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FOREWORD

The CRAVEzero concluding report was produced through extenkilberatibn with

experts and stakeholders across Europe over a {feae period. Six work packages
were formedwith 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, processeand technologies. Feedbagkasreceivedviathe CRAVEzero case
study projects and national implementation working groups.

Cost optimaland nearly zero energerformance requires significant jadtments to current building
levelswerei ni t i ated by t he Barketestpuetaradhelosteffeaivie sntegraidd of
EnergyPerformance oBuildings Diretive, which efficient solution sets and renewable energy systems
was recast in 2010. Thepéanciples will be are the major challenges.

significant drivers in the construction sector in tHeRAVEzero focuses on proven and new approaches
next few years because all new buildings in the #®lreduce the costs of nZEBs at all stagtwedife
mustbe nearly zero energyildings (nZEBsyom  cycle (se€igurel). The primary goal is to identify
2021 onwards @blic buildings needto atieve and eliminate the extra cosfsnZEBs related to
thisstandard by 2019 processes, technologiasd building operatiagas
While nZEBs reaed thusfar have clearly shown well as promote innovativeand coseffective

that thenearly zero energgrget can be achievedbusiress models ceitlering all stakeholders in the
through existing technologies and practices, mastui | di ngdés | i fe cycl e.
experts agree that a braadle shift towardZ EBs
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Figurel: CRAVEzero approach for cost reductions in the life cycle of nZEBs.
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CRAVEzero

Cost reduction and marked acceleration for nABBs beeachieved using the following gugdprinciples
established by the CRAVEzero consortium:

Define energgnd related project goals. Conductife cycle cost analysisvariants.

Define actions ttrack andeach goals Quantify cebenefits for nZEBs.

throughout the life cycle. Learn from frontrunnerand avoid pitfalls

Create wirwin situations for all and bottlenecks.

stakeholder Consolidate all insighitsthe business case
for nZEBs.

Seletoptimal nZEB technical solutioets.
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Figure2: Cost and engy savings potential of nZEBs based on the MacLeamy curve (IDEAbuilder 2012).
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EXECUTIVE SUMMARY

Effective processes,bnast solutions, new business modeisd reliable life cycle
costssupportdza SNJ Sy 3+ 3SYSy il YR Ay@Saia2NERQ O2yFARS
CRAVEzero focuses on proven and new approaches to reduce the costs of nearly
Zero Energy Buildings at ifé cycle stages.

Cost optimaland nearly zero energy performanc®nrenewable energy consumgptiamgh quality

levels are principles initiated by the Europelfiespanandreduced life cyelcosts. CRAVEzero
Uni onds ( EV) Energy Rdefined aam imtagnate@ approach #ruplahnthg and s
Directive,which was recast in 2010. Thedebe constructing a new nZEB that reduttee current

major drivers in the constructiorctee in the ext  design phase up to 20%. In particula process

few years While nearly Zero Energy Buildinganapoffersa comprehensive overview of the phases
(nZEBs)realized so far have clearly shown that thetivitiesandactas involved durinthe life cycle of
nearlyzero energy target can be achieved usingnZEB, identifying the possiblgitfalls and
existing technologies and practices, most expbatlenecks antelevantcountermeasures (Chapter
agree that a broadale shift towardnZEBs 3). Thanks to an optimised nZEB design with the
requires gnificant adjustments to prevailingCRAVEzero parametric method (Chapteit 5yas
structures in thieuilding market. shown that it is possible to save up to 16%he®

This final report summarizeroven and new financing costs, 2Z2%of the operational costap
approaches to reduce the costs of nZEBs at all stag&9% of theeplacement and invesntcosts.

of the life cycléWithin severatase studiesll over Main Results:

Europe extra cost for nZEBs are revealed in
relaton to processes, technologiesd building
operatios. The focusof this reportlies in the
potential for cost reductions andovative business
modelsthat would makéurther uptake of nZEBs

Reference schemes for nZEB urban
planning and building design process
(Chapter 3)

Structured methodological approtch
optimie integation of renewable and

costeffective for alstakeholders nZEB technologies (Chapter 4)

