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Publishable executive summary 
HYBUILD is an EU Horizon 2020-funded project, led by COMSA, which will develop two 
innovative compact hybrid electrical/thermal energy storage systems for stand-alone and 
district connected buildings.  

In the present deliverable, the cost-effectiveness of the HYBUILD solutions was evaluated for 
two reference buildings, a single-family house building located in Athens and a multi-family 
house building in Stuttgart, which are representative of Mediterranean and Continental building 
typologies and climates. The evaluation was carried out through a life cycle cost assessment by 
comparing the HYBUILD systems with two technologically advanced but commercially 
mainstream reference solutions. 

In the base case scenario, the Mediterranean HYBUILD solution results in a total Life Cycle Cost 
of 145,444 € (1,454 €/m2), while the respective value for the reference system is 50,133 € (501 
€/m2). The higher Life Cycle Cost of the HYBUILD solution is due to its higher acquisition cost, as 
it includes far less commercially mature technologies. The total Life Cycle Cost for the 
Continental HYBUILD system is equal to 197,380 € (395 €/m2), while the reference system results 
in a total cost of 116,730 € (233 €/m2). The significantly improved economic performance of the 
Continental HYBUILD system compared to the competing reference system is because of the far 
higher space heating and DHW demand of the Continental building compared to the 
Mediterranean building, which results in much higher savings due to the highly efficient 
HYBUILD solutions. 

Finally, a series of case studies were carried out to investigate the influence of the thermal losses 
of the distribution network of the reference systems, the potential acquisition cost reduction of 
the HYBUILD solutions and the energy prices. The results showcased the significant prospects of 
the HYBUILD Continental system for application in MFH buildings, especially if its 
commercialization enables an acquisition cost reduction by about 50% and high thermal 
distribution losses are considered for the reference system. On the other hand, the prospects of 
the HYBUILD Mediterranean solution are relatively limited. This is because of the substantially 
low space heating and domestic hot water of the considered building, which results in the annual 
energy savings achieved by the HYBUILD system not being sufficiently high to compensate for 
its high initial cost. 
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Acronyms and Abbreviations 
 

AKG AKG Verwaltungsgesellschaft 

CNR see ITAE 

CSEM Centre suisse d’électronique et de microtechnique 

DHW Domestic hot water 

enerboxx enerboxx® Energy efficient DHW-storage from PINK 

EURAC Accademia europea di Bolzano 

EoL End of Life 

FAHR FAHRENHEIT GmbH 

FPC Flat Plate Collectors 

FRES Fresnex GmbH 

ITAE 

Consiglio Nazionale delle Ricerche - (aka CNR-ITAE) The Advanced Energy 
Technology Institute “Nicola Giordano” 

LCA  Life cycle assessment 

LCC Life cycle cost 

LCCA Life cycle cost assessment 

MFH Multi-family house 

OCHS Ochsner Wärmepumpen GmbH 

PV Photovoltaic 

RPW-HEX 
Refrigerant-PCM-Water HEX (latent storage integrated in the refrigerant cycle of 
a compression heat pump) 

SC Space Cooling 

SCOP Seasonal oefficient of performance 

SEER Seasonal energy efficiency ratio 

SFH Single-family house 

SH Space Heating  

STRESS 
Sviluppo Tecnologie e Ricerca per l'Edilizia Sismicamente Sicura ed 
ecoSostenibile 

UDL Universidad de Lleida 

WP Work package 
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1 INTRODUCTION  

1.1 Aims and objectives 

HYBUILD is an EU Horizon 2020-funded project, led by COMSA, which will develop two 
innovative compact hybrid electrical/thermal energy storage systems for stand-alone and 
district connected buildings.  

The aim of this report (Deliverable 5.3 “Life Cycle Cost Assessment studies”) is to assess the 
economic viability of the two HYBUILD solutions applied for Mediterranean (MED) and 
Continental (CON) buildings, through Life Cycle Cost Assessment (LCCA) methodology, 
considering all stages of the systems’ life cycle. For this reason, for each HYBUILD system (MED 
and CON), a reference system was defined and analyzed to be used for comparison. An 
additional objective is to identify the components having the highest impact on economic 
performance, allowing future efforts to focus on them, in order to enhance the feasibility of the 
future HYBUILD commercial product. Finally, parametric studies were also carried out to fully 
evaluate its economic potential under different assumptions.  

1.2 Relations to other activities in the project 

The inventory of the HYBUILD systems was defined in Deliverable D5.1 Life Cycle Assessment of 
the HYBUILD system. 

Most information on the costs of HYBUILD systems components was provided by the technology 
providers involved in WP2 (Core components and modules design), through questionnaires, co-
developed with STRESS and RINA, also during the activities and for the respective analysis of 
Task 1.6 (Cost and Technology Payback Analysis) of WP1.  

The building definition and the boundary conditions, for which the assessment of the HYBUILD 
and reference systems is carried out, namely the buildings’ area and location, occupants number 
and schedule, energy performance, etc., were defined during the activities of Task 1.1 (Specific 
climate considerations and Building typological classification) of WP1 and reported in 
Deliverable D1.1 (Requirements: the context of application, building classification and dynamic 
uses consideration). 

Input to this deliverable was also provided by the activities carried out within WP4 (Smart control 
and System integration) and reported in Deliverable 4.2 (Functional requirements specification), 
where the simulations of both HYBUILD solutions were performed, providing input for the 
assessment of the operational phase of the LCCA, and more specifically the electricity 
consumption of the HYBUILD systems. 

1.3 Report structure 

The deliverable is divided into seven sections.  

 In Section 1, the aims and objectives of the report, its relationship with the other 
activities of the project, its main structure, as well as the partners’ contribution is 
described. 

 Section 2 describes the methodology and economic indicators considered for the LCCA 
of the HYBUILD systems.  

 In Section 3, an overview and the main characteristics of the reference systems is given. 
 In Section 4, the application of the LCCA methodology to the examined system is 

described, as well as the assumptions and limitations of the study. 
 Section 5 provides an overview of LCCA results under the base case scenario and 

different case studies.  
 Section 6 states the main conclusions and key findings of this report. 
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 In Section 7 – Appendix I, an overview of the methodology followed for the calculation 
of the reference systems  energy consumption is presented. 

