
 

 

 

 

D1.3:  

Result -Oriented Concluding 

Report  

 

 

 

 

 
 

COST REDUCTION AND MARKET  

ACCELERATION FOR VIABLE NEARLY ZERO - 

ENERGY BUILDINGS  

 

Effective processes, robust solutions, new business models, and reliable life cycle costs to  

support user engagement and investorsõ confidence towards net zero balance. 

 

CRAVEzero - Grant Agreement No. 741223 

WWW.CRAVEZERO.EU 

 

 
 

 

 

 

 

 

 

 

This document has been prepared for the European Commission; however, it only reflects the views of the authors, and the Commission cannot be 

held responsible for any use which may be made of the information contained therein. 

Co-funded by the Horizon 2020 

Framework Programme of the European Union 



 

 

 

 

D1.3:  

Result -Oriented Concluding 

Report  

 

 

Authors (Editors) 

Tobias Weiss1, Regina Höfler1, Roberta Pernetti 2, Federico Garzia2, Arnulf Dinkel3, Benjamin Köhler 3 

 
1AEE INTEC  

2EURAC 
3FRAUNHOFER ISE 

Authors (Contributors): 

Armin Knotzer1, David Venus1, Christoph Moser1, Daniel Rüdisser1, Jens Glöggler2, Klara Meier2, Bjorn 

Berggren4; Åse Togerö4; Westin Rasmus4, Mark Stobbe5, Ramy Saad6, Christian de Nacquard6, Marine 

Thouvenot6, Cristina Foletti7, Marta Boschetto8, Mirco Balachia8, Davide Torriglia8, Gianluca Gualco8, 

Gerold Köhler9, Thomas Stöcker9 

 

 
1 AEE INTEC  
2 ATP Sustain  

3 eurac research 
4 Skanska 

5 Fraunhofer ISE 
6 Bouygues Construction 

7 Moretti 
8 3i engineering 

9 Köhler & Meinzer 

 

 

August 2020 

 

 

Disclaimer Notice: This document has been prepared for the European Commission; however, it only reflects the views of the 

authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein. 

 



FOREWORD  

The CRAVEzero concluding report was produced through extensive collaboration with 

experts and stakeholders across Europe over a three-year period. Six work packages 

were formed with significant subject matter expertise to discuss the challenges of 

cost reduction and marked acceleration of nearly zero energy buildings (nZEBs) in 

different regions in Europe. The working groups focused on life cycle costs, business 

models, processes, and technologies. Feedback was received via the CRAVEzero case 

study projects and national implementation working groups. 

 

Cost optimal and nearly zero energy performance 

levels were initiated by the European Unionõs (EU) 

Energy Performance of Buildings Directive, which 

was recast in 2010. These principles will be 

significant drivers in the construction sector in the 

next few years because all new buildings in the EU 

must be nearly zero energy buildings (nZEBs) from 

2021 onwards (public buildings needed to achieve 

this standard by 2019). 

While nZEBs realized thus far have clearly shown 

that the nearly zero energy target can be achieved 

through existing technologies and practices, most 

experts agree that a broad-scale shift towards nZEBs 

requires significant adjustments to current building 

market structures. The cost-effective integration of 

efficient solution sets and renewable energy systems 

are the major challenges.  

CRAVEzero focuses on proven and new approaches 

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

cycle (see Figure 1). The primary goal is to identify 

and eliminate the extra costs of nZEBs related to 

processes, technologies, and building operations as 

well as promote innovative and cost-effective 

business models considering all stakeholders in the 

buildingõs life cycle. 

 

 

Figure 1: CRAVEzero approach for cost reductions in the life cycle of nZEBs. 
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Cost reduction and marked acceleration for nZEBs have been achieved using the following guiding principles 

established by the CRAVEzero consortium: 

 Define energy and related project goals. 
 

 Define actions to track and reach goals 

throughout the life cycle. 
 

 Create win-win situations for all 

stakeholders. 
 

 Select optimal nZEB technical solution sets. 
 

 Conduct life cycle cost analysis of variants. 
 

 Quantify co-benefits for nZEBs. 
 

 Learn from frontrunners and avoid pitfalls 

and bottlenecks. 
 

 Consolidate all insights in the business case 

for nZEBs. 

 

 

Figure 2: Cost and energy savings potential of nZEBs based on the MacLeamy curve (IDEAbuilder 2012). 
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EXECUTIVE SUMMARY  

Effective processes, robust solutions, new business models, and reliable life cycle 

costs support ǳǎŜǊ ŜƴƎŀƎŜƳŜƴǘ ŀƴŘ ƛƴǾŜǎǘƻǊǎΩ ŎƻƴŦƛŘŜƴŎŜ ǘƻǿŀǊŘǎ ƴŜǘ ȊŜǊƻ ōŀƭŀƴŎŜΦ 

CRAVEzero focuses on proven and new approaches to reduce the costs of nearly 

Zero Energy Buildings at all life cycle stages.  

 

Cost optimal and nearly zero energy performance 

levels are principles initiated by the European 

Unionõs (EU) Energy Performance of Buildings 

Directive, which was recast in 2010. These will be 

major drivers in the construction sector in the next 

few years. While nearly Zero Energy Buildings 

(nZEBs) realized 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 nZEBs 

requires significant adjustments to prevailing 

structures in the building market. 

This final report summarizes proven and new 

approaches to reduce the costs of nZEBs at all stages 

of the life cycle. Within several case studies all over 

Europe, extra costs for nZEBs are revealed in 

relation to processes, technologies, and building 

operations. The focus of this report lies in the 

potential for cost reductions and innovative business 

models that would make further uptake of nZEBs 

cost-effective for all stakeholders.  

It is important to note that the nZEBs promoted by 

CRAVEzero are not unique models to be simply 

duplicated; rather, they are composed by a set of 

customisable solutions to be combined according to 

the local context and the needs of the users. This will 

ensure the high quality of the built environment, 

preserve the identity of each building, increase user 

acceptance, and maintain high real estate value. The 

impacts of the CRAVEzero project include life cycle 

cost reductions of nZEBs, measurable energy 

balance improvements, enhanced use of RES, 

improved indoor environmental quality and building 

usability, greater nZEB economic value in 

connection with high performance (in terms of low 

 
1 The Pinboard is a structured framework of all necessary 

information and tools to build reliable nZEBs at a low life 

non-renewable energy consumption), high quality 

lifespan, and reduced life cycle costs. CRAVEzero 

defined an integrated approach for planning and 

constructing a new nZEB that reduces the current 

design phase up to 20%. In particular, the process 

map offers a comprehensive overview of the phases, 

activities, and actors involved during the life cycle of 

a nZEB, identifying the possible pitfalls and 

bottlenecks and relevant countermeasures (Chapter 

3). Thanks to an optimised nZEB design with the 

CRAVEzero parametric method (Chapter 5), it was 

shown that it is possible to save up to 16% of the 

financing costs, 23-29% of the operational costs, up 

to 30% of the replacement and investment costs. 

Main Results: 

 Reference schemes for nZEB urban 

planning and building design process 

(Chapter 3) 

 Structured methodological approach to 

optimise integration of renewable and 

nZEB technologies (Chapter 4) 

 Potential to reduce life cycle costs 

demonstrated by relevant case studies 

(Chapter 2/Chapter 5) 

 Demonstration of co-benefits: optimal 

architectural/building configurations for 

high-quality living/ working environments 

and real estate value (Chapter 6): 

 nZEBs lean management protocols 

 60+ Low LCC nZEB business models 

(Chapter 7) 

 CRAVEzero pinboard 

(www.pinboard.cravezero.eu)1 

 

cycle cost. All major results and outcomes are included in 

this interactive web tool. 

http://www.pinboard.cravezero.eu/
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CRAVEzero CASE STUDIES  

A high-pŜǊŦƻǊƳƛƴƎ άƴŜŀǊƭȅ ½ŜǊƻ 9ƴŜǊƎȅ .ǳƛƭŘƛƴƎέ is a very energy efficient building 

that produces onsite (or procures) carbon-free renewable energy or high-quality 

carbon offsets in an amount sufficient to offset the annual carbon emissions 

associated with building materials and operations. 

  

 Väla Gård, 

Sweden - 

Skanska 

 

Aspern IQ, 

Austria - ATP 

 

Green Home 

Nanterre, 

France - 

Bouygues 

 

Solallén, 

Sweden - 

Skanska 

 

Résidence 

Alizari, France 

ð Bouygues 

 

NH Tirol, 

Austria - ATP 

 

Isola Nel 

Verde, Italy - 

Moretti 

 

Brussels, 

Germany ð 

Köhler & 

Meinzer 

 

Les Héliades, 

France - 

Bouygues 

 

I+R 

Headquarters, 

Austria - ATP 
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Moretti More, 

Italy - Moretti 

  

 

Figure 3: CRAVEzero case studies. 
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1.  INTRODUCTION  

/w!±9ȊŜǊƻΩǎ ǇǊƛƳŀǊȅ Ǝƻŀƭs are to identify and eliminate extra processing and 

technological costs for nZEBs and to promote innovative business models that are 

cost-effective for all stakeholders during the entire life cycle. 

 
Figure 4: Aspern IQ (Austria) ð ATP Sustain (c) ATP/Pierer. 

 

Cost-optimisation and nearly zero energy 

performance levels are initiated by the European 

Unionõs 2010 Energy Performance of Buildings 

Directive (EPBD). These principles guide the 

construction of all new buildings in the EU that are 

expected to be nearly zero energy from 2021 

onwards. 