It is important to note théte nZEBs promoted by Potential to reducie cycle cost
CRAVEzeroare not unique modslto be simply demonstrated hglevantase studies
duplicated rather, they areomposed by a set of (Chapter 2/Chapter 5)

customisable solutions to be combined according to  pemonstration of cbenefits: optimal
the local context and the needs of the uUBhis will architectual/building configuraticfor
ensue the high quality of the built environment, high-quality livinfworking environmerg
presere the identity of each buildingcreas user and real estate value (Chapter 6):
acceptancand maintain high real estate vdlbe. nZEBs lean management protocols
impacts of th€ RAVEzero projedhcluddife cycle 60+ Low LCC nZEB business models
cost reductions of nZEBs, measwaldnergy (Chapter 7)

balance improvements enhanced use of RES, CRAVEzero pinboard

improved indoor environmental quality and building (www.pinboard.cravezergleu

usability, greaternZEB economic value in
connedbn with high performancg@gn terms of low

1 The Pinboard is a structured framewvadréll necessary cycle costAll major results and outcomes ecluded in
information and tools to build reliable nZEBa low life thisinteractive web tool.
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that produces onsitéor procure}carbonfree renewable energy or higjuality
carbon offsets in an amount sufficient to offset the annual carbon emissions
associated with buildg materials and operations.
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1. INTRODUCTION

/ w! +91 SNE Qasareddiflextify Aidd eliliake fextrprocessing and
technologicaktosts for nZEBs and to promote innovative business mibdelare
costeffectivefor all stakeholders during thentirelife cycle

CRAVEzer(

case study

Aspern 1Q ir
Austria

SRSRY Ruw.

Figure4: Aspe}n IQ (Austriaj ATP Sustin(c) ATP/Pierer '

Costoptimisation and nearly zero energy business modelshat are coseffective for all
performance levels are initiated by the Europestakeholders.

Uni o20X&nergy Performance of BuildingsCostreduction potentials are to be found in all life
Directive EPBD). Theseprinciples guide the cycle phases of nZEBsfrom urban planning to
constructiorof all new buildings in the EU that arebuilding designto construction and building
expected to benearly ero energyfrom 2021 operatios. Indirect cebenefits to architectural
onwards. quality, indoor environmentomfort and health
Whilenearly zero energyildinggnZEBs)realized must be considered@he hightechnicacomplexity

so far have clearly shown thatrteaerly zero energy of nZEBs along with thie detailed planning
target can be achiewbdoughexisting technologies constructiohoperation processeare the main
and practices, most experts agree that d-fcake reasos performance and dosrgetsare not met
shift towards nZEBs requires gnificant Clear perequises must be created to define project
adjustments to prevailing building market structuredjectives. Too often, promising building concepts
The major challenge is the esfé¢ctive integration fail to achieve cost and energy goals because project
of efficient solution sets and renewable energgrticipants are not sufficiently aware of the
system# amannethat fits the whole life cycle.  manifold interactions of hstic planning contéex

The 2020 EU-Horizon pr oj ect ©® & IThe idea ofCRAVEzero is to promote a well
focuses on proven and new approaches to redorganized and transparent interdisciplinary process
costs and improve nZEBs at all stages of the lalong the whole life cycle of a nZEB, focussing on
cyclelts main goaareto identify and eliminate the both environmental and econongiencerns(see
extra costs for nZEBs related to inefficpgotesas  Figureb).

and tehnologies and to prate innovative
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Figure5: CRAVEzero The influence on the process decreases while the costs increase during the life cycle of a nZEB

To minimize risks and possible bottleneckmint A clear connection betweebuilding
obstacles must be identified at an early stage. jteiormance andelated costs is essentighe
necessy to establish a conam planamong all introduction of a performant®sed procurement
actorsasearlyas possibléAs shown ifrigure6 and approachmust becommon practice not tnfor
Figure7, new nZEBsnaximiz passive desigrvhile public tendering but private structionas well
limiting energy consumptionoffin the grid. To
implement this, planner need to challenge
traditional designorms

Each building has itsvn unique proessn which
architects start from scrattth collect information
on the local contexand its constraintslesign the

Power

RENEWABLES

Thermal Energy

building, carryout cost optimal performance Eficient HVAC
analysesndevaluat therenewable enerpgtential -
This involvesextra time and planmjrcosts for the Optimizalion of Envelope

design processlithout a standardized process
different stakeholders repeat almadentical
procedured\ systematiapproach for the lifeycle
process ofow-cost nZEBs is needed a starting

Optimization of Form

Figure6: Steps to reach nBsstandard
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1.1. STATE OF THE ART
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Figure8: Green Home Nartred Bouygues Construction (France)

nZEBswith high energy performance have becode®d Ag o st i n o (2048) lbhve Pregentes ra
technically feasible but are not yet-efisttiveTo framework focost optimahZEB desigrcontairing
overcome this barrier to implementatidhg costs, energy prgand climate data. One important
principle of cost optimisatidnas been introduced toconclusion is that the most common optimized
align national minimum energy performancenZEB configuratio foresees a combination of good
requirementswith economically feasible nZEBinsulationandbuilding airtightness agll as class
targets, considering operating, replacenamt A++ appliances, lighting, and home energy
disposal costsAs evaluated within theurrent management systematong with PVAirtightness,
ZEBRA 2020 project, the average extra cosiein the efficiency of appliances, and rbductionof