1.4 Contribution of partners 

The contribution of each partner in Task 5.2 is listed below. 

NTUA: Life Cycle Cost Analysis, deliverable drafting, and calculations for use phase of the 
reference systems. 

UDL: Reference systems definition, verification of questionnaire and inventory 

STRESS: Revision of the questionnaire and inventory. 

RINA: Revision of the questionnaire and inventory. 

EURAC: Simulations to obtain operational data for the HYBUILD systems. 

ITAE: Cost data input. 

CSEM: Cost data input. 

AKG: Cost data input. 

FAHR: Cost data input. 

OCHS: Cost data input. 

FRES: Cost data input. 

PINK: Cost data input. 

2 METHODOLOGY 

2.1 Life Cycle Cost Assessment (LCCA) 

Life Cycle Cost Assessment (LCCA) has the aim to assess the costs of a product over its entire life 
cycle, including the acquisition, operating, maintenance, and disposal costs [1]. Since its first 
emergence in the 1930’s, LCCA has been applied in many different cases worldwide, and is now 
a commonly used approach for example in the procurement of long-living goods, in many 
industrial sectors. Often, sectors or also larger companies have developed a specific LCCA 
approach, with specific cost categories, and cost aggregation rules for example [2]. 
Fundamentally, LCCA is a tool to support decision making, in case the decision requires 
assessment of the current and future costs and revenues.  

LCCA can also be integrated with Life Cycle Assessment (LCA), which is a methodology for 
assessing the environmental aspects associated with the development of a product, and the 
potential environmental impacts, considering the entire life cycle of the product [3]. Thus, as in 
this study, the LCCA is carried out in a similar procedure as the LCA, including the four main 
stages of the latter. More specifically, these stages include: (i) the goal and scope definition, (ii) 
the inventory analysis, (iii) the calculation of the life cycle cost and (iv) the interpretation of the 
results. In this way, all relevant costs (initial-purchase costs, operating and end-of-life costs) are 
considered.  

It should be mentioned that the simplification of the LCCA can be achieved by calculating the 
total life cycle cost for a baseline concept. Comparisons with alternatives can then be made by 
identifying the differences in equipment acquisition and operational costs, calculating the 
associated difference in the life cycle cost. The most cost-effective alternative is the one with 
the lowest total life-cycle cost. 
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2.2 Economic Indicators 

The common economic measure used in LCCΑ, as in the current study, is the Life Cycle Cost (LCC) 
index, although other indicators are available [4]. The LCC is calculated as the sum of a stream 
of costs occurring over a time period, which are converted to equivalent present values using 
the following equation: 

𝐿𝐶𝐶 =
𝐶

(1 + 𝑑)
 

where, 

Cn is the cost in year n 

d is the expected discount rate per annum 

n is the number of years between the base date and the occurrence date of the cost 

p is the period of the analysis  

More specifically, in case only costs are considered, the LCC can alternatively be referred to as 
net present cost (NPC). 

The LCC can alternatively be expressed as follows [5, 6]: 

𝐿𝐶𝐶 =  𝐶 + 𝐶 + 𝐶 + 𝐶  

where, 

Cin, Cop, Crep, CEOL are the net present values of the initial investment and total operation, 
replacement and end-of-life costs of all the components. 

2.3 Parameters used in calculations 

The nominal discount rate used in the study is equal to 5% [5, 7]. 

Regarding the installation costs, it was assumed that they account for 5% of the total equipment 
acquisition costs, both for the HYBUILD solutions and the reference systems. For the energy 
prices (electricity and natural gas), the values given in reports of EU are used for reference [8, 
9]. The latter, correspond to final client costs, namely the prices that the end-user pays for 
purchasing natural gas and electricity. The end-of-life costs of the reference systems were taken 
as a percentage (2.5%) of the respective acquisition costs, while different replacement costs 
were considered for each component according to the literature [10, 11]. Finally, the lifespan of 
the systems, thus the period of the analysis was equal to 30 years, in accordance with the LCA 
study of D5.1. The values of all aforementioned parameters are summarized in Table 1. 
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Table 1. Economic parameters used in calculations 

Parameter Value Unit of 
measure 

Reference 

Discount rate 5 % - 

Lifespan of the systems 30 years D5.1 

Installation costs as % of acquisition costs 5 % - 

Replacement costs as % acquisition costs (ref. 
systems) 

varies 
based on 

component 
% 

[10] 

End of Life (EoL) costs as % of acquisition costs 2.5 % [5] 

Electricity price for MED system (Greece) 0.1680 €/kWhe [8] 

Natural gas price for MED system (Greece) 0.0449  €/kWhfuel [9] 

Electricity price for CON system (Germany) 0.3193 €/kWhe [8] 

 

3 DESCRIPTION OF THE REFERENCE SYSTEMS 

3.1 Introduction 

As stated previously, the LCCA is carried out by comparing the HYBUILD systems with two 
respective reference systems. The reference systems were defined to represent a high 
technological level to provide a fair comparison with the HYBUILD solutions. The sizing of the 
reference systems was based on the energy demand of the two reference buildings for the 
Mediterranean and the Continental climates, respectively. The reference buildings were defined 
during the activities of Task 1.1 (Specific climate considerations and Building typological 
classification) and more details can be found in D1.1. In short, the Mediterranean reference 
building is a single-family house (SFH) in Athens, Greece which consists of two floors, each having 
a living surface area of 50 m2. The Continental reference is a multi-family house (MFH) in 
Stuttgart, Germany. The building has a total of five floors, with two dwellings per floor, each 
having a living surface area of 50 m2.  

The description and details of the reference systems are presented in the following subsections. 

3.2 Mediterranean reference system 

A schematic of the Mediterranean reference system is shown in Figure 1. The system consists of 
a solar thermal flat plate collector field, connected to a domestic hot water (DHW) storage tank, 
as well as a storage tank for heating supply. A gas boiler is used as a backup for covering DHW 
and space heating demand. For covering the cooling demand, a chiller coupled with a dry cooler 
for heat rejection is being utilized. The chiller is primarily powered by PV panels equipped with 
a battery. When the PV electricity and stored electrical energy in the battery are not sufficient, 
the chiller is powered by the grid.  



  Deliverable D5.3 

10 

 
Figure 1. Schematic diagram for the Mediterranean reference system 

 

The sizing of the main components of the Mediterranean reference system is shown in Table 2. 