While nearly zero energy buildings (nZEBs) realized 

so far have clearly shown that the nearly zero energy 

target can be achieved through existing technologies 

and practices, most experts agree that a broad-scale 

shift towards nZEBs requires significant 

adjustments to prevailing building market structures. 

The major challenge is the cost-effective integration 

of efficient solution sets and renewable energy 

systems in a manner that fits the whole life cycle.  

The 2020 EU-Horizon project òCRAVEzeroó 

focuses on proven and new approaches to reduce 

costs and improve nZEBs at all stages of the life 

cycle. Its main goals are to identify and eliminate the 

extra costs for nZEBs related to inefficient processes 

and technologies and to promote innovative 

business models that are cost-effective for all 

stakeholders. 

Cost-reduction potentials are to be found in all life-

cycle phases of nZEBs ð from urban planning to 

building design to construction and building 

operations. Indirect co-benefits to architectural 

quality, indoor environment, comfort, and health 

must be considered. The high technical complexity 

of nZEBs along with their detailed planning/  

construction/ operation processes are the main 

reasons performance and cost targets are not met. 

Clear prerequisites must be created to define project 

objectives. Too often, promising building concepts 

fail to achieve cost and energy goals because project 

participants are not sufficiently aware of the 

manifold interactions of holistic planning contexts.  

The idea of CRAVEzero is to promote a well-

organized and transparent interdisciplinary process 

along the whole life cycle of a nZEB, focussing on 

both environmental and economic concerns (see 

Figure 5). 
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Figure 5: CRAVEzero - The influence on the process decreases while the costs increase during the life cycle of a nZEB. 

 To minimize risks and possible bottlenecks, 

obstacles must be identified at an early stage. It is 

necessary to establish a common plan among all 

actors as early as possible. As shown in Figure 6 and 

Figure 7, new nZEBs maximize passive design while 

limiting energy consumption from the grid. To 

implement this, planners need to challenge 

traditional design norms. 

Each building has its own unique process in which 

architects start from scratch to collect information 

on the local context and its constraints, design the 

building, carry out cost optimal performance 

analyses, and evaluate the renewable energy potential. 

This involves extra time and planning costs for the 

design process. Without a standardized process, 

different stakeholders repeat almost identical 

procedures A systematic approach for the life-cycle 

process of low-cost nZEBs is needed as a starting 

point. A clear connection between building 

performance and related costs is essential. The 

introduction of a performance-based procurement 

approach must be common practice not only for 

public tendering but private construction as well.  

Figure 6: Steps to reach nZEB standard. 
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Figure 7: Process steps to reach nZEB-standard along life cycle. 

  

 

1.1.  STATE OF THE ART

  

Figure 8: Green Home Nanterre ð Bouygues Construction (France). 

nZEBs with high energy performance have become 

technically feasible but are not yet cost-effective. To 

overcome this barrier to implementation, the 

principle of cost optimisation has been introduced to 

align national minimum energy performance 

requirements with economically feasible nZEB 

targets, considering operating, replacement, and 

disposal costs. As evaluated within the current 

ZEBRA 2020 project, the average extra cost in the 

EU for a nZEB (compared to a new building in 

compliance with the minimum standard 

requirements) is approximately 171 û/m2 due to 

higher design and construction costs. 

DõAgostino and Parker (2018) have presented a 

framework for cost optimal nZEB design containing 

costs, energy prices, and climate data. One important 

conclusion is that the most common optimized 

nZEB configuration foresees a combination of good 

insulation and building airtightness as well as class 

A++ appliances, lighting, and home energy 

management systems, along with PV. Airtightness, 

the efficiency of appliances, and the reduction of 

solar gains or insulation (depending on the climate) 

must first be addressed. 

Recent European studies have shown that 

construction costs of buildings close to the passive 

CRAVEzero 

case study 

Green Home 

Nanterre 
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house standard increase by 4 to 6% compared to 

those that meet minimum nZEB requirements, but 

these highly efficient variants reduce the primary 

energy demand by up to 72% (Ploss et al., 2017). 

Berggren, Wall, and Togerö (2018) depart from 

traditional ways of calculating nZEB profitability 

with life-cycle cost analysis (LCC) by trying to 

quantify the added value of a green building in 

monetary terms. Their assessment is based on a 

planning process that also includes socio-economic 

parameters influenced by the quality of the building. 

It  shows how the optimal set of measures can be 

found. But how can the knowledge of optimal 

building design strategies and technical solution sets 

be tied to the building process? Which actors should 

be involved? Which actions must be taken, and at 

what time? Is the traditional development process for 

buildings suitable for high-level nZEB buildings to 

penetrate the market? 

To answer these questions, an important first step is 

to clarify the construction procedure of the project. 

One prominent example of different construction 

procedures affecting the interface between phases 

lies in the decision of the project delivery system 

(Konchar and Sanvido, 1998). In Europe, the 

standard project delivery system is design-bid-build. 

This means that there is a clear cut between the 

design phase and the building phase, which is marked 

by the procurement of the construction companies 

(òbiddingó). Important implications are that 

construction companies do not take part in the 

planning phase, and the owner has to invest 

additional time in assigning construction contracts. 

An alternative approach is the design-build approach, 

which is increasingly used worldwide. 

Torcellini et al. (2004) have studied the nZEB 

realization process by examining various case studies 

on nZEB construction processes. They investigated 

the project delivery system of high-performance/ 

low-energy buildings and concluded that the 

performance-based design-build approach was best 

to achieve high quality at low cost (Crawford, 

Czerniakowski, & Fuller, 2011; Pless, Torcellini, & 

Shelton, 2011). In performance-based design-build, 

the planning and construction phases are strongly 

interconnected since the owner engages a team of 

planners and constructors with well-defined targets 

to realize the whole building for a thoroughly defined 

function and at a fixed cost. Moreover, the owner 

financially rewards the team for achieving higher 

standards throughout the process. The salient point 

is that performance-based design-build can be used 

to integrate the planning and construction phases to 

achieve the specific goal of a high-performance 

nZEB. Konchar and Sanvido (1998) conclude that 

design-build shows major cost and performance 

advantages compared to other project delivery 

systems. 

What does this mean for the goal of promoting 

nZEBs? It means that it is not enough to solely 

consider the individual actions of single users in 

determining building phases, planners ð constructors 

need to work interactively. Pless, Torcellini, and 

Shelton (2011) argue that design-build permits higher 

achievements in energy-efficient buildings and 

nZEBs because of the integration of planning and 

construction.  

Possible cost-saving potentials in the planning and 

construction of high-performing nZEBs have not 

been sufficiently assessed in the traditional planning 

process. In many countries, planning and analysis 

have not been carried out in parallel, and the 

alternative technical options or business models are 

discarded at an early stage. However, a realistic 

comparison of nZEB solutions in the planning phase 

would promote more well-informed decisions. 

Just as integrating planning and construction can 

enhance outcomes, so too can urban planning 

considerations and the inclusion of operational 

actors in the planning phases, as demonstrated by the 

òRenew Schooló project (Kondratenko, Van Loon, 

& Poppe, 2014). 
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1.2.  THE òCRAVEZERO FRAMEWORK ó 

nZEB design is a multi-objective challenge 

where stakeholdersõ interests often conflict 

with each other. Through the provision of 

knowledge, the òCRAVEzero frameworkó 

aims to promote confidence in decision-

making to reach nZEB goals (particularly in 

relation to energy and cost performance).  

The main targets pursued in the project can 

be summarized as follows: 

 

 The reduction of nZEB construction 

costs compared to the present costs of a 

new conventional building that would meet 

current building regulations. 

 

 Nearly zero energy consumption or less 

(including on-site or nearby renewable 

energy sources) and nearly zero impact of 

materials used over the whole life cycle. 

 

 Co-benefits such as increased real 

estate value and working environment 

quality. 

 

 A cost-effectiveness investment from a 

business model perspective. 

 

 

For practical implementation, the proposed CRAVEzero methodology is an addition to the fundamentals of 

nZEB designs. It aims to reach nZEB targets in eight major steps: 

 

 Define energy and cost-

related project goals 

It is important to clearly define energy 

consumption and life-cycle cost-related 

goals for the project in the first step. This step lays 

the foundation to define key actions needed to 

achieve those goals, and avoid pitfalls and 

bottlenecks. 

 

 Define actions to reach the 

goals and track them 

throughout the life cycle 

Considering the complexity of reaching the 

nZEB target with cost optimal solutions for 

diverse stakeholders, multiple actions are required. 

However, these are usually missing from standard 

planning processes. Therefore, it is important to 

promote a shared interdisciplinary understanding of 

the complexity of the nZEB planning processes for 

all involved stakeholders. A well-organized and 

transparent process is key to achieving the goal of 

THE F UNDAMENTALS OF nZEB DESIGN  

 

 Reduce the buildingõs energy demand in order to meet 

its needs with efficiency.  

 Select high-efficiency space heating, cooling, and 

water heating. 

 

 Generate renewable energy on-site and use renewable 

energy supply systems. 

 

 

 

TH E CRAVEZERO FRAMEWORK  

 

 Define energy and related project goals. 

 

 Define actions to reach the goals and track them 

throughout the life cycle. 

 

 Create win-win situations for all stakeholders. 

 

 Select optimal nZEB technical solution sets. 
 

 Conduct life-cycle cost analysis and variants. 
 

