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Abstract: 

Heat pumps are proved to be a highly efficient technology for sanitary hot water production. 
Particularly, in the case of air source heat pumps, a strong effort has been dedicated to improve 
their efficiency. However, when installing those highly efficient heat pumps coupled with the 
storage tank needed for sanitary hot water production, an inefficiency is introduced in the 
system since this coupling has to be indirect according to EN 1717:2000 to prevent from any 
potential pollution of potable water in case of a leakage of refrigerant into the tank. In practice, 
there are only three options for this coupling: through a coil heat exchanger inside the tank, an 
intermediate heat exchanger between the tank and the heat pump or a double wall condenser. 
The objective of this research work thus is to determine the indirect coupling with the highest 
energy efficiency, cost-effectiveness and the lowest environmental impact. 

The results show that this indirect coupling could lead up to a 30 % global efficiency reduction. 
In this report, a techno-economic evaluation was carried out for the representative climate 
conditions around Europe, resulting in the double wall condenser type of coupling as the most 
efficient, cost-effective and least CO2 emitter option for all the cases analysed. 

Keywords: heat pump; energy efficiency; sanitary hot water production; thermal energy 
storage; energy optimization; techno-economic assessment 
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1. Introduction 
The importance of the energy usage in buildings is undeniable, being currently responsible of 
the 40 % of the energy consumption and 36 % of CO2 emissions in Europe, as stated in [1]. 
Analysing concretely the case of households, according to [2], the gross of the energy 
consumption corresponds to space heating (64.7 %) and water heating systems (14.5 %). In this 
context, the 2010 Energy Performance of Buildings Directive (EPBD) came into force introducing 
for the first time the concept of Near Zero Energy Building (NZEB) and with the objective of 
considerably reducing the energy demand of this sector, contributing thus to the future 
decarbonization of Europe according to H2020 targets. 

Considering the NZEB aspect in the near future, the energy consumption percentage dedicated 
to space heating will be highly reduced and then the energy consumption for sanitary hot water 
production (SHW) will even represent a higher percentage. As a consequence, the reduction of 
the latter will play an important role in the objective of reducing the total energy demand in the 
residential sector and its associated CO2 emissions. Differently to the space heating 
consumption, the energy consumption of the system dedicated to SHW production cannot be 
reduced just by acting on the demand without the risk of not satisfying the user comfort. 
Therefore, in order to reduce the system energy consumption, it will be key the use of highly 
energy efficient technologies, such as Heat Pump (HP) systems that are recognized as a 
renewable energy resource by the European Directive 2009/28/CE [3].  

However, in the case of SHW production, the HP is just one of the components of the integrated 
system. In fact, it is coupled to the SHW storage tank. So, in order to optimize the system energy 
performance, not only the heat pump must be efficient but also the design and operation of the 
integrated SHW system. 

HP technology presents at this moment a remarkably high efficiency itself, with a strong 
research and development effort dedicated over the last and current years to further increasing 
it, as stated in [4], [5]. However, not so many studies were found in literature addressing the 
effects of the design and/or operation of the other system components existing in an installation 
for SHW production in the system global efficiency. 

Considering the whole system, it is undeniable the high importance and contribution of the 
thermal energy storage (TES) system to the global efficiency, as stated in [6], [7]. Several studies 
have been carried out focusing on the thermal stratification within the storage tank and 
analyzing its influence on the system energy efficiency [8]–[11]. Apart from the thermal 
stratification and according to [10], the performance of those systems combining a HP and a 
storage tank is usually lower than the one expected. This fact is often due to the hydraulic 
integration of the system. Various studies, such as [6], [10], [12], study the influence of the 
hydraulic integration on the system global efficiency. Finally, the control of the facility plays a 
key role on the global efficiency, as described in [6], [7], [10], [13], [14], in which different control 
strategies to optimize the system energy performance are assessed. 

However, there is a lack of studies about the kind of coupling employed between the HP and the 
storage tank which, according to EN 1717:2000, is of compulsory fulfillment in order to prevent 
potential pollution of potable water by a refrigerant leakage to water in the condenser. Special 
attention must be paid to this indirect coupling, as it has a negative effect on the system global 
efficiency, with a system energy efficiency reduction that can reach values up to 30%, depending 
on the type of coupling as it has been found in this study. The aim of this research work is to 
compare the system energy performance, cost-effectiveness and environmental cost (in terms 
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of CO2 emissions) of three different possible types of coupling between the HP and the TES 
system for SHW production: coil heat exchanger inside the storage tank, brazed plate heat 
exchanger outside the tank with a double water loop, and double wall heat pump condenser. 
Studies were carried out taking as a reference the direct coupling option, which corresponds to 
that when the water inside the TES is the secondary fluid at the HP condenser. 