EU for a nZEB (comparedo a new buding in solar gainsr insulationdepending on the climate)
compliance  with the minimum  standarthust frstbe addressed

requiremenj)sisa ppr o x i mat 2edueggto Récént (European stedi have shown that
higher design and construction costs. constructio costs of buildings close the passive
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house standard increase by 4 to 6% comparedrerniakowski& Fuller, 2011; Pless, Torcell&i
thosethat meeminimum nZEB requirements, butShelton, 2011)n performancéased desigouild,
these highly effient variants reduce the prigna the planning and cetiuction phases are strongly
energy demand by up to 7ZPdosset al, 20179. interconnectedirsce the owner engageseam of
Berggren, Walland Togero (2018) depart from planners and constructavith weltdefined targets
tradtional ways of calculating nZEB profitabilityo realize the whole building for a thoroughly defined
with lifecycle cost analysis (LCC) by trying fanction and at a fixed cost. Moreover, the owner
quantify the added value afgreen building in financiallyrewardsthe team for achieving higher
monetary terms. Their assessment is based ataadardthroudhout the process. Tisalieh point
planring process that also includesiceconomic is that performandeased desigouild can be used
parameters influenced by the quality of the building.integrate the planning and construction ghase

It shows how the optimal set of measures can behieve the specific goal of a {pghformance
found. But hav can the knowledge aptimal nZEB. Konchar and Saido (1998)conclude that
building design strategies and technical solution detsgrbuild shows majocost and performance
be tied ¢ the building process? Whadtors should advantages compared to othepjgrt delivery

be involve® Whichactionsmustbe takenand at systems.

whattime? Is the traditional development process fdthat doesthis mean for the goal of promoting
buildings suitabler highlevel nZB buildinggo nZEBs? It means that it is nehoughto solely
penetrate the market considerthe individualacions of sirgle users in
To answethese questions, an important first stepdetermining building phasgsnrersd construabrs

to clarifythe construction proceduoé the project. need to work interactivelfPless Torcellinj and
One prominent example offfdrent construction Sheltor(2011)arguehat desigiuildpermitshigher
procedures affecting the interface between phamdsevementsin energyefficient buildings and
lies in the dcision 6 the project delivery systermZEBs because athe integration oplanning and
(Konchar and Sanvido, 1998)n Europe, the construction

standard projectetivery system idesignidbuild Possible costaving potentials ithe planning and
This means that there is a clear cut between dhastruction of higiperforming nZEBshave not
design phase and the building phase, which is mablesshsufficiently assessed in the traditional planning
by the procurenmt of the constructioeompanies processin many countriegplanning and analysis

( 0 bi ddlmpogadt) implications are thathave not beercarried at in parallel, and the
construction companies dhot take part in the alternative technical options or business models are
planning phaseand the owner has to investiscarded at an early ggtaHowever, a realistic
additional timén assigning construction contract&omparison afiZEB solutions in the planning phase
An alternative approach is thegnrbuildapproach, would promote moreveltinformed decisian

which is increasingly usedridwide. Justas integrating planning armbnstruction can
Torcellini et al.(2004) have studied thenZEB enhance outcormeso too canurban planning
realization proceby examiningariols case studiesconsiderations and the inclusion of ojmrat

on nZEB construction processes. They investigadadors in th@lanning phases,d@monstrated tijie

the project deliveryystem of higiperformance/ 6 Renew School 6 project (Ko
low-energy buildiregy and concluded thathe & Poppe, 2014).

performancéased desigouild approachwas best

to achieve high quality at low cdSrawford,
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1.2. THE o0CRAYVE ERARIDNORK 0

nZEB design is a muitibjective challenge
THE F UNDAMENTALS OF nZEB DESIGN where stakehol dersdé int
_ _ with each otheThrough the provision of
Reduce the buildingds edget he 6CRAVEzero fra
its needs with efficiency. aims to promoteonfidencein decision
Select higlffidency space heating, cooling, and makingo reach nZEB goafparticularly in
water heating. relatin to energy and costrfermancg

Generate renewable energgitenand use renewat The main targets pursued in the project can
energy spply systems. be summarized as follew

The reduction ofnZEB construction
costscompared tdhe presentcoss of a
new conventional building theduldmeet
current building regulations.