 Quantify co-benefits for nZEBs. 
 

 Learn from frontrunners to avoid pitfalls and 

bottlenecks. 
 

 Consolidate all insights from business cases. 
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cost optimal and sustainable nZEBs throughout the 

entire life cycle. The CRAVEzero consortium 

provided its experience in the area of holistic project 

management with a focus on integrated building 

planning. It defined how key performance 

parameters should be prioritized and tracked along 

the life cycle. Additional advantages of holistic 

project managements are: 

¶ Risk reduction 

¶ Quicker construction and delivery 

¶ Control over costs and energy performance 

¶ Integrative design and Optimal use of team 
membersõ expertise 

¶ Establishment of measurable success 
criteria 

 
See also CRAVEzero Report: òGuideline I: nZEB 
processesó and: òOptimized nZEB process mapó for 
detailed information. 
 

 Create win-win situations 

for all stakeholders 

A win-win situation for the involved 

stakeholders needs to be created and 

translated into a business model.to push 

nZEB market uptake. Business models are usually 

based on cooperative strategies where different 

stakeholders bundle their expertise to create positive 

outcomes, synergies, and òwin-winó situations. New 

and existing examples of win-win nZEB business 

models have been analysed during the CRAVEzero 

project and offer advantages to different types of 

stakeholders (e.g., planners, developers, construction 

companies, and users) while positively contributing 

to the environment and society.  

 

See also CRAVEzero Report: òTypology canvas of 
business modelsó and òReport describing nZEB 
business modelsó for detailed information. 

 Select optimal nZEB 

technical solution sets 

To realize cost-efficient nZEBs for all 

stakeholders throughout the life cycle, 

knowledge of the most important technical solution 

sets and their associated costs is essential. 

Cost-effectively implementing comprehensive 

solution sets (based on key industrialized 

components and renewable energy systems) into the 

design and construction process poses major 

challenges. The CRAVEzero approach has identified 

technical and life-cycle cost-reduction potentials for 

each nZEB technology set to define robust solution 

sets based on industrialized multifunctional building 

components that are easy and flexible to produce, 

install, and maintain.  

 

See also CRAVEzero reports: òGuideline II: nZEB 

technologiesó and òOptimized nZEB solution setsó 

for detailed information. 

 

 Conduct life-cycle cost 

(LCC) analysis  

According to ISO 15686-5:2008, the life-

cycle cost of a building is the net present 

value, which is the sum of the discounted costs and 

revenue streams during the selected phase of the life 

cycle. The life-cycle phases generally included in the 

assessment are the cost of initial investment (design 

and construction), cost for operation and 

maintenance, and end-of-life residual value. 

This methodology has the advantage of transparency 

in the operational phase, an awareness of total costs, 

and the possibility to reduce costs during the design 

phase. This approach: 

¶ balances the cost of ownership and occupation, 

analyses initial investment and running cost; 

¶ assesses risks and costs associated with 

maintenance/ replacement due to failure; and 

¶ supports sustainable decisions. 

Furthermore, the LCC calculation can be adopted to 

compare building variants, alternative technology 

sets, or mutually replaceable design alternatives.  

 

This is illustrated in the CRAVEzero report: 

òSpreadsheet of LCC.ó 
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 Quantify co-benefits for 

nZEBs 

It is essential to quantify the added value of 

green buildings and their impact on life-cycle 

costs. The objective is to present new 

business advantages and opportunities to potential 

investors that transcend technical performance 

analysis. Co-benefits include increased productivity, 

improved health, publicity value, higher renting 

potential, reduced employee turnover, and reduced 

absenteeism.  

See CRAVEzero report: òFramework for co-benefit 

analysis.ó 

 Learn from frontrunners 

and avoid pitfalls and 

bottlenecks 

Due to unclear requirements and technological 

ambiguity, there are cost and time constraints in the 

construction of nZEBs and plus-energy buildings 

alike. The CRAVEzero project showcases model 

nZEB projects, which have been realized in a cost-

efficient way and future projects may adapt to avoid 

pitfalls and bottlenecks. 

 

Three CRAVEzero reports on òParametric models 

for buildings and building clustersó analyse these 

exemplary buildings. 

 Consolidate all insights 

from business case studies.  

The goal was to develop an effective 

methodology to achieve the best conditions 

for cost-optimised nZEBs by exploring the 

concept of integrating nZEB technologies and 

business models into the entire planning, 

construction, and operation process. The generation 

and evaluation of innovative business models is also 

part of the study of nZEBs. To generate new 

business models, it is necessary to identify which 

types already exist in the markets and what makes 

them successful or inconsistent. 

See CRAVEzero reports òDatabase of all found 

services and business modelsó and òGuideline III: 

nZEB Business models.ó 

 

 

 
 

Figure 9: The fundamentals of nZEB design and the CRAVEzero methodology. 
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nZEBs ς BARRIERS AND CHALLENGES 

Over the course of the 2018 ISEC Conference in Graz, Austria and within national implementation working 

groups in Germany and Italy, a survey of planners, researchers and contractors (200 participants) was 

conducted. Drawing on the varied professional experiences, the survey inquired about challenges witnessed 

in the implementation of nZEBs, what is needed to make them more marketable, and how they add value to 

society. The results of the survey are ordered according to their importance in descending order. 

What are the main challenges barriers to realizing nZEBs? 

1. Investment costs are higher on average 

2. Additional effort is required to understand, apply, and qualify for the nZEB standard/Integrated 

planning requires more effort and communication 

3. Processes and responsibilities are unclear among stakeholders 

4. Lack of communication/documentation/collaboration among stakeholders 

5. Mismatch between renewable energy generation and demand 

6. Lack of knowledge about technologies and costs/Concern about high maintenance costs of nZEBs 

7. Higher investment costs must be disbursed on a resale of the building (investorsõ or real estate agentsõ 

models often do not consider energy) 

8. Too many regulations and standards/Lack of support from authorities/Financial value of subsidies 

often unclear 

9. Lack of communication or documentation 

10. Lack of knowledge of optimal solution sets/Over-dimensioning of HVAC systems 

11. Falling nZEB technology prices (especially for batteries and PV) can lower value of capital invested 

What is needed for the market uptake of nZEBs? 

1. Strengthened binding legal requirements 

2. Earlier collaboration within the planning team 

3. More technological know-how 

4. Robust life-cycle costs of nZEB technologies 

5. The necessary skills and experience for construction among stakeholders 

What is the added value of building nZEBs? 

1. Climate protection and environmental savings 

2. Increased future property value  

3. Greater independence from future energy price increases/energy autonomy 
4. High indoor air quality/health benefits 
5. Reduced energy costs 
6. Reduced total cost of ownership, net monthly cost of living, and life-cycle costs 
7. Potentially higher resale value 
8. Property is prepared for legislative restrictions and carbon emission penalties 
9. Better reputation and good image building 

10. nZEB-related national funding opportunities
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1.3.  CRAVEZERO PINBOARD  

An interactive web-based structured framework to build effective low life cycle cost 

nZEBs:  http://pinboard.cravezero.eu/ 

 

Figure 10: The CRAVEzero Pinboard ð pinboard.cravezero.eu. 

 

 

The CRAVEzero pinboard is a structured 

framework organizing all required information and 

tools to establish: 

 

 An effective low LCC nZEB business model, 

 Reliable LCC databases outlining the cost 

reduction potential for processes, 

 Robust technologies, methodologies, and 

solutions for low LCC nZEBs. 

 

The outcomes of the CRAVEzero project have been 

condensed in the pinboard, which can be considered 

the backbone of the CRAVEzero project. It allows 

the design and construction approach to new nZEBs 

to be altered based on the tools and solutions 

developed. A brief overview of the pinboardõs main 

features is required to better understand the 

prototypical implementations carried out by project 

partners (see the report on the òCRAVEzero 

pinboardó for a complete description). 

 

pinboard. 

cravezero.eu 
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Figure 11: Pinboard landing page on CRAVEzero website (pinboard.cravezero.eu). 

All the steps mentioned in the CRAVEzero methodology in the previous chapter have been translated into 

an interactive modular set of nine web-tools, which are free to use and modify on the CRAVEzero pinboard 

illustrated in Figure 12. 

 

  

Figure 12: CRAVEzero method concerning the pinboard. 

 

Business Model Canvas  

A lean startup template for 

developing new or documenting 

existing nZEB business models. 

This a tool to understand a 

business model in a 

straightforward and structured way. It offers the 

possibility to browse existing business models or to 

create new ones from scratch. The business model 

repository contains over 70 existing nZEB business 

models in which the life-cycle phases are indicated. 

The information on each business model is displayed 

according to the Osterwalder Business Model Canvas 

structure: a visual chart with elements describing a 

company's or product's value proposition, 

infrastructure, customers and finances. 

 

 
 

Case-study dashboard ð Frontrunners  

The idea of this interactive 

dashboard is to allow pinboard 

users to dig into the data, gain 

insights, and look for optimal 

solutions based on the 

CRAVEzero case studies. The 

web report is highly interactive and highly 
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customizable. Within the dashboard, users can add 

and remove data, change visualization types, and 

apply filters to thousands of technical variants and 

life-cycle costs. 

 
 

Process Map 

A process tool that enables the 

project team to integrate 

additional actions in their own 

planning, construction and 

execution routines to achieve 

the nZEB standard. It gives an initial overview of the 

complexities of doing so. In the interactive process 

map, stakeholders can display individual nZEB To-

Do items or see which tasks other project 

participants have. The whole process is divided into 

urban planning, planning, building construction, 

utilization, and end-of-life steps. Action items and 

bottlenecks can be displayed for the owner/user, 

municipalities, the integrated planning team, and 

construction companies. 