This paper presents the results of the energy and techno-economic assessment of the effect of 
the coupling between an air source heat pump (ASHP) and the storage tank for SHW production. 
First, each of the different types of coupling analyzed is introduced. Then, the developed system 
model in TRNSYS and the optimization process is described in detail. Finally, the results of the 
energy optimization, the techno-economic and environmental assessment are presented with 
the aim to identify the case with the highest energy efficiency, the highest cost-effectiveness 
and the lowest environmental cost for the different representative climates in Europe. The HP 
cases are compared with one of the most conventional ways of producing SHW, an immersed 
electric heater. The gas boiler case, which is together with the immersion electric heater one of 
the most conventional ways of producing SHW, has been discarded from the study since we 
aimed at decarbonized technologies only. 

2. System description 
2.1. Cases analyzed 
In Fig. 1 the three possible coupling options between the HP and the TES are shown. Fig. 1a 
represents the Base Case (BC), considered as a reference for the studies. This BC corresponds to 
the direct coupling case that would not fulfil the European Norm EN-1717:2000, since the 
secondary fluid (water) exiting the HP condenser is the same as the one entering the tank, 
putting in potential contact the refrigerant with the potable water that might be polluted in case 
of a refrigerant leakage [15]. Although this case does not comply with the norm, it has been 
considered as the base case since it is the optimal from the thermodynamics point of view, 
keeping the stratification in the TES as much as possible and keeping to the minimum the 
temperature difference between the condensation and the tank temperature. 

Fig. 1b shows the Coil Case (CC). In this case, the coupling between the HP and the storage tank 
is made by means of a coil heat exchanger inside the tank fulfilling thus with the EN-1717:2000, 
since any refrigerant leakage will remain in the secondary fluid loop and will not reach the 
interior of the tank. The fluid circulating through the coil is the secondary fluid of the HP 
condenser (water). 

The External Heat Exchanger Case (EHXC) consists of inserting an intermediate closed water loop 
connected to the condenser and to a brazed plate heat exchanger (BPHE) which transfers the 
heat to another water loop with direct coupling to the TES. This coupling strategy requires one 
extra circulation pump and an intermediate BPHE. A sketch of the EHXC is shown in Fig 1c. 

The Double Wall Condenser Case (DWCC) (sketched in Fig. 1d) is almost equal to the BC, but in 
this case, the condenser of the HP is a double wall condenser, which separates the refrigerant 
from the water through a very thin air gap in a way that the refrigerant could never leak into the 
water. The double wall condenser, however, introduces an inefficiency in the heat exchange 
process in the condenser. 
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Fig. 1. Sketch of the different coupling options presented: a) Base Case, b) Coil Case, c) External Heat Exchanger Case 
and d) Double Wall Condenser Case. 

2.2. Components modelling 
TRNSYS [16] has been the simulation tool used to model and analyse the different cases 
presented. An integrated system model was created in TRNSYS. The main components of the 
model are: the HP, the storage tank, the BPHE (only for the EHXC) and the control. 

The HP considered is an ASHP which was developed, experimentally tested and fully 
characterised in the framework of a H2020 European project named Geot€ch [17]. The HP 
operates with R32 as refrigerant with a nominal capacity of 8 kW. It is a variable capacity HP 
(inverter compressor) designed to provide heating, cooling and SHW. Its performance is 
modeled as a black box by implementing polynomial correlations, which were obtained from 
the experimental testing campaign, in a new TRNSYS type. The polynomial correlations 
implemented in the new TRNSYS type are presented in Fig. 2, in which the comparison between 
the experimental results and the ones obtained with the correlations are compared. Further 
details are provided in [18], [19]. This work will only be focused on the SHW production mode. 

 

Fig. 2. Equations implemented in the model versus experimental results. 