THE CRAVEZERO FRAMEWORK

Define energy and related project goals.

Define actions to reach gloals and track them Nearly zero energy consumptiofess
throughout the life cycle. (including orsite or nearby renewable
Create wiwin situations for all stakeholders. energy sources) andanly zero impact of

Select optimal nZEB technical solution sets. materials used over the whole life cycle.

Conduct lifeyclecost analysis and variants. Cobenefits such as increased real

Quantify ctenefits for nZEBs. estate value and working environment
Learn from frontrunners to avoid pitfalls and quality.
bottlenecks.

A costeffectiveness investment from a

Consolidate all insights from business cases. i )
business model perspective.

For practical implementation, thepweed CRAVEzero methodology is an additidinetdundamentals of
nZEB designdt aims to reach nZEB targets in eight major steps:

Define energy andost Define actions to reach the
related project goals goals and track them
throughout the life cycle

E 'm It is important to clearly define energy

'ﬁ% consumption and ldeycle costelated EIAE  Considerig the complexity oeaching the

goals for the ject in the first step. This step Iayi—ii : nZEB target witltost optimasolutions for

the foundationto defire key actions needed diversestakeholders, multiple actions are required.

achieve those goalgnd avoid pitfalls and However, these are usually misfiog standard

bottlenecks. planning processes. Therefore, it is important to
promote a shared interdmtiary understanding of
the complexity othe nZEB planning processes for
all invohed stakeholders. A wetlganized and
transparent process is keyachieving theagl of
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cost optimahnd sustainable nZEBs throughout thenowledgef the mosimportant technical solution
entire life cycle.The CRAVEzar consortium setsand their associated castessential.
provided its experience in the area of holistic proj€asteffectvely  implementing comprehensive
management with focus on integrated buildingsolution sets (based on key industrialized
planning It defined how key performancecomponents and renewable energy syStemshe
parametershould be prioritized andacked along design and construction procepeses major
the life cycle. Additional advantagesholistt challenges. The CRAVEzero approach has identified
project managemevdre: technical and lifeycle costeducton potentials for
1 Risk reduction each nZEB technology set to define robust solution
1 Quickerconstruction and delivery sets based on industrialized multifunctional building
1 Control aver costs and energy performanceomponentghat are easy and flexilte produce,
1 Integrative design a@ptimal use of team install, and maintain.
member8 expertise
 Establishment of measurable success ~ See also CRAVEzeroe ports: oGui del i |
criteria technologg s 6 and 0Optimized nZzZE
See al so CRAV Eideline b nzem [PpGeiIed inforggtion.
processesoO6 and: 0Opfor mi zed nNnZEB process mapo
detailednformation.

Conductife-cycle cost
(LCCanalysis

Create wiAawin situations
for all stakeholders

E 'm According to ISO 156882008, the life
fk cycle cosof a buiding is the net present
mo¢m A Wwinwin situation for the involved value, which is the sum of the discounted costs and
&% stakeholders needs to be created revenue strams during the selecpthseof the life

" translatednto a business model.push cycle. The lifeycle phass generally included in the
NnZEB market uptakeBusiness models are usualpssessment are the aafsnitial investment (design
based on cooperative strategidsere diffeent and consuction), cost for operation and
stakeholders bundle their expertise to create positiantenancand enebf-life residual value.
outcomessynergiegndowin-wino situationsNew  This methodologlgas the advantagetansparency
and existingexampleof win-win nZEB busines in theoperational phasanawareness of total cqsts
models hay beeranalyseduring the CRAVEzero and the possibility teducecostsduring the design
projectand offeradvantages to different types gbhase. This appaoh:

stakeholder&.g.planners, developers, construction  paknesthe cost of ownership and occupation,
companigsand usejswhile positively contributing  analyssinitial investment and running gost

to the environment and society. 1 assesss risks and costs associated with
maintenanceeplacement due to failyead
asﬁ\o oﬁsssustailaatdecisions. .

t gr o?e{héLCCcaﬁcalé:ti(gnlcabn lbenagopter?j
compare building variants, alternative technology
setsor mutually replaceable desiiarnatives.

busi ness model s 6 and

See also CRAVEzero RepartTy p o | o ooy Fg
busi nes fordeaied mfbrsation ur

%EB

Select optimal nZEB

technical solution sets This is illustrated inthe CRAVEzero report:
0OSpreadshéeet of LCC

E ‘Bl To realize costfficient nZEBs for all
_'EIH?:_ : stakeholders throughout the life cycle,
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' _ nZEB projects, which va been realized in a cost
Quantify cebenefits for efficient wayandfuture projects magdaptto avoid
nZEBs pitfalls and bottlenecks