Table 2. Sizing of the main components of the Mediterranean reference system 

Component Variable Value Unit of 
measure 

Chiller Nominal power 10 kW 

Dry cooler Nominal power 10 kW 

Solar thermal collectors Surface area 65 m2 

Natural gas boiler Nominal power 25 kW 

DHW tank Storage capacity 120 L 

Heating loop tank Storage capacity 800 L 

PV panels Surface area 15 m2 

Electric battery Storage capacity 5.5 kWh 

 

3.3 Continental reference system 

The Continental reference system consists of a reversible air-water heat pump, used for 
providing both heat to a storage tank for DHW, through a heat exchanger, and covering the 
heating demand of the building. An electric heater inside the DHW tank is used as an auxiliary 
in this case, for DHW production. The heat pump is also used in cooling mode during the summer 
period to satisfy the cooling demand. A schematic representation of the system is depicted in 
Figure 2. 
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Figure 2. Schematic diagram for the Continental reference system 

 

The sizing of the main components of the Continental reference system is shown in Table 3. 

Table 3. Sizing of the main components of the Continental reference system 

Component Variable Value Unit of 
measure 

Heat pump (reversible) Nominal power 35 kW 

DHW tank Storage capacity 420 L 

PV panels Surface area 80 m2 

Electric battery Storage capacity 17.5 kWh 

At this point, before continuing with the application of the methodology and the results, the 
general characteristics and details of the HYBUILD solutions are presented in Table 4 and Table 
5, for completeness, as already presented in D5.1. More details regarding the general concept 
of both HYBUILD systems can be found in previously submitted deliverables, especially in 
deliverable D4.2. 
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Table 4. Sizing of the main components of the Mediterranean HYBUILD system 

Component Variable Value Unit 

Fresnel solar collectors Surface area 60 m2 

PV panels Surface area 20 m2 

Heat pump Nominal cooling power 13.2 kW 

Sensible heat storage (buffer tank) Storage capacity 800 L 

DHW tank Storage capacity 250 L 

Latent heat thermal energy storage Cooling storage capacity 12 kWh 

Electrical storage (battery) Electrical storage capacity 7.3 kWh 

Table 5. Sizing of the main components of the continental HYBUILD system 

Component Variable Value Unit 

PV panels Surface area 80 m2 

Heat pump Nominal heating power 30 kW 

Sensible heat storage (Pink enerboxx®) Storage capacity 140 L 

Latent heat thermal energy storage Amount of PCM 80 kg 

Electrical storage (battery) Electrical storage capacity 15 kWh 

 

4 METHODOLOGY APPLIED FOR THE LCCA 

4.1 Overall approach 

The same lifespan and functional unit (m2) were used for all the analysed systems, also in 
accordance with the LCA study. Furthermore, the replacement of components with a lifespan 
shorter than 30 years was considered, considering all the associated costs (acquisition, 
installation, and end-of-life costs) occurring at the start of the year after the component’s 
lifetime. A schematic of this approach is presented in Figure 3, as already presented in D5.1.  

 

 
Figure 3. Schematic of the LCA and LCC approach 
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4.2 Life cycle inventory – Data for LCCA 

As already mentioned in the introduction section, the cost data for the HYBUILD systems were 
mainly provided by the respective partners of the project responsible for the different 
components. It is noted that the data were adapted and modified in agreement with the 
partners to represent as much as possible the cost of the final commercial HYBUILD solutions. 
The inventory of the HYBUILD systems was defined in Deliverable D5.1 Life Cycle Assessment of 
the HYBUILD system and also presented in relevant scientific publications [12, 13]. 

4.2.1 Equipment acquisition and installation costs 

The equipment acquisition and installation costs for the components of the Mediterranean and 
Continental HYBUILD systems, as can be found in the final versions of the questionnaires 
(Technology-Payback-Analysis-Mediterranean-System_FINAL_v7 and Technology-Payback-
Analysis-Continental-System_FINAL_v7), are presented in Table 6 and  Table 7. Regarding the 
electric controllers and DC bus for both ΗYBUILD systems, the associated costs were 
approximated considering commercially available components from the Ferroamp Products 
company [14], as suggested by CSEM, aiming at representing the final production costs. For the 
Mediterranean HYBUILD system, the commercial components SSO 8 and EnergyHub Wall 14 kW 
were considered, corresponding to a total cost of approximately 3000€, while for the 
Continental system, two SSO 8, one EnergyHub XL 24U cabinet (inc. XL-28) and one EnergyHub 
XL 28 kW - expansion in cabinet were considered, which have a total cost of approximately 
9000€. 
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Table 6. Equipment acquisition and installation costs for the Mediterranean HYBUILD system 

Module Technical 
provider 

Equipment 
acquisition cost (€) 

Installation 
cost (€) 

Solar field of Fresnel collectors FRESNEX 12,000 

Sensible heat storage (buffer tank) PINK 3,880 194 

Sorption storage + dry cooler FAHR 31,980 1,599 

Compression DC-driven chiller DAIKIN 10,000 500 

Low temperature latent heat thermal 
energy storage (RPW-HEX) AKG 14,000 700 

Controllers and DC bus CSEM, ENG 9,750 488 

Electric battery ITAE 10,041 502 

PV panels - 2,100 105 

TOTAL Acquisition cost  93,751 4,088 

TOTAL   97,838 

 
Table 7. Equipment acquisition and installation costs for the Continental HYBUILD system 

Module Technical 
provider 

Equipment 
acquisition cost (€) 

Installation 
cost (€) 

Compression DC-driven heat pump OCHNER 25,550 1,278  

Sensible heat storage (enerboxx) PINK 36,300  1,815  

Controllers and DC bus CSEM, ENG 15,750  788  

Electric battery  ITAE 16,250  813  

High-temperature latent heat thermal 
energy storage (RPW-HEX) AKG 8,494  425  

PV panels - 8,400  420  

TOTAL Acquisition cost  110,745 5,537 

TOTAL  116,282 

The respective costs for the reference systems derived mainly from already available market 
solutions for the components they include and are summarized in Table 8 and Table 9.  
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 Table 8. Equipment acquisition and installation costs for the Mediterranean reference system 

Module Equipment 
acquisition cost (€) 

