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FOREWORD  

 

This report was drafted within Work Package 

ôWP06 ð Life cycle cost reduction of new nZEBô, 

part of the Horizon2020 - CRAVEzero project. 

Cost optimal and nearly zero-energy performance 

levels are principles initiated by the European Un-

ionõs (EU) Energy Performance of Buildings Di-

rective, which was recast in 2010. These will be 

significant drivers in the construction sector in the 

next few years because all new buildings in the EU 

from 2021 onwards have to be nearly zero-energy 

buildings (nZEBs); public buildings need to achieve 

the standard already by 2019. 

While nZEBs realised so far have clearly shown 

that the nearly zero-energy target can be achieved 

using existing technologies and practices, most 

experts agree that a broad-scale shift towards nearly 

zero-energy buildings requires significant adjust-

ments to current building market structures. Cost-

effective integration of efficient solution sets and 

renewable energy systems are the major challenges.  

CRAVEzero focuses on proven and new approach-

es to reduce the costs of nZEBs at all stages of the 

life cycle (see Figure 1). The primary goal is to iden-

tify and eliminate the extra costs for nZEBs related 

to processes, technologies, building operation and 

to promote innovative business models considering 

the cost-effectiveness for all stakeholders in the 

buildingõs life cycle. 

 
Figure 1: CRAVEzero approach for cost reductions in the life cycle of nZEBs. 
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EXECUTIVE SUMMARY  

Already today buildings can be realised in the nearly 

zero and plus energy standard. These buildings 

achieve extremely low energy demands and low 

CO2 emissions and can be operated economically. 

For this reason, the motivation in the CRAVEzero 

project is not only based on the energy characteris-

tics of buildings, but also on their life cycle costs. 

However, the broad market deployment of these 

buildings is progressing very slowly so far, as meth-

ods and processes for the cost-optimal integration 

of efficiency measures and renewable energies are 

not yet sufficiently described and therefore not yet 

familiar. As a consequence - many poorly planned 

buildings are criticised for the fact that the actual 

energy consumption of highly efficient buildings is 

higher than the predicted demand and that high-

efficiency standards are expensive and uneconomi-

cal. The influence of the user behaviour of such 

energy-efficient buildings is another aspect, which 

has to be considered to evaluate the impact on the 

energy consumption of the building. 

The identification of suitable methods for the ener-

getic-economic optimization of highly efficient 

buildings in all life cycle phases is a prerequisite for 

the broad market implementation.  

This method was developed earlier in the 

CRAVEzero project and documented in Delivera-

ble D6.1 òParametric models for buildings and 

building clusters: Building features and boundariesó. 

In this Deliverable D6.2, the method was applied to 

the five CRAVEzero case studies Aspern IQ, Aliza-

ri, Isola Nel Verde, Les Heliades and MORE to 

perform parametric calculations and to perform 

multi-objective energy and cost analysis over the 

life cycle of the buildings. 

In total, more than 230,000 variants were calculated 

and analysed, with the key performance indicators: 

financing costs, net present value, balanced primary 

energy demand and balanced CO2 emission. The 

calculation results can be found in this report as 

well as on the CRAVEzero pinboard: 

http://www.cravezero.eu/pinboard/PinboardMain

/PinboardMain.htm  

Furthermore, the goal of this Deliverable was the 

extension of the sensitivity analysis to all available 

CRAVEzero case studies, on the one hand aiming 

at identifying which input parameters affect the 

LCC the most and on the other hand aiming at 

providing this output as a range of values and not 

as a punctual one. In this way, the implications of 

uncertainty issues related to the assumptions on 

input parameters and boundary conditions can be 

highlighted.  

The third part of this Deliverable deals with the 

investigation of a renovation project and describes 

the steps from the energy audit to the implementa-

tion of energy efficiency improvements. 

 

The following points show an extract from the results and findings: 

¶ Even if the financing costs are very different from case study to case study (range between 

1,200 EUR/m² and about 3,500 EUR/m²), the divergence between the highest and lowest financ-

ing costs within the individual case studies is nearly the same in all case studies. It´s between 7 % 

and 16 %. 

¶ The same statement also applies to the results of the net present value calculations. The net present 

values range between 1,500 EUR/m² as the lowest value and more than 5,600 EUR/m² as the 

highest value. But within the different case studies, the divergence between the highest and the 

lowest net present value is about 13 % to 26 %. 

¶ Compared to the costs, the range between the highest and the lowest balanced primary energy de-

mand as well as between the highest and the lowest balanced CO2 emissions is much higher. For 

these key performance indicators, possible reductions between 30 % and 85 % are realistic. 

¶ The detailed analysis of the result shows that the most influencing factors (varied parameters) are 

the heating system, the ventilation system (especially influencing the financing costs and the net 

present value) as well as the user behaviour (influencing primary energy demand and CO2 emis-

sions).

http://www.cravezero.eu/pinboard/PinboardMain/PinboardMain.htm
http://www.cravezero.eu/pinboard/PinboardMain/PinboardMain.htm
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1.  INTRODUCTION  

1.1.  OBJECTIVE  

Possible cost saving potentials in planning and construction of high performing nearly zero-

energy buildings (nZEBs) with advanced energy standards are often not sufficiently assessed, 

as only a few, out of numerous possible variants of technology sets are considered in the tradi-

tional planning process. Often planning and analysis are not carried out in parallel, and the al-

ternative technical options are discarded at an early stage. If, on the other hand, possible vari-

ants are realistically compared in the planning phase, a profound decision can be made. nZEB-

design is also a multi-objective optimization problem where stakeholder interestsõ conflict with 

each other. In this report, an exhaustive search method was assessed for five CRAVEzero case 

studies, which systematically investigates all possible variant combinations. The derived results 

are applied to multiple objectives and optimisation goals for a multi-target decision-making 

framework so that different actors can decide between optimal solutions for different objec-

tives. This approach seeks to explore a set of optimal solutions rather than to find a single op-

timal solution. On the one hand, a variety of technologies, such as insulation of the building 

envelope, ventilation or electricity and heat supply, and on the other hand a variation of the 

boundary conditions (such as user behaviour or CO2 follow-up costs) was investigated. The 

results were analysed energetically and economically over the life cycle of the building with the 

objectives of identifying coherences, deriving trends and optimizations over a time span of 40 

years. 