Three CRAVEzero reports on
for buil dings and buil di ng
v@xemplarbuildings.

mom | is essential to quantify the added velue
g=pls  green buildings and their impact ondyfele
N costs The objective is to present ne
business advantages and opportunities to potential
investors that transcendtechnical péormance Consolidag allinsights
analysisCo-benefitsindudeincreased productivity, from business casstudies
improved health, publicity value, higher renting

potential, reduced employee turnpsad reduced _
absenteeism Eﬁ The goal was to develop an effective

See CRAVEzero r epoberefit mas: rmehpdalrgy: ik achieye the best conditions
for costoptimised nZEBdy exploring the

concept of integrating nZEB technologies and
business models into the entinglanning,

analysié

Learn from frontruners constructionand operation process. Tdeneration
and avoid pitfalls and andevaluation of innovative business mddelso
bottlenecks part of the study of nZEBs. To generate new

business models, it is necessary to idevtiigh

typesalready exist in the markets and wh&ema

them sucessful or inconsistent.

SeeCRAVEzero reports oDatab
ervices and business mode

nZEB Business modedis

Due to unclear requiremensd technological
ambiguitythere areost and time constrainitsthe
construction of nZEBsand plusnergy buildings
alike. The CRAVEzero project showcasesdel

THE FUNDAMENTALS OF nZEB DESIGN THE CRAVEZERO METHODOLOGY

(D) Reduce the building’s energy
demand. Meeting a building’s
energy needs efficiently is a
critical next step that heips reduce
energy use and emissions.

() Select high efficiency heating,
cooling, and water heating.

(3 Generate onsite renewable energy
and use renewable energy supply
systems

Define energy and cost related project goals

Define actions to reach the goals and track
them troughout the lifecycle

Create Win-win situations for all
stakeholders

Select optimal nZEB technical solulion sets

Do life cycle cost analysis and varianis

—
—__J J_

Quantify Co-benefits for nZEBs

Learn from Frontrunners and avoid pitfalls
and boitlenecks

Bring all together in the business case for

nZEBs

Figure9: The fundamentals of nAdesign and the CRAVEzero methodglo
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nZEBg BARRIERS AND CHALLENGES

Overthe course of thR018ISEC Conference in Graz, Austria and within national implementation working
groups in Germany and ltaly, a sumkeplanners, researchers and contracB@ participantsyas
conductedDrawing orthe varied professiomatperience the surveynquired abouthallengewitnessed

in the implementation oZEBs what is needed to makemmore marketablandhow they add value to
societyThe results of the survey are ordered accordihgitomportance in descending order.

What are the main challengdmrriersto realzing nZEB?

1. Investment costs are higher on average

2. Additional effort is required to undemd, apply, and qualify for the nZEB standard/Integrated
planning requires mor#aet and communication

3. Processes and responsibilities are unclear among stakeholders

4. Lack of communication/documentation/leddortion among stakeholders

5. Mismatctbetween renewable energy generation and demand

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

7. Higher inveshentcostanust be disbursesh a resale of the buildifigyv e st or s® or r eal

models ofte do not consider enejgy

8. Too many regulations and standdrdsk of support from authoriié-inancial value of subsidies
often unclear

9. Lack of communicatioor documentation

10. Lack of knowledgef optimal solution set@verdimensioning of HVAC systems

11. FalingnZEB technology pricésspecially for batteries and) B&h lower value of capitalésted

What is needed fathe market uptake of nZEBs

Strengtheedbinding legal requirements

Earlier cdabortion within the planning team

More technological kneow

Robust lifecycle costs of nZEB technologies

Thenecessary skills and experiémiceorstruction among stakeholders

a s e

What is the added value of building nZEBs?

Climate protection and environmental savings

Increased futurgropertyvalue

Greaterindependence from future energy price increases/energy autonomy
High indoor air quality/health beiits

Reduced energy costs

Reduced total cost of ownership, net monthly cost of, iwiddifecycle costs
Potentially tgher resale value

Property is gepared for legislative restrictions and carbon emission penalties
Better reputation and goodage bilding

10. nZEB-related national funding opportunities

©ONOOOrWNRE
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1.3. CRAVEZERO PINBOARD

Aninteractive webbased structured framework to build effective low life cycle cost
nZEBshttp://pinboard.cravezero.eu/

___ nZEB Business Model Canvas

__Interactive ProcessMap

TN
I == <
‘"