The TES system has been simulated with TRNSYS type 60 because it is “the most detailed tank 
model available in the standard TRNSYS library” according to TRNSYS user manual and 
mathematical reference, and also because it has been widely used and experimentally validated 
in previous research publications such as [20]. The storage tank considered in the model is a 
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commercial one, concretely WOLF’s SE-2 model of 200 liters, that is the usual value for the 
demand considered (single family house in Europe), and with the possibility to integrate a coil 
inside.  

The BPHE considered in the model is also a commercial one, concretely SWEP’s B16 model. It 
was also modelled in TRNSYS in terms of UA-Value and pressure drop as a function of the 
number of plates and mass flow rates. This way, during the optimization process, the total 
number of plates could be obtained as the one that makes the global system energy 
performance maximum at a reasonable cost. The UA-Value and pressure drop correlations as 
well as the determination of the total number of plates considered is deeply explained in [21]. 

Regarding the Double Wall Condenser Case, it was necessary to make a new correlation for the 
HP model, since it introduces a penalty on the condenser performance. The equivalent thermal 
conductivity of the double plate separating two refrigerant channels (𝑘𝑘′) is obtained departing 
from an apparent fouling factor (𝛽𝛽) provided by the manufacturer [22] which takes into account 
the resistance of the air gap in between the double plates. Once this new effective thermal 
conductivity was estimated, the new HP performance correlations were obtained in IMST-ART 
software [23] and the HP model was updated in the corresponding TRNSYS type. 

 𝑒𝑒
𝑘𝑘 + 𝛽𝛽 =

𝑒𝑒
𝑘𝑘′ → 𝑘𝑘′ =

𝑒𝑒
𝑒𝑒
𝑘𝑘 + 𝛽𝛽

 (1) 

Finally, regarding the control of the system, it was found that in order to make a fair comparison, 
it must be guaranteed that the thermal energy stored in the tank (kWh) is the same in all cases 
considered. This way, the control was programmed to handle the average temperature in the 
tank to a value equal to 45 °C. This way, it is possible to guarantee that, once charged, the 
thermal energy stored in the tank is the same in all the simulations carried out. This study has 
been performed for an average final tank temperature of 45 °C because it was part of a study 
trying to keep the SHW temperature as low as possible. Anyhow, the main conclusions of the 
study are independent of the final temperature, being of general application. The legionella 
problem will be solved with periodic chemical treatments within the water tank, allowing thus 
the system to work at 45 °C. As it is a small system, there is no recirculation of the water, thus it 
is excluded from the risk facilities according to the drinking water directive [24]. 

2.3. Integrated system model 
The study will be carried out for three European locations: Athens, Strasbourg and Helsinki, 
which have strategically been selected in order to stand for the climate diversity in Europe 
according to the energy labeling normative [25]. The aim of proceeding this way is to obtain the 
optimal design and operating conditions for the entire Eurozone. 

The present study is focused only on the charging process, in this way it will be simulated one 
typical day for summer (TDS) and for winter (TDW) for each one of the selected locations. The 
two typical days in each region were selected in such a way that the mean temperature of the 
day (MTD) was the closest to the mean temperature of the season (MTS) considered, and that 
the temperature evolution during the day followed a typical smooth sinusoidal evolution. Table 
1 shows the typical days selected for summer and winter operation, as well as the tap water 
(Ttap) temperature considered for each case. 
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  ATHENS STRASBOURG HELSINKI 

 TDS  30th July  21st June  30th June 

 TDW  3rd February  4th March  29th December 

 MTS-Summer  26.09 17.94 14.92 

 MTD-Summer  26.09 17.93 14.93 

 MTS-Winter  9.65 1.67 -6.77 

 MTD-Winter  9.68 1.68 -6.82 

 Ttap summer (C) 19.62 13.40 10.46 

Ttap winter (C) 10.62 5.29 5.11 

Table 1. Typical day and tap water temperature values considered. 

The integrated system model considered, consists of a multi-variable air source heat pump 
system where not only the frequency of the heat pump compressor can vary but also the 
frequency of the fan and the water circulation pumps (variable temperature difference in the 
heat exchangers). Fig. 3 shows the variables considered for the optimization study: frequency of 
the compressor (fc), frequency of the fan (ff) and the temperature difference of the secondary 
fluid in the condenser (dTc). In the case of the EHXC, two additional optimization variables were 
considered: the number of plates (Np) and the secondary mass flow rate circulating in between 
the BPHE (ṁ2) and the tank, expressed as a function of the primary mass flow rate in the BPHE 
(ṁ1). 