 

1.2.  STATE OF T HE ART / PROBLEM DES CRIPTION  

Cost optimal and nearly zero-energy performance levels are principles initiated by the European Unionõs 

Energy Performance of Buildings Directive, which was recast in 2010 (EU, 2010). Since its introduction as 

part of the EPBD recast, a vast number of studies of the defined cost-optimal analysis have been carried 

out. 

The implementation of the cost-optimal approach has led to a strong scientific interest in this field, by re-

search institutions and by the EU member states (BPIE, 2010; Kurnitski et al., 2011a, 2011b; Corgnati et al., 

2013; Pikas, Thalfeldt and Kurnitski, 2014; DõAgostino and Parker, 2018; Ferrara et al., 2018). In addition to 

regulative requirements, the term "cost-optimal level" refers to "the energy performance level leading to the 

lowest total cost over the estimated economic life cycle" (EU, 2010). While nZEBs realised so far have 

clearly shown that the nearly zero-energy target can be achieved using existing technologies and practices, 

most experts agree that a broad-scale shift towards nearly zero-energy buildings requires significant adjust-

ments to current building market structures. Cost-effective integration of efficient solution sets and renewa-

ble energy systems are significant challenges (BPIE, 2010). It has to be noted that the total costs, as intend-

ed for cost-optimal calculations, only take into account energy-related costs. Therefore, the concept of total 

costs as foreseen in the revised EBPD is not in line with a full life cycle assessment according to ISO 15686 

(BSI ISO 15686-5, 2008). Furthermore, in recent years simulation-based optimization methods for detailed 

building energy performance and cost assessment have evolved, leading to new research on the cost-optimal 

design of new buildings from a multiple-objective perspective (Nguyen, Reiter and Rigo, 2014).    
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2.  PARAMETRIC MULTI -OBJECTIVE ENERGY 

AND COST ANALYSIS  IN THE LIFE CYCLE OF  

NEARLY ZERO -ENERGY BUILDINGS ð AN E X-

HAUSTIVE SEARCH APPR OACH  

2.1.  INTRODUCTION  

Multi-objective optimization analysis has become popular in recent years. In comprehensive review studies, 

various multi-objective approaches for building energy design were proposed, as summarized by (Attia et al., 

2013; Malatji, Zhang and Xia, 2013; Machairas, Tsangrassoulis and Axarli, 2014; Nguyen, Reiter and Rigo, 

2014; Hamdy and Mauro, 2017). The multi-objective approach used in these studies is usually based on the 

concept of Pareto frontier and genetic algorithms: The basic concept of Genetic Algorithms is designed to 

simulate processes in the natural system necessary for evolution (Iba and Aranha, 2012). A solution is opti-

mal when no other feasible solution improves one of the objectives without affecting at least one of the 

other. In that case, the multi-objective algorithms generate a set of solutions, known as the Pareto front. If 

the problem includes only two objectives, the Pareto front is a two-dimensional curve (Nguyen, Reiter and 

Rigo, 2014). 

Genetic algorithms were applied and further optimized within extensive frameworks for cost-optimal and 

nearly zero-energy building solutions by considering the minimization of energy demand/ CO2 emissions 

and investment or life cycle costs as objectives (Fesanghary, Asadi and Geem, 2012; Iba and Aranha, 2012; 

Hamdy, Hasan and Siren, 2013). 

Authors of recent publications have implemented sophisticated sensitivity analysis techniques for nZEB 

design (Lomas and Eppel, 1992; Lam and Hui, 1996; Heiselberg et al., 2009). Some techniques only interfere 

with one parameter at a time by keeping the other inputs fixed (Lam and Hui, 1996)or by using sampling 

procedures (Morris, 1991) , such as Monte Carlo methods (Cervantes, 1972), to interfere with multi-

parameter inputs while simulating only some of the total design combinations that may exist. These meth-

ods are especially helpful when computing power is limited.  

Optimisation using a "parametric optimiser" offers the advantage that the variants are optimised for a spe-

cific goal or cost function and can be found depending on the optimisation objective. Results, therefore, are 

usually based on two optimisation objectives like, for example, cost and energy demand. If this concept is 

also be applied to three or more optimisation goals, the results are more challenging to analyse. Also, most 

studies based genetic algorithms do not allow any statement on maxima, minima or statistical distributions 

of the resulting variants.  

 

2.2.  EXHAUSTIVE SEARCH MET HOD  

The term "parametric analysis" in this report is defined by a brute-force algorithm in which a series of calcu-

lations are run by a computer program, systematically changing the value of parameters associated with one 

or more design variables. Brute-force is an exhaustive search method that systematically takes into account 

all possible variants for a given solution and checking whether each variant satisfies the problem statement 

(University of Washington, no date). It is based on trial and error where the computerõs fast processing 

power is used to solve a problem, rather than to apply advanced genetic algorithms. Therefore, with the 

brute-force method, the investigation of all possible variant combinations, all solutions are considered. It 

offers the advantage that statistical evaluations can be made and distributions can be derived. The most 
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significant benefit is that this concept can also be applied to more than two objectives or optimisation goals. 

It , therefore, provides a sound basis for a multi-target decision-making framework, so that different actors 

can decide between optimal solutions for different objectives. This approach seeks to explore a set of opti-

mal solutions rather than to find a single optimal solution (Chiandussi et al., 2012). 

A big disadvantage is the vast number of variants, by solving the problem by checking all the possible cases 

which are slow. Tue to its time complexity based on the limited computational power of calculation the 

possibility of several thousand variants, it also restricts the calculation methods. If, for example, dynamic 

building simulations are used to analyse a building, where each simulation takes several hours, it is hardly 

possible to calculate thousands of variants with a manageable amount of computing time.  

The difference between a conventional design method and the parametric optimization with an exhaustive 

search method is shown in following Figure 2. 

 

 

Figure 2: Comparison of conventional optimisation method vs parametric analysis (Hatt et al., 2018) 

 
The advantage of the conventional search of the optima usually lies in the manageable number of variants 

and thus the reasonable effort. The disadvantage, as shown in Figure 2, is that only a local optimum can be 

found and not the best global solution or efficient neighbours. For example, it allows finding near-optimal 

design alternatives, not merely the optimum. 