Life Cycle Cost Benchmarks

pinboard.
cravezero.el

FigurelG The CRAVEzer®inboad & pinboard.cravezero.eu

The CRAVEzero pinboard is a structuredThe outcomes of the CRAVEzero project have been
framework organizing all required information asdndensed in the pinboawhich can beonsidered
tools to establish: the backbone of the CRAVEzero jeat It allows
thedesign and constructiapproah to new nZEBs
An effective lo.CCnZEB business model to be altered based othe tools andsolutions
Reliable LCC databasesoutlining thecost devel oped. A brief overvie
reduction potentidbr processe features is required to better understand the
Robust échnologies, methodologiegnd Prototypical implementations carried oupiject
solutions for low LCC nZEBs. partners (e the report on theéXCRAVEzero
pinboara for a complete description
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Figurell Pinboard landing page on CRAVEzero website (pinboard.cravezero.eu).

All the steps mentioned time CRAVEzeranethodology in the previous chapter have been translated into
an ineractive modular set of nine webls, which are free to use and modify on the CRAVEzero pinboard
illustrated irFigurel2

CRAVEZERO METHODOLOGY CRAVEZERQ Pinboard (pinboard.cravezero.eu)

Define energy and cost related project goals ] interactive Case Study Dashboard
Define actions to reach the goals and track () nZEb Revenue Streams and Co-Benelfits
them troughout the lifecycle
Create Win-win situations for all (3 CRAVEzero Business Model Canvas (%]
stakeholders 3E
(& CRAVEzero Process Map 3
Select optimal nZEB technical solution sefs } g
(5 LCC Database a
Do life cycle cost analysis and variants ] E
@ CRAVEzero Life Cycle Management Tool g
Quantify Co-benefits for nZEBs . qs_
@@ Life Cycle Tracker
Learn from Frontrunners and avoid pitfalls
and bottlenecks Life Cycle Cast Tool

Bring all together in the business case for

nZEB:

s (9 CRAVEzero Life Cycle Cost Web-Tool

Figurel2 CRAVEzero methodoncerninghe pinboard

Business Model Canva

@ developing new or documenting®

This a tool to understand
business model in
straightforwardand structured waylt offers the K s—"—
possibility to browse existing business models o.)
create newresfrom scratchThe business model

Business Model Canvas

The idea of this interactive
dashboard is to alloginboard
users to dig into the data,ngai
insights and look for optimal
solutions based on the
CRAVEzero case studies. The
web report is highly interactive and highly

The information on each business model is displ
according to the Osterwalder Business Model Ca
structure: avisual chart wht elements describing
company's or product's value propositio
infrastructure, customers and finances. EI TS
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customizable. Within the dashboard, users can kifiel Cycle Tracker
and remove data, change visualization types, An electronic document that
apply filters to thousands tafchnical variants and ﬂl can beeasily adapted the

life-cycle costs. ’@ spediic needs of any
e : practice, teapor project It

(GICrRAVEZErO

=L e- | organizes the processf

r?— s NI briefing, designing, constructing, maintaining,

! — operating and using building projects into several

E B E S key stages. It detathe tasks and outputs required

': : at each stage, which maywearoverlap to suit

o specific project requirements. It is a web tool and

= downloadable spreadsheet, containing customizable

: B = tables allowing easy creation of the project roles,
—_— iy S b design responsibylimatrix and multidisciplinary
schedules of services.

ife Cycle Management
An online tool which allows a
nZEB project to be tracked
and managed throughout the
whole life cycle.

A process tool that enables tht
project team to integrate
additional actions in their own
planning, construction and
e fisrens execution routine achiee
the nZEB standardt gives an initial overviewtbé
complexies of doing sdn the interactive process
map, stakeholders can display individual TZEB i

il ]

Do items or see which tasks other projefll - —
participants have. The whole process is divided f g B o ]
urban planningplanning building construction PRl -f R SRR T
utilizaton, andendof-life stepsAction items and & = = = - - -
bottlenecks can be displayed the owner/user ER-f—- = = e ]
municipalities the integrated planning tearand : = e
construction companies. ==

A tool for LCC calculation
was developed and is
. available in two versions: a
S — full  version with all
functionalites and dimited
online versionto make a
preliminary LCC calculatioithe data collection
within the tool is organized following the LCC
structure introducetly the standard, 1ISO 15686
— = 5:2017. Furthermore, the source used to structure the
R construction cgs is the European Code of
Measurement daborated by the European
Committee of Construction Economist$he
analysis of maintenance costs of heating, ventilati
and air conditioning (HVAC) systems is based on
standard values from EN 15459:2018, which
provides annual maintenance costs for each element,

le Cost Calculator




Introduction

including operatia repair, and service, as a
percentage of the initial construction cost. T
lifespan forsystem replacement is also provided &
the standard. According to 1ISO 1568817, the g
LCC ded with activities connectdd the design, B
constructionand operation of the building. Eofi B
life costs have not been implemented in the tool p%
The WholeLife Cost (WLC) includes the nonké
construction cost (e,gcost of land enabling il EEEEEEG
activities) ande fees required to set up the building

from atechnical and administratstangboint.