 
 

Life Cycle Tracker 

An electronic document that 

can be easily adapted to the 

specific needs of any 

practice, team, or project. It 

organizes the processes of 

briefing, designing, constructing, maintaining, 

operating and using building projects into several 

key stages. It details the tasks and outputs required 

at each stage, which may vary or overlap to suit 

specific project requirements. It is a web tool and 

downloadable spreadsheet, containing customizable 

tables allowing easy creation of the project roles, 

design responsibility matrix and multidisciplinary 

schedules of services. 

Life Cycle Management 

An online tool which allows a 

nZEB project to be tracked 

and managed throughout the 

whole life cycle. 

 

 

 
 

Life cycle cost tool 

A tool for LCC calculation 

was developed and is 

available in two versions: a 

full version with all 

functionalities and a limited 

online version to make a 

preliminary LCC calculation. The data collection 

within the tool is organized following the LCC 

structure introduced by the standard, ISO 15686-

5:2017. Furthermore, the source used to structure the 

construction costs is the European Code of 

Measurement elaborated by the European 

Committee of Construction Economists. The 

analysis of maintenance costs of heating, ventilation, 

and air conditioning (HVAC) systems is based on 

standard values from EN 15459:2018, which 

provides annual maintenance costs for each element, 
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including operations, repair, and service, as a 

percentage of the initial construction cost. The 

lifespan for system replacement is also provided by 

the standard. According to ISO 15686-5:2017, the 

LCC deals with activities connected to the design, 

construction, and operation of the building. End-of-

life costs have not been implemented in the tool yet. 

The Whole-Life Cost (WLC) includes the non-

construction cost (e.g., cost of land enabling 

activities) and the fees required to set up the building 

from a technical and administrative standpoint. 

 

 

A summary of all pinboard tools and their respective stakeholder target groups is shown in Figure 13. 

 

 

 

Figure 13: CRAVEzero pinboard ð Web Tools (modules) and target group. 
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1.4.  EU IMPLEMENTATION OF nZEBS  

The 2010 Energy Performance of Building Directive (EPBD 2010/31/EU), the Energy 

Efficiency Directive (EED 2012/27/EU), and the Renewable Energy Directive (RED 

2014/53/EU) represent the key regulatory framework adopted at the European 

level to promote and support the market uptake of nZEBs in Europe. 

Article 9 of the EPBD sets the timeline for the implementation of the nZEB definition: all new public 

buildings after 1st January 2019 and all private buildings after 1st January 2021 must reach the nZEB target. 

Figure 15 summarises the main measures promoted by the three directives. The EPBD does not provide 

minimum or maximum harmonized requirements for nZEBs but it notes that very high emergency 

performance and demand must be covered (to a very significant extent) by energy from renewable sources. 

The analysis of definitions/ specified requirements shows how the countries chose different approaches and 

system boundaries. In most cases (e.g., the CRAVEzero countries), the requirements are set at a single-

building level and include targets for new and renovated buildings, both public and private. The balance 

period to calculate the building energy performance and normalization factors is generally homogeneous 

among member states: one year and the conditioned floor area, respectively.  

 

 Figure 14: Isola Nel Verde ð Moretti. 
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Figure 15. Key elements of European Directives (EED, EPBD and RED). 

Cost optimality 

The EPBD stated that the achievement of high performance in nZEBs must be compatible with the cost 

optimality assessment. The idea is that the building design, from an envelope to technical systems, has to offer 

energy-efficient solutions at minimal life-cycle cost. 

 

EU construction market 

To better understand the field of application of the EPBD, an overview of the construction market and the 

European building sector is provided. The objective of the CRAVEzero project is to identify and propose 

solutions while reducing costs associated with nZEB construction (Figure 16). As stated in the ZEBRA 2020 

project, the lack of structured financing schemes and the need to increase professional knowledge of best 

practices are currently the main barriers to the transition to nZEB implementation.

 

Figure 16. Extra costs for nZEB construction versus average cost of new constructions (Pascual et al., 2016). 
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Focus at the national level 

To carry out a comparative analysis among countries, 

an overview of the regulatory framework at the 

national level is needed. The countries involved in 

the CRAVEzero project are Austria, Germany, 

France, Italy, and Sweden. 

 

Austria - The ònational planó 

document includes minimum standards 

for four energy indicators: heating demand, primary 

energy demand, CO2 emissions, and a òtotal energy 

efficiency factoró specific to Austria. Guideline 6 of 

the OIB includes requirements for the renewable 

energy share of both new constructions and major 

building renovations. 

 

Germany - The regulatory framework, which 

deals with energy efficiency and renewables 

in buildings, is structured in three parts: the Energy 

Saving Act (EnEG), the Energy Saving Ordinance 

(EnEV), and the Renewable Energy Heat Act 

(EEWärmeG). In several reports to the European 

Commission, the German federal government 

expressed the intention to define the future nZEB 

level based on òKfW efficiency houses,ó a subsidy 

scheme for buildings that exceed current energy-

saving requirements. KfW standards for new 

buildings are not expressed by absolute values, but 

by referencing an existing building to performance 

(calculated using the maximum U-values indicated). 

 

 France - The Thermal Regulation RT2012 

expresses five ways to meet requirements for 

primary energy consumption. Total primary energy 

consumption is defined for heating, cooling, hot 

water production, lighting, ventilation, and any 

auxiliary systems. RT 2012 requires the use of a 

renewable energy source for individual houses.  

 

 Italy - The decree D.M. 26 of June 2015 set 

the requirements for new construction and 

nZEB. As in the case for Germany, the decree 

introduced the reference building (a building with the 

same geometrical configuration and specific values 

for the envelope thermal transmittance as well as 

HVAC system efficiency) to define the maximum 

limit of primary energy.  

 

 Sweden - The Swedish Building Code (BBR) 

defines building energy performance; at the 

beginning of this project BBR 25 (BFS 2017:5) was 

in force. The Swedish regulation sets the 

requirements for building energy consumption, 

indicated by òspecific energy use.ó The Swedish 

regulation does not include a minimum renewable 

energy requirement.  

 
Comparative analysis 

Since there are no common methodologies, a 

comparative analysis of nZEB targets in the 

CRAVEzero reference countries was carried out by 

simulating the performance of a reference building 

with the Passive House Planning Package (PHPP) 

tool (Feist et al., 2007). The reference building was 

modelled to calculate the nZEB requirements in Italy 

and Germany. It is a single-family house 

representative of the EU stock (FP7 project 

òInspireó). Different technical configurations were 

adopted to show the effect of each on the primary 

energy demand, keeping the U-values constant (as 

indicated in the requirements). The four different 

cases simulated in PHPP, using the climate data of 

Italy and Germany, are as follows. 

¶ Case 1: The building has a heat pump for heating 

and domestic hot water (COP=3) but no 

mechanical ventilation. An air change rate at the 

pressurization test (n50) of 4 volumes per hour (4 

1/h) was adopted. This is a standard value with 

no particular focus on airtightness level. 

¶ Case 2: The same building has mechanical 

ventilation with a heat recovery system. 

¶ Case 3: The same building with the maximum air 

change rate for the Passive House Standard and 

high airtightness (0.6 1/h). 

¶ Case 4: The same as case 2 but with the heat 

pump replaced by a gas condensing boiler. 

 

In Figure 17, the primary energy requirements of 

Austria, France, and Sweden are compared with 

those reached by Italy and Germany with their 

reference building in two configurations: case 2 and 

case 4. Figure 18 shows how the installation of a 

ventilation system results in a reduction of 10.1% of 

the primary energy demand in case 2. A building 
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design with special attention to airtightness permits a 

further reduction of 9.8% of primary energy (case 3). 

The primary energy demand in case 4 is 28.7% higher 

than with a heat pump. 

 

 

Figure 17. Primary energy demand for heat pump and gas condensing 
boiler in CRAVEzero countries. 

 

Figure 18. Primary energy demand for the reference building in 
Germany and Italy with different technical systems. 
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2.  CRAVEZERO CASE STUDIES  

As part of the ǇǊƻƧŜŎǘΩs backbone, 12 case studies have been selected and 

analysed in terms of Life Cycle Costs. Industry Partners provided information on 12 

existing reference buildings considered representative of the current best practices 

in the construction of new nZEBs. The Industry Partners participated in the design, 

construction, or operational phase of the buildings, and thus have access to 

detailed relevant data. These case studies include both residential and office 

buildings and are located in the CRAVEzero countries: Italy, France, Germany, 

Sweden, and Austria. 

 

 

2.1.  KEY PERFORMANCE INDICATORS  

Key Performance Indicators (KPIs) were 

introduced to measure the building performance 

and provide easily accessible information on the 

topic. Within the CRAVEzero project, a set of KPIs 

provides a comprehensive evaluation of nZEB 

costs/ performances and introduces reference 

benchmarks for nZEBs in the EU. 

The list of KPIs was defined through a selection 

starting from a pre-defined set of indicators taken 

from literature and relevant research projects 

dealing with the building performance evaluation. 

The list was submitted to project partners with the 

request to rate the KPIs on a scale of 1-3 (ò3 - very 

interesting,ó ò2 ð interesting,ó and ò1 - not 

interestingó). According to the ranking, KPIs with 

an average score from 2 to 3 were included in the 

final list. Table 1 reports the selected indicators. 