Installation cost 
(€) 

Compression chiller  4,400   220  

Dry cooler  2,000   100  

Solar field of flat plate collectors  8,450    423  

Natural gas boiler  2,000   100  

DHW storage tank  350   100  

Heating supply storage tank  2,400   120  

PV panels  1,575   100 

Electric battery  8,590   430  

TOTAL Acquisition cost 29,765 1,488 

TOTAL 31,253 

 
Table 9. Equipment acquisition and installation costs for the Continental reference system 

Module Equipment 
acquisition cost (€) 

Installation cost 
(€) 

Heat pump  12,000   600  

DHW storage tank  720   100  

PV panels  8,400   420  

Electric battery  18,270   914  

TOTAL Acquisition cost 39,390 1,970 

TOTAL 41,360 

As mentioned above, the installation cost was assumed to be equal to 5% of the equipment 
acquisition cost, both for the HYBUILD and the reference systems. This was considered to be a 
reasonable value, taking into account the parallel installation of the different components, and 
the variations in the original data provided by the partners. The values in the above tables refer 
to the installation costs of single components where a minimum value of 100€ was considered 
in case the 5% assumption results in an unrealistically low value. The installation costs of 
individual components shown in the tables were used for the replacement of components with 
a lower lifespan that the lifespan of the overall evaluation (i.e. replacement of the storage tank 
at the start of 11th year). 

Moreover, since the PV panels are not provided by a respective partner of the project, a market 
value was used, and the cost was taken equal to 700 €/kWp or 105 €/m2 of PV panel area [15]. 

4.2.2 Operational and replacement costs 

The energy consumption of the HYBUILD and reference systems, as calculated based on the 
heating, cooling, and DHW demand of the reference buildings, is presented in Table 10. 
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Table 10. Annual heating, cooling and DHW demand of the reference buildings 

Climate 
Energy consumption (kWh/year) 

DHW Heating  Cooling 

Mediterranean 2,295 7,138 8,354 

Continental 19,699 25,069 2,661 

The annual energy consumption of the HYBUILD systems was calculated via simulations by 
EURAC, within WP4 activities, based on the energy demand of the Mediterranean and 
Continental climate reference building, respectively. The values, already presented in D5.1, are 
shown in Table 11 and Table 12 for completeness. 
Table 11. Annual electrical energy consumption of the Mediterranean HYBUILD system 

Component Energy consumption (kWh/year) 

Heat pump 1,564 

Dry cooler 215 

Adsorption 80 

DHW electric heater 552 

Circulation pumps 355 

TOTAL 2,766 
 
Table 12. Annual electrical energy consumption of the Continental HYBUILD system 

Component Energy consumption (kWh/year) 

Heat pump 6,374 

enerboxx electric heater 3,654 

Fan coil 658 

Circulation pumps 392 

TOTAL 11,078 

The annual energy consumption of the reference systems was calculated by NTUA following a 
simplified approach, which is described in more detail in the APPENDIX of the deliverable. The 
results are summarized in Table 13 and Table 14. 
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Table 13. Annual energy consumption of the Mediterranean reference system (base case) 

Component Energy consumption (kWh/year) 

Natural gas boiler 4,366(gas) 

Compression chiller 687 (el.) 

Circulation pump: solar collectors circuit 290 (el.) 

Circulation pump: heating circuit 54 (el.) 

Dry cooler 348 (el.) 

TOTAL gas 4,366 (gas) 

TOTAL electricity 1,379 (el.) 

 
Table 14. Annual energy consumption of the Continental reference system (base case) 

Component Energy consumption (kWh/year) 

Heat pump 8,863 (el.) 

Electric DHW heater 2,704 (el.) 

Circulation pump: DHW 30 (el.) 

Circulation pump: heating and cooling 405 (el.) 

Fan coils 658 (el.) 

TOTAL electricity  12,660 (el.) 

The replacement costs (namely the annual cost of replacement of spare parts, etc.) of the 
different subcomponents of the HYBUILD Mediterranean and Continental systems were 
provided by the respective industrial partners. The respective values for the replacement costs 
for the reference systems are taken from literature, assuming that they correspond to 50% of 
the maintenance cost of each component [10]. For the PVs of both HYBUILD and reference 
systems, a replacement cost equal to 1% (half of the total 2%) is taken into account, based on 
literature [11]. The results (energy consumption and replacement costs) are summarized in the 
following tables.  

The operational costs of the systems were calculated considering the electricity and natural gas 
prices which were presented in Table 1. The operational and replacement costs of the MED and 
CON HYBUILD systems are shown in Table 15 and Table 16. The operational and replacement 
costs of the Mediterranean and Continental reference systems are shown in Table 17 and Table 
18. 
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Table 15. Operational and replacement costs for the Mediterranean HYBUILD system 

Module Technical 
provider 

Replacement 
cost (€/year) 

Operational 
cost (€/year) 

Solar field of Fresnel collectors FRESNEX -  

465 

Sensible heat storage (buffer tank) PINK 35  

Sorption storage + dry cooler FAHR 202 

Compression DC-driven chiller DAIKIN 200 

Low-temperature latent heat thermal 
energy storage (RPW-HEX) AKG -  

Controllers and DC bus CSEM, ENG -  

Electric battery ITAE -  

PV panels - 21  

TOTAL   923 

 
Table 16. Operational and replacement costs for the Continental HYBUILD system 

Module Technical 
provider 

Replacement 
cost (€/year) 

Operational 
cost (€/year) 

Compression DC-driven heat pump OCHNER 400 

3,537 

Sensible heat storage (enerboxx) PINK 30  

Controllers and DC bus CSEM, ENG -   

Electric battery  ITAE -  

High temperature latent heat thermal 
energy storage (RPW-HEX) AKG -  

PV panels - 84 

TOTAL  4051 
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Table 17. Operational and replacement costs for the Mediterranean reference system 

Module Replacement cost (€/year) Operational cost (€/year) 

Chiller 88 

428 

Dry cooler 20 

Solar thermal collectors 21 

Natural gas boiler 20 

DHW tank 2 

Heating loop tank 12 

PV panels 16 

Electric battery -  

PV inverters -  

TOTAL  607 

 
Table 18. Operational and replacement costs for the Continental reference system 

Module Replacement cost (€/year) Operational cost (€/year) 

Heat pump 240 

4,042 

DHW tank 4 

PV panels 84 

Electric battery -  

PV inverters -  

TOTAL  4,370 

It can be observed that, owing to their significantly lower energy consumption, both the 
Mediterranean and Continental HYBUILD systems have overall lower operational costs than the 
respective reference systems, by about 26% and 44%, respectively. The significantly lower 
operational cost of the Continental HYBUILD system is because of the far higher space heating 
and DHW demand of the Continental building compared to the Mediterranean building, which 
result in much higher savings due to the highly efficient HYBUILD solutions.  