 

2.3.  OPTIMIZATION PROCEDU RE 

The method of energy-economic analysis is shown in Figure 3. 

 

 

Figure 3: Method of energy-economic analysis - coupling between PHPP and CRAVEzero LCC tool 
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This method is based on the ISO 15686-5 (BSI ISO 15686-5, 2008) for life cycle cost calculation and the 

PHPP software  (Passive House Institute, 2015) automated by a VBA macro that has been developed by the 

authors. With this method, several ten thousand different variants per case could be calculated in a manage-

able amount of time. 

The ISO 15686-5 provides the main principles and features of an LCC calculation, while the European 

Code of Measurement describes an EU-harmonised structure for the breakdown of the building elements, 

services, and processes, in order to enable a comprehensive evaluation of the building life costs in this 

study. 

The software PHPP 9 has been used for energy performance analysis. This tool summarises all the infor-

mation dealing with the energy-related features of the building components and services and provides a 

comprehensive overview of the technologies installed.  

 

2.4.  LIFE CYCLE COST CALC ULATION  

According to the ISO 15686-5:2008, the LCC of a building is the Net Present Value (NPV), that is the sum 

of the discounted costs, revenue streams, and value during the phases of the selected period of the life cycle.  

Accordingly, the NPV is calculated as follows: 

ὢ
ὅ

ρ Ὠ
 

 

C: cost occurred in year n; 

d: expected real discount rate per annum (assumed as 1.51 %); 

n: number of years between the base date and the occurrence of the 

cost; 

p: period of analysis (40 years). 
 

The analysis is based on standard values from EN 15459:2018 that provides yearly maintenance costs for 

each element, including operation, repair, and service, as a percentage of the initial construction cost. A 

detailed overview of the input parameters and boundary conditions can be found in chapter 4.  

 

Table 1: Overview of the included costs of the life cycle cost calculation 

   Life cycle phases Included costs 

Whole life 

cycle costs 

  
1. Political decision and urban design 

phase 

Non-construction cost (cost of land, fees 

and enabling costs, externalities) 

Life  

cycle cost 

Initial  

Investment 

2. Building design phase Building design costs 

3. Construction phase Construction and building site manage-

ment costs 

 4. Operation phase Energy and ordinary maintenance costs 

 5. Renovation phase Repair and renovation costs 

 6. Recycling, dismantling and reuse 

phase 

Residual value of the elements 

 

In order to provide a homogeneous and comparable estimation of the energy costs, the evaluation is based 

on the calculated energy demand by using the PHPP evaluation tool (Passive House Institute, 2015).  

In particular, for estimating both the costs and the revenues (due to the renewables installed). The energy 

produced from renewables is considered in the energy balance as a positive contribution to energy con-

sumption, and the revenues from the renewables have been discounted from the energy costs.  
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3.  DESCRIPTION OF THE CASE STUDIES  AND 

THE INVESTIGATED PAR AMETERS  

3.1.  ASPERN IQ  

 

General information  

¶ Owner: City of Vienna 

¶ Architect: ATP Wien 

¶ Energy concept:  Renewable power, envi-

ronmental and waste heat 

¶ Location: Vienna (Austria) 

¶ Year of construction: 2012 

¶ Net floor area: 8817 m2 

Key technologies 

¶ Groundwater heat pump 

¶ Photovoltaics 

¶ Small wind turbine 

 

Aspern IQ is located in Viennaõs newly developed urban lakeside area òAspernó - Austriaõs largest urban 

development project and one of the largest in Europe. The building was designed in line with Plus Energy 

standards and is conceived as a flagship project which shows the approach to create a Plus Energy building 

adapted to locally available materials and which offers the highest possible level of user comfort while meet-

ing the demands of sustainability. The Technology Centre received a maximum number of points in its 

klima-aktiv declaration and had also been awarded an ÖGNB Building Quality Certificate. The energy de-

mand of the building has actively been lowered by measures in the design of the building form (compact-

ness), orientation and envelope quality. A balanced glazing percentage, the highly insulated thermal enve-

lope in passive house standard, optimized details for reduced thermal bridges and an airtight envelope 

(Blower Door Test=0,4 1/h) beating the Austrian building regulation OIB guideline 6 by 55 %. 

 

Table 2 gives an overview of the parameters and levels that were investigated for the case study Aspern IQ 

in this Deliverable. More information on the parameters òenvelope qualityó, òventilationó, òheatingó, òcool-

ingó, òsolar thermaló, òPVó and òbattery storageó is shown in the tables that follow afterwards. Information 

on the parameters òsensitivityó, òCO2 follow-up costsó and òuser behaviouró can be found in chapter 4. 

Table 2: investigated parameters and levels of the case study ASPERN IQ 

PARAMETER  LEVEL 1  ᴣ LEVEL 2  ᴢ LEVEL 3  ᴤ LEVEL 4  ᴞ 

Sensitivity Standard High Low PHPP default 

CO2 follow-up costs Low Standard High No 

User behaviour Not efficient Standard Efficient PHPP default 

Envelope quality National standard nZEB Passive house - 

Ventilation Window ventilation Mechanical ventilation 
with heat recovery 

Extract air unit - 

Heating Gas condensing boiler Ground source heat 
pump 

Air source heat 
pump 

District heating 

Cooling Absorption cooling Ground source heat 
pump cooling 

Air source heat 
pump cooling 

- 

Solar thermal  No solar thermal 28 m² for domestic hot 
water 

148 m² for domes-
tic hot water 

- 

PV No PV 74 kWp 148 kWp - 

Battery storage No battery storage 25 kWh 50 kWh - 
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Table 3: investment costs and technical data for the parameter òenvelope qualityó of the case study Aspern IQ 

PARAMETER  LEVEL 1: NATIONAL 

STANDARD  ᴢ 

LEVEL 2:  

nZEB  ᴤ 

LEVEL 3: PASSIVE 

HOUSE  ᴞ 

Cost of external wall 13.9 û/mį 40 û/mį 18.8 û/mį 

U-value of external wall 0.35 W/m²K As built 0.15 W/m²K 

Cost of floor 10.1 û/mį 12.3 û/mį 20.2 û/mį 

U-value of floor 0.40 W/m²K (earth-

touched) 

0.20 W/m²K (outdoor air) 

As built 0.15 W/m²K 

Cost of roof 16.7 û/mį 45.0 û/mį 20.2 û/mį 

U-value of roof 0.20 W/m²K As built 0.15 W/m²K 

Cost of windows 385 û/mį 316 û/mį 513 û/m² 

U and g- value of windows 1.70 0.94 0.8 

 

Table 4: investment costs and technical data for the parameter òventilationó of the case study Aspern IQ 

 LEVEL 1: WINDOW 

VENTILATION  

LEVEL 2: MECH.VENT. 