 

Table 1: List of selected KPIs (rated according to importance) 

RATING  KPI    RATING  KPI  

3 LCC/usable floor surface  2.4 Cooling energy demand for cooling 

2.8 Investment cost/usable floor surface 2.4 Energy demand for hot water production 

2.6 Operation cost/usable floor surface 2.4 Annual renewable energy generation 

2.6 Renewable energy share  2.2 Maintenance cost/usable floor surface 

2.6 PV annual electricity yield  2.2 Maintenance cost/investment cost 

2.6 Annual CO2 emissions   2.2 Final energy consumption  

2.5 Life cycle CO2 emissions  2.2 Specific heating demand 

2.4 LCC    2.2 Specific cooling energy consumption 

2.4 WLC    2.2 Specific hot water energy consumption 

2.4 Investment cost   2.2 Specific electricity energy demand 

2.4 Operation cost   2 LCC/renewable energy installed capacity 

2.4 Maintenance cost   2 Operation cost/PV energy production 

2.4 Primary energy consumption  2 Electricity energy demand 

2.4 Heating demand for heating  2 Energy demand for ventilation 
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2.2.  LCC CALCULATION METHOD  

 

  

Figure 19. Life cycle cost approach 

 

The ISO 15686-5:2008 provides the main principles 

and features of an LCC calculation, while the 

European Code of Measurement is the EU-

harmonised structure that breaks down the building 

elements, services, and processes, in order to 

comprehensively evaluate its life costs in this study. 

According to the aforementioned ISO standard, the 

LCC of a building is the Net Present Value (NPV): 

the sum of the discounted costs, revenue streams, 

and value during the selected phases of the life cycle.  

The NPV is calculated as follows: 

 

ὢ
ὅ

ρ Ὠ
 

 

C: costs incurred 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). 

Figure 20 shows the main references adopted for the 

LCC calculation. Construction, operation, and 

maintenance phases were considered whereas end-

of-life stage was discarded, as the analysed period is 

40 years ð less than an average building lifespan. 

The LCC calculation was implemented in two steps: 

first, the analysis of the 12 case studies coming from 

project partners and secondly, the parametric 

analysis.
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Figure 20. Main references. 

Assumptions and Boundary Conditions 

This section is divided into two parts since different 

approaches were adopted for the LCC calculation 

during the project, although the construction costs 

were provided by the project partners in both cases. 

The buildings were already constructed, and real cost 

data was available. 

First, for calculating future costs, including annual 

energy and maintenance costs, over a 40 year 

lifespan, an average interest rate of 1.51% for the 

period from 2009 to 2016 (years of construction of 

the oldest and the most recent case study) was 

adopted. General inflation was not taken into 

account since this parameter influences all case 

studies the same way. 

Second, the costs for the varied technologies and 

building elements were also directly provided by the 

project partners. If necessary, assumptions were 

made according to the CRAVEzero database. All 

costs are reported as "net costs" (excluding VAT). 

Land and excavation costs were taken into account. 

The buildings are located in Austria, France, Italy, 

Germany and Sweden, so climate data files were 

generated with Meteonorm 7.1.8.29631. As 

mentioned above, the economic evaluation of the 

variants is based on an observation period of 40 

years. This observation period was chosen because it 

is a feasible duration for private housing as well as 

property developers. As a financing scheme, a bank 

loan was chosen with a credit period 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 2 %, and the discount rate of the used capital 

investment was 3 % as can be seen in Table 2. All these 

values were taken from the CRAVEzero LCC tool 

(see also the òSpreadsheet with LCCsó for the 

different technical maintenance costs and lifespans 

of components. Individual parameters concerning 

costs were evaluated in consideration of the 

following items: total costs, financing costs, energy 

costs (including basic fees), replacement investments, 

operation costs, maintenance costs, repairs, and 

residual values. The energy costs also account for the 

revenues from electricity generated on the building 

with renewable sources. No additional follow-up 

costs (e.g., administration, insurance, cleaning, 

security services, building services, or demolition 

costs) are included in this report. Rental incomes 

were not taken into account. 
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Table 2: 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 

Bank credit interest rate  3 % 

 

Operational Costs 

The PHPP evaluation tool was used to provide a 

homogeneous estimation of the energy costs (based 

on the calculated energy demand).  To estimate both 

the costs and revenues (due to the renewables 

installed), the energy produced from renewables is 

considered in the energy balance as a positive 

contribution to energy consumption from which 

renewables have been discounted from energy costs.

 

Energy Prices and Price Increase 

Based on the energy demand calculated in PHPP of 

each variant, the resulting energy cost of each carrier 

was determined based on final energy consumption. 

If PV is 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. The electricity prices were provided by 

the partners and are reported in Table 3. The overall 

annual energy costs were determined based on final 

energy consumption and the associated energy 

prices. The resulting life cycle cost accounted for 

energy price increase over the observation period by 

an annual percentage (Table 4).  

 

Table 3: Energy prices as boundary conditions of the economic efficiency calculation 

ENERGY CARRIERS AUSTRIA FRANCE ITALY  SWEDEN UNIT  

Natural Gas 0.060 0.086 0.095 0.125 EUR/kWh 

Electricity  0.187 0.146 0.216 0.220 EUR/kWh 

District heating 0.090 Not applicable 0.100 0.090 EUR/kWh 

Wood pellets 0.050 Not applicable 0.070 0.050 EUR/kWh 

PV feed-in tariff 0.048 0.060 0.070 0.060 EUR/kWh 
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Table 4: Energy price and feed-in tariffs in the four levels of the parameter ăsensitivityò 

 LEVEL 1: 

STANDARD 

LEVEL 2: HIGH  LEVEL 3: LOW LEVEL 4: 

DEFAULT  

Energy price increase per 

year 

1.0 % 2.0 % 0.5 % 0 % 

Increase of PV feed-in tariff 

per year 

1.7 % 2.7 % 0.7 % 0 % 

 

Maintenance costs 

Maintenance costs were determined as a fraction of 

the initial investment costs per year. The parameters 

are not covered in the case studies but were decided 

using the CRAVEzero database. The most important 

building elements are listed in Table 5. 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 managers. The analysis is 

based on standard values from EN 15459:2018, 

which provides yearly maintenance costs for each 

element, including operation, repair, and service, as a 

percentage of the initial construction cost.

 
Table 5: Summary of the most significant maintenance costs and maintenance intervals 

POSITION  ACTIVITY  INTERVAL  SHARE OF 

INVESTMENT 

COSTS  

UNIT  

Exterior wall Maintenance Annually 1.5  % EUR/a 

Floor construction Maintenance Annually 1.5  % EUR/a 

Flat roof construction Maintenance Annually 1.5  % EUR/a 

Windows and doors Maintenance Annually 1.5  % EUR/a 

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

Air distribution system Cleaning and 

maintenance 

Annually 6.0  % EUR/a 

District heating transfer station  Maintenance Annually 3.0  % EUR/a 

Ground source heat pump Maintenance Annually 3.0  % EUR/a 

Air heat pump Maintenance Annually 3.0  % EUR/a 

Thermal collectors Maintenance Annually 1.0  % EUR/a 

PV system  Maintenance Annually 1.0  % EUR/a 

Replacement and renewal 

The replacement of the construction components is 

necessary, especially for active components, which 

are typically renewed several times during the lifetime 

of the building. The components 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. This report uses an observation period 

of 40 years, which is a relatively low expected lifetime 

for the building envelope. The building elements 

with a lifespan lower than the observation period 

were reinvested, and the remaining residual value was 

deducted after the observation period. Note: The 

end-of-life analysis was not included in the 

parametric energy and cost calculations.
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Table 6: Technical lifetime of prototypical nZEB elements 

POSITION  TECHN. 

LIFETIME 

(YEARS)  

POSITION  TECHN. 

LIFETIME 

(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 

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   
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2.3.  CRAVEZERO CASES  

DEMO CASE 1: òSOLALLÉNó ð SKANSKA 

 

 

 

 

Solallén is well insulated building 

complex using 50% less energy than 

Swedish code requirements. Its 

photovoltaic system and geothermal 

heating and cooling systems have led to 

a net zero primary energy balance. 

 

Architect: Tengbom Net floor area: 1670 m2 

Energy concept: Net ZEB Primary Energy Demand: 129 kWh/(m2a) 

Location: Helsingborg (Sweden) Key technologies: well insulated and airtight, balanced 

ventilation with heat recovery, ground source heat pump, 

photovoltaics. 