4.2.3 End-of-life costs 

In accordance with the previous sub-sections, the end-of-life costs, associated with the 
dismantling and disposal of the systems, were considered for the HYBUILD (Table 19 and  

Table 20) and reference systems (Table 21 and Table 22), equal to 2.5% of the equipment 
acquisition costs [5], while a minimum of 100 € was taken into account for single components. 
The values in the following tables refer to the costs of the single components, while the total 
value refers to the end-of-life cost as a single value for the whole system at the end of its 30-
year lifespan. When a component reaches its end of life, the dismantling and disposal costs 
occur. Furthermore, it is repurchased, and thus its acquisition and installation costs reoccur. 
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Table 19. End-of-life costs for the Mediterranean HYBUILD system 

Module Technical 
provider 

Dismantling and 
disposal cost (€) 

Lifespan       
(years) 

Solar field of Fresnel collectors FRESNEX 300 25 

Sensible heat storage (buffer tank) PINK 100 45 

Sorption storage + dry cooler FAHR 800 15 

Compression DC-driven chiller DAIKIN 250 20 

Low-temperature latent heat thermal 
energy storage (RPW-HEX) AKG 350 20 

Controllers and DC bus CSEM, ENG 244 20 

Electric battery ITAE 251 40 

PV panels - 100 25 

TOTAL   2,391 - 
 
Table 20. End-of-life costs for the Continental HYBUILD system 

Module Technical 
provider 

Dismantling and 
disposal cost (€) 

Lifespan       
(years) 

Compression DC-driven heat pump OCHNER  639 20 

Sensible heat storage (enerboxx) PINK  908 45 

Controllers and DC bus CSEM, ENG  394 20 

Electric battery  ITAE  406 40 

High temperature latent heat thermal 
energy storage (RPW-HEX) AKG  212 20 

PV panels -  210 25 

TOTAL  2,769  
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Table 21. End-of-life costs for the Mediterranean reference system 

Module Dismantling and disposal 
cost (€) 

Lifespan (years) 

Chiller 110 20 

Dry cooler 100 20 

Solar thermal collectors 211 25 

Natural gas boiler 100 20 

DHW tank 100 10 

Heating loop tank 100 10 

PV panels 100 25 

Electric battery 215 40 

TOTAL  744  

 
Table 22. End-of-life costs for the Continental reference system 

Module Dismantling and disposal cost (€) Lifespan (years) 

Heat Pump  300 20 

DHW tank  100 10 

PV panels  210 25 

Electric battery  457 40 

TOTAL  985  

 
5 RESULTS 

5.1 Base case scenarios 

In this section, the results are presented for a base case scenarios, for which no heat losses in 
the heating and cooling distribution network are assumed. 

For each solution, the results are presented in terms of LCC as an absolute value/cost, while also 
reduced per functional unit of m2 of living floor. 

5.1.1 Mediterranean system 

The results for the Mediterranean climate case are shown in Figure 4 and Figure 5. As can be 
seen from the diagrams, the HYBUILD solution results in a total Life Cycle Cost of 145,444 € 
during the 30 years of the analysis. This includes all the costs that incur in this period, namely 
initial acquisition and installation costs, operational and end-of-life costs, also for the necessary 
replacement of components. The respective value for the reference system is equal to          
50,133 €, indicating that the HYBUILD system performs worse, and it is not an economically 
viable solution. This is due to the higher acquisition cost of the HYBUILD system, as it includes 
far less commercially mature technologies. 

Figure 5 shows the LCC per square meter of living floor area of the systems, where the HYBUILD 
solution corresponds to 1,454 €/m2, while the respective value for the reference system is much 
lower and equal to 501 €/m2 of floor area. 
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Figure 4. Life Cycle Cost (€) for the Mediterranean climate systems (during the 30-year lifespan of the 

systems) 

 
Figure 5. Life Cycle Cost per m2 of living floor area (€/m2) for the Mediterranean climate systems 

(during the 30-year lifespan of the systems) 

5.1.2 Continental system 

Figure 6 and Figure 7 show the results for the Continental climate case. The total Life Cycle Cost 
for the Continental HYBUILD system is equal to 197,380 €, while the reference system results in 
a total cost of 116,730 €. Considering the floor area of the continental reference building (500 
m2) the respective values are 395 €/m2 of living floor area for the HYBUILD solution and 233 
€/m2 for the reference system. These values are also significantly lower than the respective 
Mediterranean solution, specifically for the HYBUILD solution.  

As for the Mediterranean climate case, the HYBUILD solution results in higher total cost, making 
the solution unattractive from an economic point of view. However, compared to the 
Mediterranean systems, the difference in the LCC between the two solutions is significantly 
lower, approximately equal to 80,000 € or 160 € per m2.  
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These results suggest that the Continental HYBUILD solution is far more appealing. This is 
because of the significantly increased savings in the operational cost of the system, as explained 
in the previous section of the deliverable.  

 
Figure 6. Life Cycle Cost (€) for the Continental climate systems (during the 30-year lifespan of the 

systems) 

 

 
Figure 7. Life Cycle Cost per m2 of living floor area (€/m2) for the Continental climate systems (during 

the 30-year lifespan of the systems) 
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5.2 Case studies 

5.2.1 Introduction 

For the base case calculations presented in the previous sections, the energy consumption of 
the reference systems was calculated without considering various types of thermal losses. It was 
hence considered purposeful to conduct a sensitivity analysis to determine the impact of these 
losses on the economic performance of the system. In addition, the influence of potential 
reduction in the equipment acquisition (and the installation) costs of the HYBUILD solutions, in 
the direction of assessing the potential for the final fully commercialized system, was 
investigated. Lastly, the impact of the variation on energy prices for the base case scenarios, was 
investigated, given the high uncertainty of the energy market. 