+ HR  

LEVEL 3: EXTRACT AIR 

UNIT  

Electric efficiency  - 0.153 Wh/m³ 0.125 Wh/m³ 

Cost - 480,000 û 381,000 û 

 

Table 5: investment costs and technical data for the parameter òheatingó of the case study Aspern IQ 

 LEVEL 1: GAS 

CONDENSING 

BOILER  

LEVEL 2: GROUND 

SOURCE HP  

LEVEL 3: AIR 

SOURCE HP  

LEVEL 4: DI S-

TRICT HEATING  

Cost 257,000 û 206,000 û + 

97,000 û water well 

192,000 û 187,000 û + 

53,000 û connection 

Power / COP 396 kW 240 kW / 5.8 COP 205 kW / 4.5 COP 240 kW 

 

Table 6: investment costs for the parameter òcoolingó of the case study Aspern IQ 

 LEVEL 1: ABSORPTION 

COOLING  

LEVEL 2: GROUND SOURCE 

HEAT PUMP COOLING  

LEVEL 3: AIR SOURCE 

HEAT PUMP COOLING  

Cost 441,700 û Included in heating cost Included in heating cost 

 

Table 7: investment costs for the parameter òsolar thermaló of the case study Aspern IQ 

 LEVEL 1: NO SOLAR 

THERMAL  

LEVEL 2: 28 m ² FLAT 

PLATE DHW  

LEVEL 3: 80 m ² FLAT 

PLATE DHW  

Total costs of collectors - 370  û/mį 370 û/mį 

Other solar thermal costs - 3,600 û 10,360 û 

Cost of water storage - 13,000 û 37,000 û 

 

Table 8: investment costs for the parameter òPVó of the case study Aspern IQ 

 LEVEL 1: NO PV  LEVEL 2: 74 k Wp  LEVEL 3: 148 k Wp  

Cost of PV modules - 288,600 û 576,000 û 

Cost of PV inverter - 10,800 û 19,000 û 

Additional cost - 40,400 û 51,800 û 
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3.2.  MORE  

 

General information 

¶ Owner: Groppi-Tacchinardi 

¶ Architect: Valentina Moretti 

¶ Energy concept: Heat pump and condens-

ing boiler, solar thermal installation 

¶ Location: Lodi (Italy) 

¶ Year of construction: 2014 

¶ Net floor area: 128 m2 

Key technologies 

¶ Precast component 

¶ Compact model home 

¶ Central core 

¶ Flexible and modular 

 

Groppi represents one of the typologies of the prefabricated single-family house produced by Moretti. The 

envelope and all the equipment have been designed with the aim to achieve high performances. The thermal 

equipment consists of an air-water heat pump, distribution through a floor heating system, balanced ventila-

tion with heat recovery, electric system automation. In summer, a natural chimney activates air circulation 

inside the house, thus ensuring natural ventilation. In addition, the installation of special selective and low 

emissivity glasses ensures a low cooling demand. 

 
In this Deliverable different parameters and levels were investigated. Information on these investigated 

parameters (and levels) of the case study MORE are given in Table 9, the information to the investment 

costs and the technical data, which were used for the parametric calculations follow in Table 10 to Table 15. 

 

Table 9: investigated parameters and levels of the case study MORE 

PARAMETER  LEVEL 1  LEVEL 2  LEVEL 3  LEVEL 4  

Sensitivity Standard High Low PHPP default 

CO2 follow-up costs Low Standard High No 

User behaviour Not efficient Standard Efficient PHPP default 

Envelope quality National standard nZEB Passive house - 

Ventilation Window ventilation Mechanical ventilation 
with heat recovery 

Extract air unit - 

Heating Gas condensing boiler Air source heat pump 
+ gas boiler 

Air source heat pump District heating 

Climate Trento Lodi Roma Palermo 

Cooling Compressing cooling No cooling Air source heat pump 
cooling 

- 

Solar thermal  No solar thermal 5 m² for domestic hot 
water 

10 m² for domestic hot 
water 

- 

PV No PV 5 kWp 10 kWp - 
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Table 10: investment costs and technical data for the parameter òenvelope qualityó of the case study MORE 

PARAMETER  LEVEL 1: NATIONAL 

STANDARD  

LEVEL 2: nZEB  LEVEL 3: PASSIVE 

HOUSE  

Cost of external walls 36,591 û As built 39,051 û 

U-value of external walls  0.26 W/m²K  As built 0.15 W/m²K 

Cost of floor 8,237 û As built 9,623 û 

U-value of floor 0.26 W/m²K As built 0.15 W/m²K 

Cost of roof 14,295 û As built 15,354 û 
U-value of roof 0.22 W/m²K As built 0.15 W/m²K 

Total envelope costs 59,123 û As built 64,028 û 

Cost of windows 34,200 û As built 46,800 û 

U and g- value of windows 1.4 ð 0.35 As built 0.8 

 

Table 11: investment costs and technical data for the parameter ăventilationó of the case study MORE 

 LEVEL 1: WINDOW 

VENTILATION  

LEVEL 2: AS BUILT  

MECH.VENT. + HR  

LEVEL 3: EXTRACT AIR 

UNIT  

Electric efficiency - 0.196 Wh/m³ 0.712 Wh/m³ 

Costs - 6,000 û 4,000 û 

 

Table 12: investment costs and technical data for the parameter òheatingó of the case study MORE 

 LEVEL 1: GAS 

CONDENSING 

BOILER  

LEVEL 2: AIR 

SOURCE HEAT 

PUMP + GAS CO N-

DENSING BOILER  

LEVEL 3: AIR 

SOURCE HEAT 

PUMP  

LEVEL 4: DI S-

TRICT HEA T-

ING  

Cost 3,500 û HP=5,031 û 
BOILER=2,122 û 

11,000 û 14,000 û 

Power / COP 45 kW 
Eff =  104 % 

HP: 15 kW COP 4.2 
BOILER: 33.74 kW Eff = 
97.3 % 

45 kW 
COP =4.07 
EER=3.12 

45 kW 

 