Construction Date: 2012 

 

INVESTMENT COSTS 

   

 

INVESTMENT COSTS DESIGN COSTS 
BUILDING SITE  

MANAGEMENT 
CONSTRUCTION COSTS 

3,124,250 û 300,000 û 260,000 û 2,564,250 û 
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LCC: 2.261 ú/m² 
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LIFE CYCLE COSTS 

 

 

WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGY (40) RES/LCC 

5,686,608 û 1,025,769 û 33% 4,726,708 û 576,689 û 3% 

   

BREAKDOWN OF THE UNITARY LCC 

  
  
  
  
  
  
  
  
  
LCC (40) 
2251 
û/m2 
  
  
  
  
  
  
  
  
  
  
 
 
 

  
  
  
  
Investment 
1488 û/m2 
  
  
  
  

Design 
143  û/m2 
  
  
  

Preliminary   28 û/m2   

   Definitive 115 û/m2   
Executive     0 û/m2   
  
Materials 
610 û/m2 
  

Building Elements 361û/m2 
Building Services 162û/m2 

Construction 
1221 û/m2 
  
  

RES   43û/m2 
Other 
43 û/m2 
  
  
  
  

Labour 

611 û/m2 
Building site management 124 û/m2 

  
  
  
  
Operation 
763 û/m2 
  
  
  

  
  
Energy 
275 û/m2 
  

  
Consumed 
296 û/m2 
  

Heating 105û/m2 
Cooling    3 û/m2 
DHW   36û/m2 
Household el.+ aux.    152û/m2 

Produced 
21 û/m2 

  
 

Maintenance 
488 û/m2 
  

Envelope 162 û/m2   
HVAC 269 û/m2   
RES   45 û/m2 

 
  
   Other 13 û/m2    
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DEMO CASE 2: òISOLA NEL VERDE Aó ð MORETTI 

  

 

 

The apartments are heated by radiant floor 

panels, and the conditioning is supplied by a 

fan coil plant. Moreover, the insulated green 

roof reduces the cooling demand. The 

energy is supplied by a geothermal heat 

pump for heating and cooling. Photovoltaic 

and solar thermal panels 

 

 

Architect: Studio Associato Eureka 
 

Energy concept: cogeneration system, geothermal heat 

pump photovoltaic and solar thermal panels supply 

Primary Energy Demand: 255 kWh/(m2a) 

Location: Milan (Italy) Key technologies: cogeneration system, geothermal 

heat pump, photovoltaic and solar thermal panels. Net floor area: 1,409 m2 

 

  

General  

Information 

LCC: 3.709 ú/m² 

Invest: 1.816 ú/m² 

CO2: 50.6 kg/m² 

PE:255 kWh/(m
2
a) 
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LIFE CYCLE COSTS 

 
 

WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGY (40) RES/LCC 

6,064,420 û 2,096,987 û 71% 6,062,392 û 997,028 û -% 

   

LCC UNITARY BREAKDOWN 

  
  
  
  
  
  
  
  
  
LCC (40) 
3709 
û/m2 
  
  
  
  
  
  
  
  
  
 
 
 

  
  
  
  
Investment 
1816 û/m2 
  
  
  
  

Design 
-  û/m2 
  
  
  

Preliminary     - û/m2   

Definitive     - û/m2   
Executive     - û/m2   
  
Materials 
1124 û/m2 
  

Building Elements 816û/m2 
Building Services 396û/m2 

Construction 
1816 û/m2 
  
  

RES      -û/m2 
Other 
520 û/m2 
  
  
  
  

Labour 

83 û/m2 
Building site management - û/m2 

  
  
  
  
Operation 
1893 û/m2 
  
  
  

  
  
Energy 
610 û/m2 
  

  
Consumed 
610 û/m2 
  

Heating 202û/m2 
Cooling  51 û/m2 
DHW 158û/m2 
Household el.+ aux.    232û/m2 

Produced 
16 û/m2 

  
 

Maintenance 
1283 û/m2 
  

Envelope 366 û/m2   
HVAC 762 û/m2   
RES     - û/m2 

 
  
   Other 155 û/m2    
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DEMO CASE 3: òISOLA NEL VERDE Bó ð MORETTI 
 

LIFE CYCLE COSTS 

 
 

WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGY (40)  

7,109,995 û 2,451,070 û 72% 7,109,995 û 1,273,348 û  

   

BREAKDOWN OF THE UNITARY LCC 

  
  
  
  
  
  
  
  
  
LCC (40) 
3513 
û/m2 
  
  
  
  
  
  
  
  
  
 
 
 

  
  
  
  
Investment 
1673 û/m2 
  
  
  
  

Design 
-  û/m2 
  
  
  

Preliminary     - û/m2   

Definitive     - û/m2   
Executive     - û/m2   
  
Materials 
1593 û/m2 
  

Building Elements 789û/m2 
Building Services 384û/m2 

Construction 
1673 û/m2 
  
  

RES      -û/m2 
Other 
420 û/m2 
  
  
  
  

Labour 
80 û/m2 

Building site management - û/m2 
  
  
  
  
Operation 
1840 û/m2 
  
  
  

  
  
Energy 
629 û/m2 
  

  
Consumed 
642 û/m2 
  

Heating 205û/m2 
Cooling  44 û/m2 
DHW 157û/m2 
Household el.+ aux.    237û/m2 

Produced 
13 û/m2 

  
 

Maintenance 
1211 û/m2 
  

Envelope 353 û/m2   
HVAC 732 û/m2   
RES     - û/m2 

 
  
   Other 125 û/m 2    
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DEMO CASE 4: òASPERN IQó ð ATP SUSTAIN 

 

 

The building was designed in line with 

plus energy standards. The energy 

demand of the building has actively been 

lowered by design measures such as a 

balanced glazing percentage, the highly 

insulated thermal envelope, optimized 

details for reduced thermal bridges and 

an airtight envelope. 

 

Architect: ATP Wien Net floor area: 8817 m2 

Energy concept: Renewable power, environmental heat, 

and waste heat 

Primary Energy Demand: 58 kWh/(m2a) 

Location: Vienna (Austria) Key technologies: Groundwater heat pump, 

photovoltaics, small wind turbine. Construction Date: 2012 
 

INVESTMENT COSTS 

 

 
 

 

INVESTMENT COSTS DESIGN COSTS 
BUILDING SITE  

MANAGEMENT 
CONSTRUCTION COSTS 

9,011,746 û 1,170,000 û 343,695 û 7,498,051 û 
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2
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LIFE CYCLE COSTS 

  

WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGY (40) RES/LCC 

18,594,121 û 5,041,073 û 56% 15,357,856 û 1,305,038 û 2% 

   

BREAKDOWN OF THE UNITARY LCC 

  
  
  
  
  
  
  
  
  
LCC (40) 
1446 
û/m2 
  
  
  
  
  
  
  
  
  
  
 
 
 

  
  
  
  
Investment 
848 û/m2 
  
  
  
  

Design 
110  û/m2 
  
  
  

Preliminary    9 û/m2   

Definitive     - û/m2   
Executive 101 û/m2   
  
Materials 
538 û/m2 
  

Building Elements 360û/m2 
Building Services 127û/m2 

Construction 
706 û/m2 
  
  

RES   33û/m2 
Other 
19 û/m2 
  
  
  
  

Labour 

167 û/m2 
Building site management  19  û/m2 

  
  
  
  
Operation 
597 û/m2 
  
  
  

  
  
Energy 
123 û/m2 
  

  
Consumed 
195 û/m2 
  

Heating 50 û/m2 
Cooling  1 û/m2 
DHW  21 û/m2 
Household el.+ aux.    123û/m2 

Produced 
72 û/m2 

  
 

Maintenance 
475 û/m2 
  

Envelope 161 û/m2   
HVAC 268 û/m2   
RES   40 û/m2 

 
  
   Other 6 û/m2    
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BREAKDOWN OF THE LIFE CYCLE COST

Maintenance other
Maintenance RES
Maintenance building services
Maintenance building elements
Energy consumed
Other
RES
Building services
Building elements
Building site
Executive design
Definitive design
Preliminary design

0%

20%

40%

60%

80%

100%

ENERGY &
MAINTENANCE

Maintenance

Energy produced

Energy consumed

TOTAL 

LCC 

1446ú/mĮ 

LCC over 

40 years 



 

 

 

48 CRAVEzero 

DEMO CASE 5: òV LA G¡RDó ð SKANSKA 

 

 

 

Väla Gård is Skanska's largest green 

project to date. Its aim is for the office 

building to be a zero-energy or energy-

plus building. In other words, the 

building should produce at least as much 

energy as it consumes (for heating, 

cooling, and utilities) over one year.  

 

Architect: Tengbom Net floor area: 1670 m2 

Energy concept: Net ZEB Primary Energy Demand: 119 kWh/(m2a) 

Location: Helsingborg (Sweden) Key technologies: well insulated and airtight, balanced 

ventilation with heat recovery, ground source heat pump, 

photovoltaics 

Construction Date: 2012 

 

INVESTMENT COSTS 

   

 

INVESTMENT COSTS DESIGN COSTS 
BUILDING SITE  

MANAGEMENT 
CONSTRUCTION COSTS 

3,229,744 û 319,000 û 228,650 û 2,955,474 û 

9%

54%

30%

7%

INVESTMENT COST

Design Materials Labor Building site

0%

20%

40%

60%

80%

100%

DESIGN

Definitive Design
Preliminary Design

0%

20%

40%

60%

80%

100%

MATERIALS & 
LABOUR

Materials Labor

General  

Information 

LCC: 2.812 ú/m² 

Invest: 1.653 ú/m² 

CO2: 25.4 kg/m² 

PE:119 kWh/(m
2
a) 
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LIFE CYCLE COSTS 

  

WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGY (40) RES/LCC 

5,514,214 û 1,961,305 û 61% 5,104,214 û 141,815 û 5% 

   

BREAKDOWN OF THE UNITARY LCC 

  
  
  
  
  
  
  
  
  
LCC (40) 
2812û/m2 
  
  
  
  
  
  
  
  
  
  
 
 
 
 

  
  
  
  
Investment 
1653 û/m2 
  
  
  
  

Design 
25 û/m2 
  
  
  

Preliminary 151 û/m2   

Definitive     - û/m2   
Executive 126 û/m2   
  
Materials 
1012 û/m2 
  

Building Elements 473û/m2 
Building Services 403û/m2 

Construction 
1628 û/m2 
  
  

RES   70û/m2 
Other 
100 û/m2 
  
  
  
  

Labour 

592 û/m2 
Building site management - û/m2 

  
  
  
  
Operation 
1159 û/m2 
  
  
  

  
  
Energy 
78 û/m2 
  

  
Consumed 
190 û/m2 
  

Heating 64 û/m2 
Cooling  12 û/m2 
DHW   6 û/m2 
Household el.+ aux.    114û/m2 

Produced 
112 û/m2 

  
 

Maintenance 
1081 û/m2 
  

Envelope 212 û/m2   
HVAC 750 û/m2   
RES   71 û/m2 

 
  
   Other  48 û/m2    
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BREAKDOWN OF THE LIFE CYCLE COST
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Maintenance
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Energy consumed

TOTAL 

LCC 

2812ú/mĮ 

LCC over 

40 years 



 

 

 

50 CRAVEzero 

DEMO CASE 6: ò I.+R. HEADQUARTERSó ð ATP SUSTAIN 

 

 

 

The building has been designed to 

obtain the LEED Certification. It is 

notable for its high comfort levels, 

high-quality daylight, renewable 

energies (heat pumps, geothermal heat, 

and photovoltaic plant), compact 

building form, recycled materials, and 

use of timber as a natural material. 
 