A summary of all pinboard tools andrthespective stakeholder target groups is shdviguirel3

Main Target Group STAKEHOLDER
&1 - S| & | 4.2,
[ | Extended Target Group ﬁuﬂ é‘m a& %ﬁ w & __i@ a |2 s
. = |& [E
2 le | S g s |5
S |2, S§ 5|88 5|22 lpE &
= 2= T2 € (97| % | S22 o
2 S o s 5SS/ &I=SEES ©
S | & Sdalacl 5|88 8 &
(Dlnteractive Case Study Dashboard M| O 0O 000
(2) nZEb Revenue Streams and Co-Benefits |:| |:| |:| |:|
@ (3) CRAVEzero Business Model Canvas || O 0O O
§ W (4)CRAVEzero Process Map O O ]
Sk
s B © Loc vatabase O
=
§ (6) CRAVEzero Life Cycle ManagementTool [ | [ ] O 0O O o
* (@) Life Cycle Tracker O O
S ® Life Cycle Cost Tool O O O O
) (9 CRAVEzero Life Cycle Cost Web-Tool || ] H il

Figurel3 CRAVEzero pinboardWeb Tools(modulesand target group
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1.4. EUIMPLEMENTATION OF nZEBS

The2010Energy Performance of Building Directive (EB®ID/31/EU)the Energy
Efficiency Directive (EED 2012/27/Fd 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 thB dgfhition: all new public
buildingsafter1st January 2019 and all private buildiitgslst January 2021 must reach the nZEB target.
Figurel5summarises the main measures promoted by the three directives. Tluo&PBDprovide
minimum or maximumnharmonized requiments for nZEBs buit notes that very high emergency
performance and demamistbe coveredto a very significant extgby energy from renewable sources.
Theanalysis of definitiohspecified requirements shows how the countries dlifesent approaesand
system boundarielm most casee.g.the CRAVEzero countrigghe requirements are set at a single
building level and include targets for new and renovated bubdditngpublic angbrivate The balance
periodto calculat the building energyerformance and normalipat factorsis generally homogeneous
among member statesie year and the conditioned floor arespectively.

CRAVEzerc
case study
Isola Nel
Verde

Figurel4 Isola Nel Verdé Moretti
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EED EPBD RED
Directive 2012/27/EU Directive 2010/31/EU Directive 2A4/53/EU
T
Indicative ( ) Requiremets
—{ national EH || National plans on renewabl
targets energy share
~———
.
Sectoral Energy
| | measures — performace
\ ) certificatios
.
— .
Monitoring an Requirements
reporting —on Cos
- optimality
General
L measures
promoting EE

Figurel5 Key ebments of European Direats (EED, EPBD and RED).

Cost optimaity

The EPBD stated that the achievement of high performance in nZEBs must be compatibleasith the
optimaity assessment. The idea is that the building design, from an envelopediciestanis, hasdfier
energyefficient solutionatminimal lifecycle cost.

EU construction market

To better understand the field of application of the EPBD, an overview of the construction market and the
Europearbuilding sector is provided. Theeamtive of the CRAVEzerogject is to identify and propose
solutionswhile reducingosts associated WItAEB constructionKigurel6). As stated in the ZEBRA 2020
project, the lack of structured financing schemeéshe need to increagefpssional knoledgeof best

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

Extra costs for nZEB construction

m Average cost of new constructions Extra costs for nZEB construction
100%
80%
60%
40%
20%
0%
RO AT BE CZ DK FR DE LT NO PL SK ES SE