 

Fig. 3. Variables and range considered for the optimization of the multivariable model. 

3. Analysis methodology 
3.1. Energy performance assessment 
The aim of the energy performance assessment is to determine the optimal system global 
efficiency for each type of coupling, location and season considered. First, a sensitivity analysis 
was performed by means of TRNSYS TRNEDIT parametric tool [16], in order to analyse the 
isolated effect of each of the variables on the system global efficiency. Then, the TRNSYS TRNOPT 
optimization tool [16] was used to determine, for each case, the values of the variables that 
make the system work on its optimal point (maximum efficiency). 
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The Seasonal Performance Factor (SPF) was chosen as the indicator to assess the energy 
performance of the system. Concretely, the SPF4 defined in the SEPEMO-build project [26] was 
selected, since it settles a common and “defined methodology for calculation of the seasonal 
performance factor and a definition of which devices of the system have to be included in this 
calculation” [45]. Eq. (2) introduces the expression considered for SPF4. 

 
𝑆𝑆𝑆𝑆𝑆𝑆4 =

𝑄𝑄𝑊𝑊_ℎ𝑝𝑝+𝑄𝑄𝑊𝑊_𝑏𝑏𝑏𝑏

𝐸𝐸𝐵𝐵_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 𝐸𝐸𝑆𝑆_𝑓𝑓𝑓𝑓𝑓𝑓 + 𝐸𝐸𝑊𝑊ℎ𝑝𝑝 + 𝐸𝐸𝑊𝑊_𝑏𝑏𝑏𝑏
 (2) 

Where Q is the useful heat, provided from the HP (𝑄𝑄𝑊𝑊_ℎ𝑝𝑝) or the back-up system (𝑄𝑄𝑊𝑊_𝑏𝑏𝑏𝑏) and E 
is the power consumption of each of the components present in the system: compressor 
(𝐸𝐸𝑊𝑊_ℎ𝑝𝑝), fan (𝐸𝐸𝑆𝑆_𝑓𝑓𝑓𝑓𝑓𝑓), external circulation pump/s (𝐸𝐸𝐵𝐵_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) and back-up system (𝐸𝐸𝑊𝑊_𝑏𝑏𝑏𝑏). 

Finally, but not less important, the user comfort has to be guaranteed. For this purpose, the 
lowest SHW temperature delivered to the user was settled at 35 °C, and a restriction was 
imposed to the model which consists of having a minimum comfort factor of 95 % from 8 am to 
9 pm, otherwise the case is rejected. The comfort factor is calculated according to Eq. (3). 

 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 =

∫ �̇�𝐶𝑇𝑇𝑇𝑇𝑏𝑏𝑝𝑝≥35

∫ �̇�𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
     𝑖𝑖𝐶𝐶 8 𝑎𝑎𝐶𝐶 < 𝑡𝑡 < 9 𝑝𝑝𝐶𝐶 (3) 

Where �̇�𝐶𝑇𝑇𝑇𝑇𝑏𝑏𝑝𝑝≥35 is the supplied mass flow rate of the system at a temperature higher than 35 °C 
and �̇�𝐶𝑇𝑇𝑓𝑓𝑓𝑓𝑓𝑓𝑇𝑇 is the total demanded mass flow rate from the user, both considered in the same 
time frame (from 8 am to 9 pm). 

3.2. Techno-economic and environmental assessment 
A techno-economic study is essential to determine the best option available in the market, in 
economic terms. The energy analysis determines the most energy efficient case, but it does not 
take into consideration the different system costs. By undertaking a techno-economic study, not 
only the energy efficiency of the system is considered, but also the system, annual and 
investment costs. Three economic indicators were considered in the assessment: the Net 
Present Value (NPV), the Payback period (PB) and the Internal Rate of Return (IRR). 

Additionally, the impact of each case on the environment will be analysed including an 
environmental assessment. The CO2 emission intensities considered for the study, shown in 
Table 2, were obtained from the European Environment Agency (EEA) [27]. 