Architect: Dietrich Untertrifaller Architekten Net floor area: 2759 m2 

Energy concept: - Primary Energy Demand: 169 kWh/(m2a) 

Location: Lauterach (Austria) Key technologies: Reversible geothermal heat pump. 

Construction Date: 2011-2013 
 

INVESTMENT COSTS 

  

 

 

INVESTMENT COSTS DESIGN COSTS 
BUILDING SITE  

MANAGEMENT 
CONSTRUCTION COSTS 

7,262,882 û 1,091,910 û 16,800 û 6,154,172 û 

 

15%
85%

INVESTMENT COST

Design Materials Building site

0%

20%

40%

60%

80%

100%

DESIGN

Esecutive design
Definitive Design
Preliminary Design

General  

Information 

LCC: 4.267 ú/m² 

Invest: 2.252 ú/m² 

CO2: 47.2 kg/m² 

PE:169 kWh/(m
2
a) 
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LIFE CYCLE COSTS 

 
 

WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGY (40)  

13,928,047 û 4,620,016 û 64% 13,762,717 û 1,879,819 û  

   

BREAKDOWN OF THE UNITARY LCC 

  
  
  
  
  
  
  
  
  
LCC (40) 
4267û/m 2 
  
  
  
  
  
  
  
  
  
  
 
 
 

  
  
  
  
Investment 
2252 û/m2 
  
  
  
  

Design 
339 û/m2 
  
  
  

Preliminary  63 û/m2   

Definitive 138 û/m2   
Executive 138 û/m2   
  
Materials 
1012 û/m2 
  

Building Elements 1332û/
m2 Building Services 435û/m2 

Construction 
1908 û/m2 
  
  

RES   70û/m2 
Other 
141 û/m2 
  
  
  
  

Labour 
 

Building site management 5 û/m2 
  
  
  
  
Operation 
2015 û/m2 
  
  
  

  
  
Energy 
583 û/m2 
  

  
Consumed 
583 û/m2 
  

Heating 111û/m2 
Cooling   1 û/m2 
DHW   1 û/m2 
Household el.+ aux.    
486û/m2 Produced 

- û/m2 
  
 

Maintenance 
1432 û/m2 
  

Envelope 596 û/m2   
HVAC 794 û/m2   
RES     - û/m2 

 
  
   Other  42 û/m2    
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BREAKDOWN OF THE LIFE CYCLE COST

Maintenance RES

Maintenance building services

Maintenance building elements

Energy consumed

RES

Building services

Building elements

Executive design
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ENERGY &
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Maintenance
Energy produced
Energy consumed

TOTAL 

LCC 

4267ú/mĮ 

LCC over 

40 years 



 

 

 

52 CRAVEzero 

DEMO CASE 7: òNH Tiroló ð ATP SUSTAIN 

 

 

 

This is one of the largest residential 

complexes built according to the 

passive house approach in Europe. 

Heating is supplied by a pellet boiler 

and a gas condensing boiler whereby 

approximately 80% of the annual 

energy requirements is covered by the 

pellet boiler. 

 
 

Architect: Architekturwerkstatt DIN A4 Net floor area: 44,959 m2 

Energy concept: Cogeneration unit wood, solar 

thermal energy (DHW), and ventilation with heat 

recovery 

Primary Energy Demand: 77 kWh/(m2a) 

Key technologies: Centralized pellet boiler. 

Location: Innsbruck (Austria)  
Construction Date: 2008-2009 

 

INVESTMENT COSTS 

 

  

 

INVESTMENT COSTS DESIGN COSTS 
BUILDING SITE  

MANAGEMENT 
CONSTRUCTION COSTS 

48,022,514 û 2,358,000 û 634,106 û 45,030,408 û 

5%
94%

1%

INVESTMENT COSTS

Design Materials Building site

General  

Information 

LCC: 1.852 ú/m² 

Invest: 914 ú/m² 

CO2: 16.4 kg/m² 

PE: 77 kWh/(m
2
a) 

 



 

 

 

53 CRAVEzero case studies 

LIFE CYCLE COSTS 

 
 

WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGY (40)  

97,973,382 û 34,824,616 û 73% 97,339,276 û 14,492,145 û  

  
 

BREAKDOWN OF THE UNITARY LCC 

  
  
  
  
  
  
  
  
  
LCC (40) 
1852û/m2 
  
  
  
  
  
  
  
  
  
  
 
 
 

  
  
  
  
Investment 
914 û/m2 
  
  
  
  

Design 
45  û/m2 
  
  
  

Preliminary    - û/m2   

Definitive 45 û/m2   
Executive    - û/m2   
  
Materials 
857 û/m2 
  

Building Elements 675û/m2 
Building Services 178û/m2 

Construction 
857 û/m2 
  
  

RES     - 
û/m2 Other 

   4 û/m2 
  
  
  
  

Labour 
  - û/m2 

Building site management 12 û/m2 
  
  
  
  
Operation 
938 û/m2 
  
  
  

  
  
Energy 
276 û/m2 
  

  
Consumed 
276 û/m2 
  

Heating 25 û/m2 
Cooling    - û/m2 
DHW  39 û/m2 
Household el.+ aux.   203 
û/m2 Produced 

  - û/m2 
  
 

Maintenance 
663 û/m2 
  

Envelope 302 û/m2   
HVAC 359 û/m2   
RES    -  û/m2 

 
  
   Other 1 û/m2    
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BREAKDOWN OF THE LIFE CYCLE COST

Maintenance RES

Maintenance building services

Maintenance building elements

Energy consumed

RES

Building services

Building elements

Executive design
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ENERGY & 
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Maintenance

Energy consumed

TOTAL 

LCC 

1852ú/mĮ 

LCC over 

40 years 



 

 

 

54 CRAVEzero 

DEMO CASE 8: òGREEN HOMEó ð BOUYGUES 

 

 

 

Green Home is a plus-energy 

residential building, which operates 

without heating and cooling systems, 

thanks to a bioclimatic approach and a 

well insulated envelope close to the 

passive house standard (external 

insulation, triple glazing, and thermal 

bridge optimization). 
 

Architect: Atelier Zündel Cristea Net floor area: 9267 m2 

Energy concept: Plus-energy residential building Primary Energy Demand: 108 kWh/(m2a) 

Location: Nanterre (France) Key technologies: triple-glazed windows, decentralized 

ventilation with 96% of heat recovery, heat recovery on 

grey water. 

Construction Date: 2016 

 

INVESTMENT COST 

 

  

 

INVESTMENT COSTS DESIGN COSTS 
BUILDING SITE  

MANAGEMENT 
CONSTRUCTION COSTS 

10.189.126 û - û 63.310 û 10.125.816 û 

 

General  

Information 

LCC: 1.069 ú/m² 

Invest: 941 ú/m² 

CO2: 22.1 kg/m² 

PE:108 kWh/(m
2
a) 

 



 

 

 

55 CRAVEzero case studies 

LIFE CYCLE COSTS 

 

 

WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGY (40)  

11.580.243 û 7.205.196 û 71% 11.580.243 û -5.814.079 û  

   

BREAKDOWN OF THE UNITARY LCC 

  
  
  
  
  
  
  
  
  
LCC (40) 
1069 
û/m2 
  
  
  
  
  
  
  
  
  
  

  
  
  
  
Investment 
941 û/m2 
  
  
  
  

Design 
-  û/m2 
  
  
  

Preliminary     - û/m2   

Definitive     - û/m2   
Executive     - û/m2   
  
Materials 
1012 û/m2 
  

Building Elements 660û/m2 
Building Services 203û/m2 

Construction 
935 û/m2 
  
  

RES   24û/m2 
Other 
21 û/m2 
  
  
  
  

Labour 
27 û/m2 

Building site management   6 û/m2 
  
  
  
  
Operation 
128 û/m2 
  
  
  

  
  
Energy 
-537 û/m2 
  

  
Consumed 
296 û/m2 
  

Heating  42 û/m2 
Cooling    8 û/m2 
DHW  31 û/m2 
Household el.+ aux.    
123û/m2 Produced 

736 û/m2 
  
 

Maintenance 
665 û/m2 
 

Envelope 296 û/m2   
HVAC 323 û/m2   
RES   24 û/m2 

 
  
   Other 23 û/m2    

TOTAL 

LCC 

1069ú/mĮ 

LCC over 

40 years 



 

 

 

56 CRAVEzero 

DEMO CASE 9: òLES HÉLIADESó ð BOUYGUES 

 

 

 

This highly compact building is 

connected to the biomass-based urban 

heat network (for the production of 

heating and domestic hot water) 

complemented by solar thermal and 

photovoltaic panels installed on the 

roof. 