To investigate the influence of the losses of the heating, cooling, and DHW distribution networks 
of the reference systems, increased demand (relative to the base case demand) by 25%-25%-
75% and 50%-50%-125%, respectively, was considered. Regarding the acquisition cost of the 
HYBUILD solutions, two scenarios of reduced acquisition costs (relative to the base case costs) 
by 25% and 50% were examined. Regarding energy prices, the increase/decrease for the 
electricity and natural gas prices by 100% and 50% respectively was considered. Additionally, for 
the Mediterranean climate, the case of the increase of the natural gas price by 100% with no 
respective change for the electricity price was considered. 

5.2.2 Results for the Mediterranean climate 

Table 23 shows the energy consumption of the reference systems corresponding to the 
increased distribution network losses scenarios. The acquisition and installation HYBUILD 
system costs corresponding to the scenarios regarding reduced acquisition costs are shown in 
Table 24. Regarding the cost reduction scenarios, the acquisition cost of the photovoltaic panels 
was not included in the calculations, since it is a common component for both the HYBUILD and 
the reference system solutions. Furthermore, all other costs (except for the acquisition and 
installation costs), were considered to remain the same as in the base case scenario. Finally, the 
investigated energy prices are summarized in Table 25. 

 
Table 23. Annual energy consumption of the Mediterranean reference system for the different 
distribution network losses scenarios 

Distribution network 

Increase in demand (%) 

Scenario 1 
(base case) 

E1 

Scenario 2 

E2 

Scenario 3 

E3 

Heating  0  25 50 

Cooling 0 25 50 

DHW 0 75 125 

TOTAL gas consumption 
(kWh/year) 4,366 7,168 9,937 

TOTAL electricity consumption 
(kWh/year) 1,379 1,831 2,328 
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Table 24. Acquisition and installation costs for the Mediterranean reference system for the different 
cost reduction scenarios 

Mediterranean HYBUILD system 

Cost reduction (%) 

Scenario 1 
(base case) 

C1 

Scenario 2 

C2 

Scenario 3 

C3 

Cost reduction (%) 0 25 50 

Acquisition cost (€) 93,751 70,838 47,925 

Installation cost (€) 4,088 3,092 2,096 

TOTAL (€) 97,838 73,930 50,022 

 
Table 25. Energy prices for the Mediterranean climate for the different scenarios  

Energy prices 

Change in energy price (%) 

Scenario 1 
(base case) 

P1 

Scenario 2  

P2 

Scenario 3 

P3 

Scenario 4 

P4 

Natural gas (%) 0 +100 -50 +100 

Electricity (%) 0 +100 -50 0 

Natural gas price 
(€/kWh) 0.0449 0.0898 0.0225 0.0898 

Electricity price 
(€/kWh) 0.1680 0.3360 0.0840 0.1680 

 

The results of the investigated scenarios are presented in Table 26, Table 27, Figure 8 and Figure 
9. As can be seen from the results, the Mediterranean HYBUILD system has a higher LCC than 
the reference system in all examined cases. Even a reduction of its acquisition cost by 50% 
combined with increased thermal losses of the reference system do not result in the HYBUILD 
system being cost-competitive. This is due to its high complexity and respective high cost, which 
cannot be compensated by its lower energy consumption. At this point, it has to be stated, that 
the reference system is favoured due to the low natural gas price considered in the calculations, 
which results in the system's economic performance not being highly affected by variations of 
energy consumption. Moreover, as can be seen in Table 27, the considered fluctuations of 
energy prices do not highly affect the economic performance of the systems and bear no 
significant influence on the viability of the HYBUILD solution. A possible long-term increase in 
the natural gas prices without an analogous increase in the electricity prices will favour the 
HYBUILD solution but is not sufficient alone for making it competitive against the reference 
system.  
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Table 26. LCC for the different case studies for the Mediterranean system 

Cost reduction scenarios 

Life Cycle Cost (€) / LCC per m2 (€/m2) 

Scenario C1  

(base case) 
Scenario C2 Scenario C3 

Mediterranean HYBUILD system 145,444/1,454 114,501/1,145 82,724/827 

Distribution network scenarios Scenario E1 
(base case) Scenario E2 Scenario E3 

Mediterranean reference system 50,133/501 53,452/535 56,429/564 

 
Table 27. LCC for the different energy prices case studies for the Mediterranean system 

Energy prices 
scenarios 

Life Cycle Cost (€) / LCC per m2 (€/m2) 

Scenario 1  

(base case) 

P1 

Scenario 2  

P2 

Scenario 3 

P3 

Scenario 4 

P4 

Mediterranean 
HYBUILD system 145,444/1,454 152,588/1,526 141,873/1,419 145,444/1,454 

Mediterranean 
reference 
system 

50,133/501 56,708/567 46,845/468 53,146/531 

 

 

 
Figure 8. Life Cycle Cost (€) for the different case studies. Mediterranean system  
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Figure 9. Life Cycle Cost per m2 of living floor area (€/m2) for the different case studies. Mediterranean 

system 

5.2.3 Results for the Continental climate 

The energy consumption of the Continental reference system for the examined distribution 
network thermal losses scenarios is summarized in Table 28. Furthermore, Table 29 shows the 
different cost scenarios for the HYBUILD solution, while Table 30 shows the different energy 
prices scenarios.  

Table 28. Annual energy consumption of the Continental reference system for the different 
distribution network losses scenarios 

Distribution network 

Increase in demand (%) 

Scenario 1  

(base case) 

E1 

Scenario 2 

E2 

Scenario 3 

E3 

Heating  0 25  50 

Cooling 0 25 50 

DHW 0 75 125 

TOTAL electricity consumption 
(kWh/year) 12,660 19,789 25,591 

 



  Deliverable D5.3 

28 

Table 29. Acquisition and installation costs for the Continental reference system for the different cost 
reduction scenarios 

Continental HYBUILD system 

Cost reduction (%) 

Scenario 1  

(base case) 

C1 

Scenario 2 

C2 

Scenario 3 

C3 

Cost reduction (%) 0 25 50 

Acquisition cost (€) 110,745 85,159 59,572 

Installation cost (€) 5,537 4,258 2,979 

TOTAL (€) 116,282 89,417 62,551 
 
Table 30. Energy prices for the Continental climate for the different scenarios  

Energy prices 

Change in energy price (%) 

Scenario 1 

(base case) 

P1 

Scenario 2 

P2 

Scenario 3 

P3 

Electricity (%) 0 +100 -50 

Electricity price (€/kWh) 0 0.6386 0.1597 
 

The results for the Continental climate are presented in Table 31, Table 32, Figure 10 and Figure 
11.  