In order to accurately perform the techno-economic study, several key parameters need to be 
defined: the interest market rate, the inflation rate, the useful life of the facility and obviously 
the system costs. The values considered for each of the parameters are shown in Table 2. The 
market interest rate, the inflation rate and the electricity prices, were obtained from the 
Eurostat database [28], calculated as the mean value for the last five years (2017-2013). 
According to usual practice, the useful life of the facility considered is 15 years.  
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    GREECE FRANCE FINLAND EU28 

 CO2 emission 
intensities   gCO2/kWh  829.9 34.80 106.40 275.90 

 Electricity 
price   €/kWh  0.23 0.28 0.31 0.32 

 Gas price   €/kWh  0.07 0.07 0.09 0.07 

 Inflation rate   %  -0.44% 0.63% 0.90% 0.72% 

Interest 
market rate % 6.11% 2.40% 2.67% 2.50% 

Table 2. Parameters for the techno-economic and environmental assessment [27], [28]. 

Finally, regarding the system costs, the following were identified: initial investment cost, annual 
costs and savings costs. The annual costs were calculated using TRNSYS with an annual 
simulation for each of the cases considered. With this objective, a single-family of 3 people 
demand profile has been used, obtained with DHWcalc software [29] and shown in Fig. 4. 
Regarding the saving costs, they were calculated comparing the heat pump case with the electric 
immersion heater. Concerning the electricity price, three scenarios were considered: the 
scenario 1 with the average electricity prices for the last five years, the scenario 2 considering a 
10 % increase of the average electricity price without taxes, and the scenario 3 considering a 
10% reduction of the average electricity price without taxes. In this report, results for the 
scenario 3 are presented, since it is the scenario with the minimum profitability for the HP 
technology. Furthermore, it has been considered as the most realistic case in the coming future 
due to the growing of renewable energies in the market. Finally, regarding the investment costs, 
a detailed budget for each of the cases considered was obtained according to manufacturer 
prices. The budget details can be found in the Appendix. 

 

Fig. 4. Annual demand profile for the techno-economic study [29].  
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4. Results and discussion 
4.1. Optimization results 
SPF4 represents the global efficiency of the system, so it includes the energy consumption of all 
the components existing in the system: compressor, circulation pumps, fan and parasitic losses 
according to SEPEMO’s definition in Eq. (2). 

Location Case 
ff (Hz) fc (Hz) dTc (K) m1/m2 (-)  Np (-) 

Winter Summer Winter Summer Winter Summer Winter Summer Winter Summer 

 HEL  

BC 20.6 20.625 80.0 48.125 3.0 3.375 - - - - 

CC 25.6 21.25 41.3 33.75 3.0 3 - - - - 

EHXC 20.0 20 80.0 37.5 3.0 3 0.8 0.775 22.0 22 

DWCC 20.6 20 80.0 45 3.0 3 - - - - 

 STR  

BC 20.6 20 80.0 48.75 3.2 3.3125 - - - - 

CC 25.0 20 41.3 48.75 3.0 3.3125 - - - - 

EHXC 20.0 21.25 80.0 38.125 3.1 3.125 0.7 0.8125 22.0 22 

DWCC 20.0 20 80.0 45.3125 3.3 3.25 - - - - 

 ATH  

BC 20.0 20 80.0 48.75 3.4 3.3125 - - - - 

CC 21.3 20 37.5 32.1875 3.0 3.375 - - - - 

EHXC 22.5 20 41.3 38.125 3.1 3.4375 0.9 0.8 22.0 22 

DWCC 20.6 20 49.4 43.75 3.0 3.8125 - - - - 

Table 3. Variables values for the optimal value of SPF4 in summer and Winter, for each location and case analysed. 

Fig. 5 and Fig. 6 show the maximum values of the SPF4 achieved as a result of the energy 
optimization for the different selected locations for the typical days simulated in winter and 
summer respectively. Each of the cases included has been previously simulated in order to 
obtain the variable values that make maximum the SPF4 of each case independently. Thus, the 
different cases are compared for their optimal working conditions, with the values of fc, ff, dTc, 
Np and ṁ2/ṁ1 that maximize their global efficiency of the system, which analysis can be 
consulted in [30] and their values in Table 3.  

 

Fig. 5. SPF4 results for winter. 
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Fig. 6. SPF4 results for summer. 

As expected, the direct coupling between the HP and the storage tank (BC) reaches always the 
highest energy efficiency in all the cases analysed due to the lack of energy losses caused by the 
presence of an intermediate heat exchanger (CC and EHXC) or a lower heat transfer efficiency 
in the condenser (DWCC). Taking the BC as the reference case, Table 4 presents the percentage 
reduction in the SPF4 for each type of tank coupling analysed with respect to the BC. 

