influences most the seasonal efficiency is 

the working supply temperature and the way it is 

controlled. The lower the supply temperature, the better 

the efficiency, and if it is maintained constant, the 

efficiency is degraded significantly. The manufacturers 

actually recommend the use of weather compensation 

control through heating curves. The difference between 

working with a constant or with a variable supply 

temperature exceeds 35%, considering the average 

climate of Catalonia. The SCOP varies from 3.0 (constant 

temperature) to 4.1 (variable temperature) when working 

at low temperature, for instance with radiant floor. The 

SCOP varies from 2.2 (constant temperature) to 3.3 

(variable temperature) when working at medium 

temperature, for instance with radiators at 55ºC.  

The results suggest that the current values of SCOP 

calculated with the standard tend to be a little bit 

optimistic for the space heating operation. They should be 

interpreted carefully, taking into account the 

overestimation in some cases. It would be suggested to 

develop a standard method that calculates the seasonal 

efficiency for the combined use of a heat pump for both 

space heating and DHW services. This would enable a 

more realistic evaluation of such systems.  
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