Table 13: investment costs for the parameter òcoolingó of the case study MORE 

 LEVEL 1: COMPRESSOR 

COOLING  

LEVEL 2: NO COOLING  LEVEL 3: AIR SOURCE 

HEAT PUMP COOLING  

Costs 8,000 û - 11,000 û 

 

Table 14: investment costs for the parameter òsolar thermaló of the case study MORE 

 LEVEL 1: NO SOLAR 

THER MAL  

LEVEL 2: 5 m ² FLAT 

PLATE DHW  

LEVEL 3: 10 m ² FLAT 

PLATE DHW+SH  

Total costs of collectors - 1,266 û 2,532 û 

Other solar thermal costs - 929 2,000 û 

Cost of water storage - 1,497 û 3,000 û 

 

Table 15: investment costs for the parameter ăPVó of the case study MORE 

 LEVEL 1: NO PV  LEVEL 2: 5 k Wp LEVEL 3: 10 k Wp  

Cost of PV modules - 3,800 û 7,600 û 

Cost of PV inverter - 1,500 û 2,200 û 

Additional cost - 2,200 û 3,700 û 
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3.3.  ISOLA NEL VERDE  A+B  

 

General information 

¶ Owner: Isola nel Verde s.r.l. 

¶ Architect: Studio Associato Eureka 

¶ Energy concept: cogeneration system, geo-

thermal heat pump, photovoltaic and solar 

thermal panels 

¶ Location: Milan (Italy) 

¶ Year of construction: 2012 

¶ Net floor area: 1409 (A)+1745 (B) m2 

Key technologies 

¶ Cogeneration system 

¶ Geothermal energy 

¶ Green roof 

 

The complex has two buildings, A and B. The apartments are heated by radiant floor panels, and the condi-

tioning is supplied by a fan coil plant ñ the buildings of "Isola Nel Verde" present excellent acoustic and 

thermal insulation. Moreover, the insulated green roof reduces the cooling demand. The energy is supplied 

by a geothermal heat pump for heating and cooling, with the integration of photovoltaic and solar thermal 

panels. 

 

For the parametric calculations and analysis in this Deliverable only building A was investigated. Table 16 

shows the defined parameters of the case study Isola Nel Verde. Additionally also the three respectively 

four different levels of each parameter are mentioned. Table 17 to Table 22 give an overview of the invest-

ment costs and technical data of each parameter. 

 

Table 16: investigated parameters and levels of the case study ISOLA NEL VERDE 

PARAMETER  LEVEL 1  LEVEL 2  LEVEL 3  LEVEL 4  

Sensitivity Standard High Low PHPP default 

CO2 follow-up costs Low Standard High No 

User behaviour Not efficient Standard Efficient PHPP default 

Envelope quality National standard nZEB Passive house - 

Ventilation Window ventilation Mechanical ventilation 
with heat recovery 

Extract air unit - 

Heating Gas condensing boiler Geothermal heat pump + 
district heating 

Air source heat 
pump 

District heating 

Cooling Compressor cooling Geothermal heat pump 
cooling 

Air source heat 
pump cooling 

- 

Solar thermal  No solar thermal 36 m² for domestic hot 
water 

72 m² for domestic 
hot water 

- 

PV No PV 7 kWp 14 kWp - 
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Table 17: investment costs and technical data for the parameter òenvelope qualityó of the case study Isola Nel Verde 

 LEVEL 1: NATIONAL 

STANDARD  

LEVEL 2: nZEB  LEVEL 3: PASSIVE 

HOUSE  

Costs of external walls 166,366 û As built 173.000 û 

U-value of external walls 0.26 W/m²K As built 0.15 W/m²K 

Cost of floor 31,200 û As built 36,347 û 

U-value of floor 0.26 W/m²K As built 0.15 W/m²K 

Cost of roof 55,236 û As built 58,460 û 

U-value of roof 0.22 W/m²K As built 0.15 W/m²K 

Total envelope costs 252,802 û As built 267,773 û 

Cost of windows 119,250 û As built 172,250 û 

U and g- value of windows 1.4 W/m²K ð 0.35 As built 0.8 W/m²K 

 

Table 18: investment costs and technical data for the parameter òventilationó of the case study Isola Nel Verde 

 LEVEL 1:  WINDOW 

VENTILATION  

LEVEL 2: MECH.VENT. 

WITH HEAT RECOVERY  

LEVEL 3: E XTRACT AIR 

UNIT  

Electric efficiency  - 0.48 Wh/m³ 0.178 Wh/m³ 

Heat recovery rate - 83 % - 

Costs  - 56,000 û 4,800 û 

 

Table 19: investment costs and technical data for the parameter òheatingó of the case study Isola Nel Verde 

 LEVEL 1: GAS 

CONDENSING 

BOILER  

LEVEL 2: GEOTHE R-

MAL HEAT PUMP + 

DISTRICT HEATING  

LEVEL 3: AIR 

SOURCE HEAT  

PUMP  

LEVEL 4: DI S-

TRICT HEATING  

Cost 12,000 û 466,577 û 60,000 û 25,000 û 

Power / COP 85 kW 

Eff =102 % 

Heat pump: 86.82 kW 

COP 4.38 

140 kW 

COP =3,9 

Heat Exchanger 

85 kW 

 

Table 20: investment costs for the parameter òcoolingó of the case study Isola Nel Verde 

 LEVEL 1: COMPRESSOR 

COOLING  

LEVEL 2: GEOTHERMAL 

HEAT PUMP COOLING  

LEVEL 3: AIR SOURCE 

HEAT PUMP COOLING  

Cost 42,000 û 50,000 û 60,000 û 

 

Table 21: investment costs for the parameter òsolar thermaló of the case study Isola Nel Verde 

 LEVEL 1: NO SOLAR 

THERMAL  

LEVEL 2: 36 m ² FLAT 

PLATE DHW  

LEVEL 3: 72 m ² FLAT 

PLATE DHW  

Total costs of collectors - 12,500 û 19,000 û 

Other solar thermal costs - 1,200 û 1,800 û 

Cost of water storage - 8,000 û 8,000 û 

 