 SPF4 

  HEL HEL STR STR ATH ATH 

  WINTER SUMMER WINTER SUMMER WINTER SUMMER 

BC 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

CC 26.97% 25.97% 27.40% 28.38% 26.99% 27.59% 

EHXC 22.14% 20.74% 23.49% 20.15% 21.72% 22.40% 

DWCC 3.27% 3.06% 3.80% 2.82% 4.45% 3.48% 
Table 4. Percentage reduction of SPF4 for each type of tank coupling with respect to the BC. 

As it can be observed, the DWCC is the most efficient type of indirect coupling with a 3.66 % 
average reduction when compared to the direct coupling (BC); the CC is the worst case, 27.10 % 
lower than BC on average, but fairly close (5.41 % difference in average) to the EHXC. So, it makes 
not a huge difference in terms of energy efficiency to have an indirect coupling by means of a 
coil inside the storage tank or an external brazed plate heat exchanger compared to the DWCC 
which is clearly the most efficient solution. 

Finally, it is important to remark that the different climates have an influence on the efficiency 
of the system. The higher the ambient temperature the higher the system global efficiency, since 
a higher ambient temperature leads to less heat losses through the storage tank and a higher 
temperature inlet of the secondary fluid in the evaporator with a consequent lower compressor 
consumption. Thus, the SPF4 results for the warmer season are higher than those of the cold 
season, in the same vein than the best results are those for the warmer climate conditions, 
represented by Athens. The percentage reduction of SPF4 among the different types of coupling 
is similar, with little dependence on the climate, being 28.38 % the maximum difference found 
with respect to the BC for the case of CC in Strasbourg during the summer working conditions. 
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4.2. Techno-economic and environmental results 
This section solves one of the main objectives of this work that is to conclude which is the 
optimal type of coupling from a techno-economic and environmental point of view. As the aim 
of the present work is to provide a general conclusion for all the regions of the Eurozone 
independently from the economic conditions of a certain country, an average interest rate, 
inflation rate and prices for the Eurozone were considered. Analogously, instead of considering 
just one specific country for the climate conditions, and according to the Energy Labelling 
normative [25], results are presented for ‘warmer’ (Athens), ‘average’ (Strasbourg) or ‘colder’ 
(Helsinki) climate conditions.  

When comparing the HP cases with a conventional way of SHW production (immersion electric 
heater) a huge difference in energy consumption is appreciated, due to the greater energy 
efficiency of the HP. This difference is also appreciated when analyzing the annual costs of the 
system. The gas boiler case, which is also a conventional way of SHW production, has not been 
included in the techno-economic analysis due to the high CO2 emissions associated. 

Table 5 presents the results of the economic indicators of the different types of coupling 
analysed, taking the immersion electric heater as the reference. The CO2 emission results, in 
tons of CO2 during the useful life of the facility (15 years), are also presented in Table 5. 

Climate Case PB IRR NPV CO2 T. 

Average 
climate 

conditions 

 CC  11.08 6.35%          1,919.59 €  3.96 

 EHXC  10.37 7.28%          2,669.81 €  3.79 

DWCC 9.60 8.40%          3,399.21 €  3.22 

Warmer 
climate 

conditions 

 CC  12.90 4.34%             881.72 €  2.94 

 EHXC  12.11 5.15%          1,423.08 €  2.88 

DWCC 11.46 5.89%          1,869.41 €  2.49 

Colder climate 
conditions 

 CC  11.12 6.30%          1,891.50 €  4.08 

 EHXC  10.32 7.34%          2,704.98 €  3.96 

DWCC 9.47 8.60%          3,530.56 €  3.51 

Table 5. Economic indicators for the three average climates in Europe. 

Analysing the results presented in Table 5, the major conclusion reached is that the DWCC is the 
best option from a techno-economic and environmental point of view for all the cases analysed. 
Since, independently on the climate conditions, it presents the lowest PB, the highest IRR and 
the highest NPV, as well as the lowest CO2 emissions. This makes the solution of a DWC as the 
optimal, having thus a big potential in the market and serving as a reason for the manufacturers 
to really opt for the DWC as the most convenient type of coupling for SHW production. Looking 
at the PB periods on Table 5, it is possible to conclude that there is still a need for improvement 
on HP technology. The PB periods are still quite high which is due to a high investment cost. A 
reduction of the HP technology investment cost will absolutely make HP technology more 
competitive in the market and lead to its wide use in Europe. 