Table 31. LCC for the different case studies for the Continental system 

Cost 
reduction 
scenarios 

Life Cycle Cost (€)/LCC per m2 (€/m2) 

Scenario C1 (base case) Scenario C2 Scenario C3 

Continental 
HYBUILD 
system 

197,380/395 166,618/333 143,649/287 

Distribution 
network 
scenarios 

Scenario E1 (base case) Scenario E2 Scenario E3 

Continental 
Reference 
system 

116,730/233 151,723/303 180,202/360 
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Table 32. LCC for the different energy prices case studies for the Continental system 

Energy prices scenarios 

Life Cycle Cost (€) / LCC per m2 (€/m2) 

Scenario 1 

 (base case) 

P1 

Scenario 2  

P2 

Scenario 3 

P3 

Continental HYBUILD 
system 197,380/395 251,756/504 166,348/333 

Continental reference 
system 116,730/233 178,871/358 85,660/171 

As can be seen from the results, the Continental HYBUILD system has a higher LCC than the 
reference system only in the base case scenario. When a reduction in the acquisition cost of the 
HYBUILD solution is considered, or when higher distribution network losses are assumed for the 
reference system, the HYBUILD system is more cost-effective, having a lower LCC. More 
specifically, when considering a 50% reduction in the acquisition cost for the HYBUILD system 
(scenario C3) and the worst-case scenario regarding the losses for the reference system 
(scenario E3), a difference of 73 €/m2 or 20.3% reduction is achieved. Finally, considering the 
change in the energy prices, a higher dependence and variability of the LCC for the systems is 
observed in comparison to the MED systems, given the increased energy consumption for the 
CON climate. However, the reference system still performs better in all cases (regarding the base 
case scenario).  

The HYBUILD system is also favoured by an increase in the price of electricity since it requires 
significantly lower energy (from the grid) for its operation. 

 
Figure 10. Life Cycle Cost (€) for the different case studies. Continental climate  
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Figure 11. Life Cycle Cost per m2 of living floor area (€/m2) for the different case studies. Continental 

climate 

The above results indicate that a commercialized HYBUILD system featuring low acquisition cost 
can be a highly cost-competitive solution for the Continental MFH building, especially if the 
increased heating losses of the DHW tank and distribution network of the reference system are 
considered.  

5.2.4 Economically favorable scenarios combinations 

Under the current (as of 2022) situation regarding the uncertainty of the evolution of natural 
gas and electrical energy prices, it is difficult to meaningfully predict which scenarios among 
those presented in the previous subsections are most likely or realistic. However, it is still 
possible to outline some best-case scenarios involving combinations of several parameters 
under which the HYBUILD solutions would be most favorable compared to the reference systems 
in the Mediterranean and Continental climates. These are summarized in the following bullet 
points: 

 Minimized acquisition cost of HYBUILD solutions (C3) 
 High natural gas price and low electricity price in the Mediterranean climate (P4) 
 High electricity prices in the Continental climate (P2) 
 High distribution losses (E3) 

The assumptions are shown in Table 33 and Table 34. 
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Table 33. Most favorable scenario parameters for the Mediterranean HYBUILD system 

Mediterranean climate 

Reference system distribution 
network losses  

Increase in demand (%) 

Heating Cooling DHW 

50 50 125 

HYBUILD system cost 
Cost reduction 

(%) 
Total Cost (€) 

50 50,022 

Energy prices 

 Change in 
energy price (%) Price (€/kWh) 

Natural gas +100 0.0898 

Electricity -50 0.0840 

 
Table 34. Most favorable scenario parameters for the Continental HYBUILD system 

Continental climate 

Reference system distribution 
network losses  

Increase in demand (%) 

Heating Cooling DHW 

50 50 125 

HYBUILD system cost 
Cost reduction 

(%) 
Total Cost (€) 

50 62,551 

Energy prices 
 Change in 

energy price (%) Price (€/kWh) 

Electricity -50 0.1597 

The respective LCC under these assumptions are shown in Table 35. It can be observed that even 
under the most favorable assumptions, the Mediterranean HYBUILD system has higher LCC than 
the reference system. However, the Continental HYBUILD system has substantially lower LCC 
than the reference system. 

 
Table 35. LCC for the HYBUILD systems favorable scenarios 

Life Cycle Cost (€)/LCC per m2 (€/m2) 

Mediterranean HYBUILD system Mediterranean Reference system 

79,152/792 60,282/603 

Continental HYBUILD system Continental Reference system 

198,025/396 305,815/612 
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6 CONCLUSIONS 
In the present deliverable, the cost-effectiveness of the HYBUILD systems was evaluated for two 
reference buildings, an SFH building located in Athens and an MFH building in Stuttgart, which 
are representative of Mediterranean and Continental building typologies and climate 
characteristics. The cost-effectiveness was evaluated through a life cycle cost assessment by 
comparing the HYBUILD systems with two technologically advanced but commercially 
mainstream reference systems.  

Although the HYBUILD Mediterranean system results in substantial energy savings compared to 
the reference system, these are not sufficiently high to make it cost-competitive against it. This 
is because of the disproportionately high acquisition cost of HYBUILD, due to the low commercial 
maturity of the involved components. Ultimately, under the base case evaluation scenario, the 
LCC of the HYBUILD Mediterranean system was estimated equal to 145,444 €, corresponding to 
a specific cost of 1,454 €/m2, while the respective cost of the reference system was found to be 
equal to 50,133 €, corresponding to a specific cost of 501 €/m2. Assuming a 50% reduction in the 
acquisition cost of the HYBUILD system (scenario C3), its LCC dropped to 82,724 € (827 €/m2), 
which was still higher than the LCC of the reference system, which was 56,426 € (564 €/m2) even 
considering high thermal losses in the DHW and distribution network (scenario E3).  