 

Architect: Barré - Lambot Net floor area: 4590 m2 

Energy concept: ZEB Primary Energy Demand: 60 kWh/(m2a) 

Location: Angers (France) Key technologies: Well insulated and airtight, balanced 

ventilation with heat recovery, ground source heat 

pump, photovoltaic panels. 

Construction Date: 2015 

 

INVESTMENT COSTS 

   

 

INVESTMENT COSTS DESIGN COSTS 
BUILDING SITE  

MANAGEMENT 
CONSTRUCTION COSTS 

6.180.705 û 434.400 û 222.566 û 5.523.739 û 

General  

Information 

LCC: 1.918 ú/m² 

Invest: 1.145 ú/m² 

CO2: 11.5  kg/m² 

PE: 60 kWh/(m
2
a) 
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LIFE CYCLE COSTS 

  

WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGY (40) RES/LCC 

10.374.736 û 3.296.385 û 53% 10.358.436 û 881.346 û 2% 

   
 

BREAKDOWN OF THE UNITARY LCC 

  
  
  
  
  
  
  
  
  
LCC (40) 
1918 
û/m2 
  
  
  
  
  
  
  
  
  
  

  
  
  
  
Investment 
1145 û/m2 
  
  
  
  

Design 
80 û/m2 
  
  
  

Preliminary 26 û/m2   

Definitive 21 û/m2   
Executive 33 û/m2   
  
Materials 
1023 û/m2 
  

Building Elements 734û/m2 
Building Services 223û/m 2 

Construction 
1023 û/m2 
  
  

RES   39û/m2 
Other 
27 û/m2 
  
  
  
  

Labour 
- û/m2 

Building site management 41 û/m2 

  
  
  
  
Operation 
774 û/m2 
  
  
  

  
  
Energy 
163 û/m2 
  

  
Consumed 
208 û/m2 
  

Heating 71 û/m2 
Cooling   2 û/m2 
DHW  60 û/m2 
Household el.+ aux.    80û/m2 

Produced 
74 û/m2 

  
 

Maintenance 
610 û/m2 
  

Envelope 329 û/m2   
HVAC 204 û/m2   
RES   60 û/m2 

 
  
   Other  18 û/m2 

 

 

 

 

   

TOTAL 

LCC 

1918ú/mĮ 



 

 

 

58 CRAVEzero 

DEMO CASE 10: òRÉCIDENCE ALIZARIó ð BOUYGUES 

 

 

The building is characterized by a 

compact structure with the search for 

optimization of solar gains. The 

external concrete walls were insulated 

from both sides to limit heat loss. The 

building is heated by a collective wood 

boiler combined with air injection. It 

also ensures the production of hot 

water. A photovoltaic system has also 

been installed on the roof. 
 

Architect: Atelier des Deux Anges Net floor area: 2776 m2 

Energy concept: ZEB and PassivHaus Primary Energy Demand: 106 kWh/(m2a) 

Location: Malaunay (France) Key technologies: High-performance, double-flux 

ventilation with heat recovery, centralized wood boiler, 

photovoltaics. 

Construction Date: 2015 

INVESTMENT COSTS 

  

 

 

INVESTMENT COSTS DESIGN COSTS 
BUILDING SITE  

MANAGEMENT 
CONSTRUCTION COSTS 

3.356.341 û 465.400 û 430.961 û 2.459.980 û 

General  

Information 

LCC: 1.987 ú/m² 

Invest: 1.188 ú/m² 

CO2: 27.9 kg/m² 

PE:106 kWh/(m
2
a) 

 



 

 

 

59 CRAVEzero case studies 

LIFE CYCLE COSTS 

  

WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGY (40)  

5.640.310 û 1.699.010 û 51% 5.612.019 û 556.669 û  

  
 

BREAKDOWN OF THE UNITARY LCC 

  
  
  
  
  
  
  
  
  
LCC (40) 
1987 
û/m2 
  
  
  
  
  
  
  
  
  
  
 
 
 

  
  
  
  
Investment 
1188 û/m2 
  
  
  
  

Design 
165 û/m2 
  
  
  

Preliminary 18 û/m2   

Definitive   0 û/m2   
Executive 147 û/m2   
  
Materials 
871 û/m2 
  

Building Elements 552û/m2 
Building Services 186û/m2 

Construction 
871 û/m2 
  
  

RES   29û/m2 
Other 
103 û/m2 
  
  
  
  

Labour 
- û/m2 

Building site management 153 û/m2 
  
  
  
  
Operation 
798 û/m2 
  
  
  

  
  
Energy 
197 û/m2 
  

  
Consumed 
296 û/m2 
  

Heating  21 û/m2 
Cooling  11 û/m2 

DHW  57 û/m2 
Household el.+ aux.   162 
û/m2 Produced 

48 û/m2 
  
 

Maintenance 
601 û/m2 
  

Envelope 247 û/m2   
HVAC 291 û/m2   
RES   32 û/m2 

 
  
   Other 31 û/m2    

      

TOTAL 

LCC 

1987ú/mĮ 



 

 

 

60 CRAVEzero 

DEMO CASE 11: òPARKCARRÉ (HAUPTSTR. 131)ó ð KÖHLER & MEINZER 

 

 

This building consumes 40% less 

energy than the national standard. The 

envelope is highly insulated and airtight. 

Decentralised ventilation systems with 

heat recovery have been installed. 

DHW, heating, and electric energy are 

supplied by gas power and a heat plant 

and a PV system on each building. 

 

Architect: Alex Stern/Gerold Köhler Net floor area: 1,109 m2 

Energy concept: Contracting model for the quarter 

energy supply 

Primary Energy Demand: 67 kWh/(m2a) 

Location: Eggenstein (Germany) Key technologies: Best quality thermal insulation and 

airtight envelope. Decentralized ventilation system with 

heat recovery. 

Construction Date: 2014 

 

INVESTMENT COSTS 

  

 

 

INVESTMENT COSTS DESIGN COSTS 
BUILDING SITE  

MANAGEMENT 
CONSTRUCTION COSTS 

993,531 û 246,820 û - û 746,711 û 

25%

75%

INVESTMENT COST

Design Costruction

0%

20%

40%

60%

80%

100%

DESIGN

Esecutive design

Preliminary Design

General  

Information 

LCC: 1.291 ú/m² 

Invest: 773 ú/m² 

CO2: 10 kg/m² 

PE: 67 kWh/(m
2
a) 
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LIFE CYCLE COSTS 

 
 

WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGY (40) RES/LCC 

1,966,143 û 523,576 û 53% 1,659,470 û 142,363 û 3% 

   

BREAKDOWN OF THE UNITARY LCC 

  
  
  
  
  
  
  
  
  
LCC (40) 
1291û/m2 
  
  
  
  
  
  
  
  
  
  
 
 
 

  
  
  
  
Investment 
773 û/m2 
  
  
  
  

Design 
192 û/m2 
  
  
  

Preliminary  10 û/m2   

Definitive     - û/m2   
Executive 182 û/m2   
  
Materials 
581 û/m2 
  

Building Elements 340û/m2 
Building Services 197û/m2 

Construction 
581 û/m2 
  
  

RES   44û/m2 
Other 
   - û/m2 
  
  
  
  

Labour 
  - û/m2 

Building site management   - û/m2 
  
  
  
  
Operation 
518 û/m2 
  
  
  

  
  
Energy 
111 û/m2 
  

  
Consumed 
313 û/m2 
  

Heating  73 û/m2 
Cooling  11 û/m2 

DHW  46 û/m2 
Household el.+ aux.    
183û/m2 Produced 

202 û/m2 
  
 

Maintenance 
407 û/m2 
  

Envelope 152 û/m2   
HVAC 209 û/m2   
RES   46 û/m2 

 
  
   Other - û/m2    
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62 CRAVEzero 

DEMO CASE 12: òMOREó ð MORETTI 

 
 The envelope and all the equipment have 

been designed with the aim of achieving 

high performance. Therfore thermal 

equipment consists of an air-water heat 

pump, distribution through a floor 

heating system, and balanced ventilation 

with heat recovery. In summer, a natural 

chimney activates air circulation inside 

the house. 
 

Architect: Valentina Moretti Net floor area: 128 m2 

Energy concept: Heat pump and condensing 

boiler, solar heating panel 

Primary Energy Demand: 135 kWh/(m2a) 

Location: Lodi (Italy) Key technologies: Precast component, compact model, 

central core, flexible and modular. Construction Date: 2014 
 

INVESTMENT COSTS 

   

 

INVESTMENT COSTS DESIGN COSTS 
BUILDING SITE  

MANAGEMENT 
CONSTRUCTION COSTS 

370,125 û 24,106 û 13,844 û 332,175 û 
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Materials
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Information 

LCC: 4.102 ú/m² 

Invest: 2.103 ú/m² 

CO2: 29.3 kg/m² 

PE: 135 kWh/(m
2
a) 

 


























































































































































































