Although the relatively high cost of a HP is still a barrier in comparison with the cheapest 
technology (immersion electric heater), the investment on a HP proves to be profitable, and 
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much more efficient, with a profit well above the consumer index price (CIP), with a PB under 
the useful life of the facility and with a NPV well above the investment costs. 

5. Conclusions 
This work is focused on the influence of the indirect coupling of a SHW system between an ASHP 
and the TES tank required by the EN 1717:2000. A TRNSYS integrated system model was built to 
assess the system energy performance, the cost-effectiveness and the environmental cost of 
three possible types of coupling: coil case (CC), external heat exchanger case (EHXC) and double 
wall condenser case (DWCC). The heat pump cases have been compared to the immersion 
electric heater option, being one of the conventional ways of SHW production. 

The results show clearly the DWCC as the optimal indirect coupling between the heat pump and 
the thermal storage tank. This coupling option presents the highest efficiency (only 3.66 % in 
average lower than the direct coupling case (BC)) and cost-effectiveness compared to an 
immersion electric heater (2933.06 € higher in average), as well as the lowest CO2 emissions 
(only 3 % in average higher than the BC) among the cases simulated. Whereas the CC, being 
surprisingly the mostly used option nowadays, presents the worst efficiency (27.1 % lower in 
average than the BC) and cost-effectiveness (only 1564.27 € in average) and the highest CO2 
emissions (21% higher in average than the BC).  

So, the DWC presents a big potential in the market, proving this alternative as technically and 
economically viable. 

Although the relatively high cost of a HP is still a barrier in comparison with the cheapest 
technology (immersion electric heater), the investment on a HP proves to be profitable, and 
much more efficient. 
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Appendix 
Table A1. Base Case investment costs. 

Base Case 
Component Manufacturer Features Unitary price Units Price 

Tank  Mecalia   200 l without coil                  3.70 €   €/l           740.00 €  
HP  Geotech prototype   8 kW   -   €/kW        4,000.00 €  

Circulation pump  Wilo   YONOS PICO 25/1-8-130   -   -           138.75 €  

Lines  -   -  10%  -           487.88 €  

Loan interests  -   -   -   -           772.05 €  
 TOTAL   -   -   -   -        6,138.68 €  

 

Table A2. Coil Case investment costs. 

Coil Case 
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Component Manufacturer Features Unitary price Units Price 

Tank with coil  Mecalia   200 l - con coil                  3.90 €   €/l           780.80 €  

HP  Geotech prototype   8 kW   -   €/kW        4,000.00 €  

Circulation pump  Wilo   YONOS PICO 25/1-8-130   -   -           138.75 €  

Lines  -   -  10%  -           491.96 €  

Loan interests  -   -   -   -           778.50 €  

 TOTAL   -   -   -   -        6,190.01 €  

 

Table A3. External Heat Exchanger Case investment costs. 

External Heat Exchanger Case 
Component Manufacturer Features Unitary price Units Price 

Tank  Mecalia   200 l - sin coil                  3.70 €   €/l           740.00 €  

HP  Geotech prototype   8 kW   -   €/kW        4,000.00 €  

Circulation pump 1  Wilo   YONOS PICO 25/1-8-130   -   -           138.75 €  

Circulation pump 2  Wilo   YONOS PICO 25/1-8-130  -  -           138.75 €  

Intercambiador  SWEP   B16 22 placas                18.43 €   €/placa           405.37 €  

Lines  -   -  10%  -           501.75 €  

Loan interests  -   -   -   -           858.15 €  

 TOTAL   -   -   -   -        6,782.77 €  

 

Table A4. Double Wall Condenser Case investment costs. 

Double Wall Condenser Case 
Component Manufacturer Features Unitary price Units Price 

Tank  Mecalia   200 l - sin coil                  3.70 €   €/l           740.00 €  

HP  Geotech prototype   8 kW   -   €/kW        4,000.00 €  

Circulation pump  Wilo   YONOS PICO 25/1-8-130   -   -           138.75 €  

DWC  Alfalaval   ACH18DW 18 placas  -  -           611.71 €  

Lines  -   -                  0.10 €   -           487.88 €  

 Loan interests   -   -   -   -           868.85 €  

 TOTAL   -   -   -   -        6,847.19 €  

 