On the other hand, the HYBUILD Continental system was far more cost-effective. Nevertheless, 
under the base case assumptions, the LCC of the HYBUILD Continental system was equal to 
197,380€, corresponding to a specific cost of 395 €/m2, while the LCC of the reference system 
was equal to 116,730 € (233 €/m2). Notably, if an acquisition cost reduction by 25% is assumed 
for the HYBUILD system, it becomes more cost-effective than the reference system if increased 
distribution network thermal losses are considered. The cost-effectiveness of the HYBUILD 
Continental system against the reference system is significantly improved if a further acquisition 
cost reduction by 50% is assumed, which leads to an LCC of 143,649 € (287 €/m2). Meanwhile, 
considering high thermal losses of the reference system, its LCC is substantially increased to 
180,202 € (360 €/m2). In this case, it becomes evident that the HYBUILD system is cost-
competitive against the reference system. 

Finally, an analysis was carried out assuming combinations of several favorable parameters that 
could make the HYBUILD systems more competitive. Even under the most favorable parameters, 
the Mediterranean system is not competitive to the reference system as it is associated with 
higher LCC (79,152 € vs 60,282€). On the other hand, the Continental system becomes 
significantly competitive to the respective reference system (198,025€ vs 305,815€).  

Overall, the LCCA that was carried out in this deliverable showcased the significant prospects of 
the HYBUILD Continental system as a cost-competitive solution against technologically advanced 
but mature mainstream solutions for application in MFH buildings, especially if 
commercialization of the technologies enables a reduction of their acquisition cost by about 
50%. On the other hand, the prospects of the HYBUILD Mediterranean solution considering the 
needs of an SFH building are relatively limited. This is because of the substantially low space 
heating and DHW demand of the considered building, which results in the annual energy savings 
achieved by the HYBUILD system not being sufficiently high to compensate for its high initial 
cost. 

 
  



  Deliverable D5.3 

33 

7 APPENDIX 

7.1 Reference systems’ modelling 

Hereby, the methodology used for the modelling and calculation of the energy consumption of 
the reference systems is presented. 

7.1.1 Mediterranean reference system 

The energy consumption of the Mediterranean reference system, namely the electricity 
consumption for the chiller and the dry cooler and the natural gas consumption for the gas 
boiler, was calculated as described below. 

Regarding the electricity consumption of the chiller, annual calculations were performed using 
an hourly timestep. More specifically, starting from the space heating (SH), space cooling (SC), 
and domestic hot water (DHW) consumption excel file “20210216_simulation 
_summary_SFH_only_ATH” provided by EURAC (available in owncloud), the cooling loads were 
calculated on an hourly basis. The cooling loads were converted to electricity demand using an 
average seasonal energy efficiency ratio (SEER = 3.8) of the chiller. 

The hourly PV production was also provided by EURAC in the respective excel file 
(“20210913_SFHAthens&sMFHStuttgartPVproduction”), and an energy balance between the 
electricity demand of the chiller, the PV production, and the battery of the system was solved. 
For the battery, an initial charge of 50% was assumed, while the minimum discharge limit was 
set to 10% of the battery capacity and the maximum charge limit was set to 90%. When the PV 
production and/or battery cannot cover the electricity demanded by the chiller, electricity 
provided from the grid is used. 

The electrical energy consumption of the dry cooler was estimated considering a ratio between 
the heat duty (i.e. heat rejected) of the dry cooler and its electrical power consumption equal to 
0.033 kWe/kWrej [16]. Considering the cooling load (Qc, equal to 8354 kWhc/year) and the EER of 
the chiller (equal to 3.8), the electrical consumption of the dry cooler is approximately equal to:  

[Qc+ Qc/EER]∙0.033 = [8354 + 8354/3.8]∙0.033 ≈ 348 kWhe/year. 

Regarding the natural gas consumption, the thermal demand for space heating and DHW was 
considered, assuming a natural gas boiler efficiency equal to 80%. 

The thermal production of the solar thermal collectors (Flat Plate Collectors - FPCs) was 
calculated, based on the irradiation data provided by EURAC (available in the excel file 
“20210920_climaticDataAthens”) on an hourly basis. For the calculation, the following equation 
was used, regarding the performance of the FPCs:  

𝜂 = 𝑐 − 𝑐
𝑇 − 𝑇

𝐼
− 𝑐

(𝑇 − 𝑇 )

𝐼
 

With 𝑇  being the average temperature of the fluid circulating in the collectors’ system, 𝑇  
the ambient temperature, and 𝐼  the received solar irradiance. 

The 𝑐 , 𝑐 , 𝑐  constants in the above equation are taken from a commercial model of flat plate 
collectors, namely the Vitosol 300-F SV3C [17], and are shown in the following table. 
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Constant Value 

𝒄𝟎 (-) 0.868 

𝒄𝟏 (𝑾/𝒎𝟐𝑲) 3.188 

𝒄𝟐 (𝑾/𝒎𝟐𝑲𝟐) 0.018 

 

For the calculation of the utilized energy from the FPCs, a utilization factor equal to 0.4 was 
considered, with respect to the above calculated production on a monthly basis. The remaining 
demand (per month) was considered to be covered by the natural gas boiler. 

7.1.2 Continental reference system 

For the calculation of the electricity consumption of the Continental reference system, a similar 
approach was followed as described above for the Mediterranean reference system. 

The thermal loads were calculated using the respective excel file provided by EURAC 
(“20210122_simulation_summary_sMFH _only_STU_new_HP_consumption”) for the SH&SC 
and DHW demand. The thermal demand was converted to electricity demand using the heat 
pump seasonal coefficient of performance (SCOP) according to the respective period of 
calculation (SCOP for DHW winter production = 3.0, SCOP for space heating = 2.8, SEER for space 
cooling = 3.8). 

The hourly PV production was, also in this case, provided by EURAC in the respective excel file 
(“20210913_SFHAthens&sMFHStuttgartPVproduction”), and an energy balance between the 
electricity demand of the chiller, the PV production, and the battery of the system was solved 
as described above. When a simultaneous demand for space cooling and DHW occurs, it is 
considered that this DHW demand is covered by the auxiliary electric heater (inside the DHW 
tank). When the PV production and/or battery cannot provide the necessary energy for the heat 
pump operation, electricity from the grid is utilized. 
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