Table 22: investment costs for the parameter òPVó of the case study Isola Nel Verde 

 LEVEL 1: NO PV  LEVEL 2: 7 k Wp LEVEL 3: 14 k Wp  

Cost of PV modules  5,040 û 9,800 û 

Cost of PV inverter  3,150 û 4,000 û 

Additional cost  3,850 û 7,000 û 
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3.4.  LES HELIADES  

 

General information 

¶ Owner: Podeliha 

¶ Architect: Barré - Lambot 

¶ Energy concept: zero-energy building (heat-

ing, cooling, ventilation, lighting, and 

DHW) 

¶ Location: Angers (France) 

¶ Year of construction: 2015 

¶ Net floor area: 4590 m2 

Key technologies 

¶ Well insulated and airtight 

¶ Balanced ventilation with heat recovery 

¶ Ground source heat pump 

¶ Photovoltaic panels 

 

The Héliades residence, where 57 families have been living since March 2017, is defined as a Positive Ener-

gy Building (BEPOS). It was designed by the architect Barré-Lambot and Bouy-gues Bâtiment Grand 

Ouest, with the goal to combine the comfort of the inhabitants and control of energy. The building, with 

high shape compactness, is connected to the urban heat network powered with biomass for the production 

of heating and domestic hot water, complemented by solar thermal panels and photovoltaic panels installed 

on the roof. Solar gains are favoured by largely glazed façade, mainly facing south. 

 

In Deliverable 6.2 different parameters and levels were investigated. These are shown in Table 23. Table 24 

to Table 28 on the next page show the investment costs and technical data of each investigated parameter. 

 

Table 23: investigated parameters and levels of the case study LES HELIADES 

PARAMETER  LEVEL 1  LEVEL 2  LEVEL 3  LEVEL 4  

Sensitivity Standard High Low PHPP default 

CO2 follow-up costs Low Standard High No 

User behaviour Not efficient Standard Efficient PHPP default 

Envelope quality National standard nZEB Passive house - 

Ventilation Window ventilation Mechanical ventilation 
with heat recovery 

Extract air unit - 

Heating Gas condensing boiler District heating Air source heat 
pump 

- 

Climate Lille Orleans Montpellier Nantes 

Solar thermal  No solar thermal 42 m² for domestic hot 
water 

110 m² for domestic 
hot water 

- 

PV No PV 56 kWp 82 kWp - 

 

 

  



 

  14 

Table 24: investment costs and technical data for the parameter òenvelope qualityó of the case study Les Heliades 

PARAMETER  LEVEL 1: NATIONAL 

STANDARD  

LEVEL 2: nZEB  LEVEL 3: PASSIVE 

HOUSE  

Costs of external walls  195 û/mįwall 240 û/mįwall 247 û/mįwall 

U-value of external walls  0,233 W/m²K  

Cost of floor  160 û/mįGFA 160 û/mįGFA 197 û/mįGFA 

U-value of floor   0,259 W/m²K  

Cost of roof  150 û/mįGFA 157 û/mįGFA 170 û/mįGFA 

U-value of roof   0,139 W/m²K  

Cost of windows 550 û/mįWindow 700 û/mįWindow 950 û/mįWindow 

Uw and g- value of windows 1.7 W/m²K ð 0.7 1,51 W/m²K ð 0.62 1,1 W/m²K ð 0.5 

 

Table 25: investment costs and technical data for the parameter òventilationó of the case study Les Heliades 

 LEVEL 1: WINDOW 

VENTILATION  

LEVEL 2: MECHANICAL 

VENTILATION WITH 

HEAT RECOVERY  

LEVEL 3: EXTRACT AIR 

UNIT  

Electric efficiency  - 0.3 Wh/m³ 0.2 Wh/m³ 

Costs 0,7 û / (m3/hr)  26 û / (m3/hr)  0.5-1 û / (m3/hr)  

 

Table 26: investment costs and technical data for the parameter òheatingó of the case study Les Heliades 

 LEVEL 1: GAS CO N-

DENSING BOILER  

LEVEL 2: DISTRICT 

HEATING  

LEVEL 3: AIR SOURCE 

HEAT PUMP  

Cost 70 û/mį 0 110 û/mį 

Power / COP 220 kW / Eff = 110 % 220 kW / Eff = 100 % 220 kW / COP = 3.5 

 

Table 27: investment costs for the parameter òsolar thermaló of the case study Les Heliades 

 LEVEL 1: NO SOLAR 

THERMAL  

LEVEL 2:  42 m ² 

FLAT PLATE DHW  

LEVEL 3: 110 m ² FLAT 

PLATE DHW  

Total costs of collectors - 466 û/mį 466 û/mį 

Other solar thermal costs  - 300 û/mį 300 û/mį 

Cost of water storage - 1.81 û/litre 1.81 û/litre 

 

Table 28: investment costs for the parameter òPVó of the case study Les Heliades 

 LEVEL 1: NO PV  LEVEL 2: 56 k Wp  LEVEL 3: 82 k Wp  

Cost of PV (modules, inverter 

and additional costs) 

- 2,8 û/Wp 2,8 û/Wp 
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3.5.  ALIZARI  

 

General information 

¶ Owner: Habitat 76 

¶ Architect: Atelier des Deux Anges 

¶ Energy concept: ZEB (heating, cooling, venti-

lation, lighting, and DHW) and Passivhaus 

¶ Location: Malaunay (France) 

¶ Year of construction: 2015 

¶ Net floor area: 2776 m2 

Key technologies 

¶ High-performance envelope (triple glazing, in-

ternal and external insulation) 

¶ Balanced ventilation with heat recovery 

¶ Centralized wood boiler 

¶ Photovoltaics 

 

Labelled Passivhaus and Promotelec RT 2012-20 %, this residence has 31 apartments and 1 studio. The 

design of the project was oriented to meet a high standard of energy performance, relying on the compact-

ness of buildings, the control of solar inputs and of the orientation and the management of renewable ener-

gies. Electricity generation via photovoltaic panels, heating system with ventilation, with a biomass boiler 

and reinforced thermal insulation are the key elements of this building. 

Furthermore, a large part of the spaces and services are shared among the different residents (local bicycles 

and strollers, optical fibre, local compost).  

Residential common laundry and a guest bedroom are also integrated into the new building. 

 

Table 29 shows the parameters and levels of the case study Alizari, which were analysed in this Deliverable. 

The cost and technical data which was necessary for the parametric calculations are shown in Table 30 to 

Table 33. 

 

Table 29: investigated parameters and levels of the case study ALIZARI 

PARAMETER  LEVEL 1  LEVEL 2  LEVEL 3  LEVEL 4  

Sensitivity Standard High Low PHPP default 

CO2 follow-up costs Low Standard High No 

User behaviour Not efficient Standard Efficient PHPP default 

Insulation envelope 250 mm external 300mm external 200 mm external + 
100 mm internal 

- 

Ventilation Window ventilation Rotatech ventilation 
unit 

Helios ventilation 
unit 

Swegon ventilation 
unit 

Heating ETA boiler Hargassner boiler Ökofen boiler Co-generation plant 

PV No PV 30 kWp / 15 % effi-
ciency 

34 kWp / 17 % effi-
ciency 

41 kWp / 21 % effi-
ciency 
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Table 30: investment costs for the parameter òinsulation envelopeó of the case study Alizari 

  Level 1: 250 mm  EXTE R-

NAL  

Level 2: 300 mm EXTE R-

NAL  

Level 3: 200 mm EXTE R-

NAL + 100 mm INTERNAL  

Cost 115.92 û/mį 122.22 û/mį 137,59 û/mį 

 

Table 31: investment costs and technical data for the parameter òheatingó of the case study Alizari 

 LEVEL 1: ETA 

BOILER  

LEVEL 2: HA R-

GASSNER BOI L-

ER 

LEVEL 3: 

ÖKOFEN BOILER  

LEVEL 4:CO -

GENERATION 

PLANT  

boiler efficiency 0.91 0.94 1.03 1.09 

Total cost (supply) 173 û/kW 192 û/kW 238 û/kW 897 û/kW 

Labour cost 1,300 û 1,650 û 1,650 û 2,250 û 

 

Table 32: investment costs and technical data for the parameter òventilationó of the case study Alizari 

 LEVEL 1: WI N-

DOW VENTIL A-

TION  

LEVEL 2: R O-

TATECH VE N-

TILATION UNIT  

LEVEL 3: HEL I-

OS VENTIL A-

TION UNIT  

LEVEL 4: 

SWEGON VE N-

TILATION UNIT  

Heat recovery efficiency - 0.68 0.81 0.84 

Total cost (supply) - 7,557 û 8,350 û 15,884 û 

Labour cost - 420 û 420 û 420 û 

 

Table 33: investment costs and technical data for the parameter òPVó of the case study Alizari 

 LEVEL 1: NO PV  LEVEL 2: 30 

kWp / 15  % 

EFFFICIENCY  

LEVEL 3: 34 

kWp / 17  % 

EFFFICIENCY  

LEVEL 4: 41 

kWp / 21  % 

EFFFICIENCY  

Power - 30.01 kW 34.13 kW 40.71 kW 

Number of Panels  - 118 118 118 

Area - 192 m² 192 m² 192 m² 

PV efficiency - 0.15 0.17 0.21 

Cost - 54,310 û 62,650 û 77,190 û 
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4.  ASSUMPTIONS AND BOUN DARY CONDITIONS  

4.1.  BOUNDARY CONDITION F OR ECONOMIC EVALUATI ON  

The construction costs of the buildings (as shown in the previous chapters) were provided by the project 

partners ATP, Bouygues, Moretti and 3i. All buildings have already been constructed, and therefore real 

cost data was available. The costs for the varied technologies and building elements were also directly pro-

vided by those project partners. If necessary, assumptions were made according to the CRAVEzero data-

base of WP4. All costs are reported as "net costs" (excluding VAT). Land costs and excavation costs were 

on principle taken into account. 

 

The considered buildings are located in Austria, France and Italy. Therefore climate data files were generat-

ed with Meteonorm 7.1.8.29631. 

 

The economic evaluation of the variants is based on an observation period of 40 years (see also Table 34), 

which was previously defined in D2.2 (Deliverable D2.2: Spreadsheet with LCCs). This observation period 

was chosen because this duration is feasible for private housing, as well as for property developers. As for 

the financing scheme, a bank loan was chosen with a credit period time of 25 years and an interest rate of 

3  %. The equity interest rate for the equity investment was set to 1.51  %, the inflation rate to 2  % and the 

discount rate of the used capital investment was 3  %. All these values were taken from the CRAVEzero 

LCC-Tool. 

The different technical maintenance costs and lifespans of the different components are taken into account 

and based on the gathered data in D2.2 and the CRAVEzero database of WP4. Cost drivers can also be 

determined by evaluating individual parameters in relation to costs. The following cost items are taken into 

account: total costs, financing costs, energy costs including basic fees, replacement investments, operation 

costs, maintenance costs, repairs and residual values. The energy costs also take into account the revenues 

from the grid feed-in of the electricity generated on the building from renewable sources (e.g. PV electrici-

ty). No additional follow-up costs such as administration, insurance, cleaning, security services, building 

services and demolition costs are included in this report. Rental incomes are not taken into account. 

All costs are calculated using the òCRAVEzero life cycle cost tooló, which was developed in the projects 

KoPro LZK+ and CRAVEzero. 

 

Table 34: Boundary condition for economic evaluation 

ECONOMIC BOUNDARY CONDITIONS  REFERENCE  

Observation period of life cycle cost 40 years 

Equity interest rate 1.51  % 

Inflation rate 2  % 

Discount rate 3  % 

Credit period 25 years 

Interest rate bank credit 3  % 
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4.2.  MAINTENANCE COSTS  

To consider the costs during the operational phase of the building, life cycle maintenance cost were applied 

as fraction of the investment costs per year. These maintenance costs were gathered from the LCC-

spreadsheets (see D2.2). For the parameters which are not covered in the case study, these factors were 

conducted from the CRAVEzero database of WP4. The most important building elements are listed in 

Table 35. The operation and maintenance costs affect only the building life cycle after the construction 

phase. These costs are particularly relevant for future owners, building operations and property manager. 

Table 35: Summary of the most important maintenance costs and maintenance intervals 

Position  Activity  Interval  Share of I n-

vestment costs  

Unit  

Exterior wall Maintenance Annually 1.5  % û/a 

Floor construction Maintenance Annually 1.5  % û/a 

Flat roof construction Maintenance Annually 1.5  % û/a 

Windows and doors Maintenance Annually 1.5  % û/a 

Ventilation system with heat recovery Maintenance Annually 4.0  % û/a 

Air distribution system Cleaning and 

maintenance 

Annually 6.0  % û/a 

District heating transfer station  Maintenance Annually 3.0  % û/a 

Ground source heat pump Maintenance Annually 3.0  % û/a 

Air heat pump Maintenance Annually 3.0  % û/a 

Thermal collectors Maintenance Annually 1.0  % û/a 

PV system  Maintenance Annually 1.0  % û/a 

 

4.3.  REPLACEMENT AND  RENEWAL  

The replacement of the construction components is necessary, especially for active components. The com-

ponents of the building envelope have a high technical lifetime and will be not rebuilt, but demolition costs 

arise at the end of the life cycle. Active components of the building equipment are typically renewed several 

times during the lifetime of the whole building. In this report, an observation period of 40 years is chosen, 

which is a relatively low expected lifetime for the building envelope. This has to be adjusted if a higher ob-

servation period will be chosen. The building elements, with a lifespan lower than the observation period, 

are reinvested, and the remaining residual value is deducted after the observation period. Table 36 lists the 

technical lifetime of the building elements, which were gathered from the D2.2 and the CRAVEzero data-

base of WP4.  

Table 36: Technical lifetime of prototypical nZEB elements 

Position  Techn. lif e-

t ime (years)  

Position  Techn. 

life t ime 

(years)  

Exterior wall 40 Air heat pump 20 

Floor construction 40 Buffer storage 20 

Flat roof construction 40 Thermal collectors 20 

Windows and doors 40 Ventilation unit with heat recovery 15 

External sun protection 40 Air ducts, air distribution system 30 

Interior wall and elements 40 Compressor cooling 15 

Kitchen and bathroom furniture 40 Free cooling 40 

Electric network 25 PV - modules 25 
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Position  Techn. lif e-

t ime (years)  

Position  Techn. 

life t ime 

(years)  

Heat distribution network 30 PV - inverter 15 

Floor heating  40 Cables for PV and Inverter 40 

District heating transfer station 20 Building automation system 40 

Ground source heat pump 20   

 

4.4.  ENERGY PRICES AND PR ICE INCREASE  

The energy costs were calculated for each investigated variant based on the final energy demand of the vari-

ant. If PV was present in the specific variant, the electricity demand was reduced by the share of self-

consumption of the PV-electricity. The PV surplus electricity, which cannot be used directly in the building, 

was fed back to the grid at significantly lower rates (see Table 37). The electricity price was derived from the 

LCC tool in WP2 and cross-checked with the values from Eurostat. 

 

Table 37 gives an overview of the used energy prices of the different energy sources in Austria, France and 

Italy. 

Table 37: Energy prices as boundary conditions of the economic efficiency calculation 

Energy ca rriers  AUSTRIA  FRANCE  ITALY  Unit  

Natural Gas 0.060 0.086 0.095 û/kWh 

Electricity  0.187 0.146 0.216 û/kWh 

District heating 0.090 0.033 0.100 û/kWh 

PV feed-in tariff 0.048 0.060 0.070 û/kWh 

 

As described in chapter 3 for each case study the energy prices and feed-in tariffs were varied (parameter 

òsensitivityó). In total four different scenarios were defined and investigated. The assumptions on which the 

calculations in the respective levels are based are shown in Table 38. 

Table 38: energy price and feed-in tariffs in the four levels of the parameter ăsensitivityò 

 LEVEL 1: 

STANDARD  

LEVEL 2: H IGH  LEVEL 3: LOW  LEVEL 4:  PHPP 

DEFAULT  

Energy price increase per 
year 

1.0 % 2.0 % 0.5 % - 

Increase of PV feed-in 
tariff per year 

1.7 % 2.7% 0,7% - 

 

4.5.  ANALYSIS OF THE CO2 FOLLOW -UP COSTS  

Besides the variation of the energy price and feed-in tariff increase, a further varied parameter in the eco-

nomic evaluation was the consideration of CO2 follow-up costs at different levels. In total four levels were 

defined, calculated and analysed. These four levels are: 

¶ Low CO2 follow-up costs: 100 EUR/tCO2.a 

¶ Standard CO2 follow-up costs: 200 EUR/tCO2.a 

¶ High CO2 follow-up costs: 300 EUR/tCO2.a 

¶ No CO2 follow-up costs: 0 EUR/tCO2.a 
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4.6.  ANALYSIS  OF THE USER BEHAVIOU R 

Additionally also a sensitivity analysis was carried out to investigate the influence of different user behav-

iours on the results. As already indicated in the description of the investigated parameters of each case 

study, four different user behaviours, which range from inefficient user behaviour (level 1), over a standard 

user behaviour (level 2) to efficient user behaviour (level 3). For comparison also the default settings from 

PHPP were used (level 4). 

Table 39 gives an overview of the four different user behaviours and the parameters that were varied. 

 

Table 39: Description of the four different user behaviours 

PARAMETER  LEVEL 1: NOT 

EFFICIENT  

LEVEL 2: 

STANDARD  

LEVEL 3: E F-

FICIENT  

LEVEL 4: 

PHPP D E-

FAULT  

Troom (during heating period) 21 °C 22 °C 23 °C 20 °C 

DHW-demand (at 60°C)  29 l/d 33.3 l/d 48.5 l/d 33.3 l/d 

Misuse of external blinds during 
winter time  

0  % +10  % +20  % 0  % 

Electrical loads  20 kWh/m²a 26.6 kWh/m²a 35 kWh/m²a 26.6 kWh/m²a 

Additional window ventilation 
during winter time  

0.0 1/h +0.05 1/h +0.1 1/h 0.0 1/h 

 

 

 

 

  



 

  22 

 

 

 

CHAPTER 5  

RESULTS OF THE PARAMETRIC  

ENERGY AND COST CALCULATIONS  

 

 
























































































































































































