Figurel6 Extra costs for nZEB construction versus average cost of new constructauzd éPal., 2016).
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Focus at the national level by referencing an existing buildingperformance
To carry out a comparative analysis among countf@gculatedsingthe maximum taluesndicated.
an overview of the regulatory framework at the

national level is needed. The countries involvec France- The Themal Regulation RT2012
the CRAVEzero project are Austria, Germar. @ expressed/e ways to meeequirements for
Franceltaly, and Sweden. primary energy consumption. Total primary energy

consumption is defined for heating, cooling, hot
Audria - The onat i owakelr produdticnn lghting, ventilation, and any
"‘ document includaminimum standards auxiliary systes. RT 2012 reqes the se of a
for four energy indicators: heating demand, primggpewable energy source for individual houses.
energy demand, G@missionsand adtotal energy
efficiency factdrspecific to AustrigGuideline 6 of Italy - The decree D.M. 26 of June 2015 set
the OIB includes requirements forethrenewable .'t’r the requirements for new construction and
energy sharef both new constructierand major nZEB. As in the castor Germany, the decree
building renovatian introduced the reference buildjadpuiding with the
sane geomeical configuration and specific values
' Germany- The regulatory framework, whictHfor the envelope thermal transmittance as well as
deals with energy efficiency and renewabi®¢AC system efficiengyo defire the maximum
in buildings, is structurédthree parts: the Energylimit of primary energy.
Sawng Act (EnEG), the Enerdgyaving Ordinance
(EnEV), and the Renewable Energy Heat Ac Sweden- The Swedish Building Code (BBR)
(EEWarmeG). In several reports to the Europei # defines building energyerformance; athe
Commission, the German federal governmdgginnng of thisproject BBR 25 (BFS 2017:5) was
expressed the intention to define the future nZEB force. The Swedish regulation sets the
l evel based o mousadK faw seurdfisirecdewsnforybuilding energy consumption,
scheme dr buildings that exceed @nt energy indicated byd s peci f i cbé ThenSsvedigly us e
saving requirements. KfW standards for newegulation does not includemnimum renewable
buildings are not expressed by absolute valuesebertgyrequirement.

Compaative analysis

Snce there are no common methodologaes, pressurization testsgnhof 4 volumes per hour (4
comparativeanalysisof nZEB targets in the  1/h) was adopted. This is a stamtdvalue with
CRAVEzero reference countrigas carried out by  no particular focus on airtigkss level.

simulating the performance afeferene building § Case 2 The sae building has mechanical
with the Passive Houseamhing Package (PHPP) ventilation with a heat recovery system.

tool (Feist et al., 2007). The reference building WaCase 3The same building with the maximum air
modelledo calculate the nZEB requirements in Italy change rate for the Passive House Standard and
and Germany. It is a sindgenily house high airtightness (016h).

representative of the EU stock (FP7 projeﬁt Case 4 The same asase 2 but with th heat

olnspred). Different technicalconfigurabns were pump replaced by agjcondensing boiler.
adopted to showhe effect of each on the primary

energy demand, keeping thedllies constant (as|, rigyre17, the primary energy requirements of

indicated in the requirements). The four diﬁereﬂhstria, France and Sweden are compared with

cases simulated in PHPP, using the climate datg,0f. (eached by ltaly and Germany with their

Italy and Germany, aas follows. reference building in taconfigurations: caseagd

' Case iThe building has a heat pufopheating case 4Figue 18 shows how the installation of a
and domestic hot water (COP=3) but nQentilation system results in a reduction of 10.1% of
mechanical ventilation. An air change rate at thg primary energy demaimdcase 2. A building
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design with special attentionittightness permits a The primary energy demand in case 4 is 28.7% higher
further reduction of 9.8% of primary energy (casetBan with a heat pump.

Primary energy for different tech. systems
[kWh/(m?a)]
m[taly = Germany

Primary energy demand
[kwWh/(m?a)]
mHP wm Condensing boiler 200

200
150

150

100 100

5 1 -
0

0
Case 1 Case 2 Case 3 Case 4

o

Austria Germany France Italy Sweden

Figue 18 Primary energy demand for the reference building

Figurel?. Primary energy demand for heat pump and gas conde
Germany and ltaly with different technical systems.

boiler nCRAVEzero countries.
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CHAPTER 2

CRAVEzero case studies




2.

CRAVEZERO CASE STUDIES

CRAVEzero caseaidies

2.1.

As part of the LINR 8acBlin@, 12 case studidsmave been selected and
analysed in terms of Life Cycle Costs. Indéstriners provided information on 12
existing referenceuildings considered representative of the current best practices
in the construction of new nZEBseThdustry Partners partgated in the design

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

detailed relevant data. Thesmse studies include both residential and office

buildings and are located in the CRAVEzero counliadg, France, Germany,
Sveden and Austria.

KEY PERFORMANCE INDICATORS

Key Performance

topic Within the CRAVEzero project, a sEKPIs
provides a comprehesive evaluation of nZEB interesting

costgperformances and

Tablel: List of selected KPIg¢rated according to importajpce

Indicators

(KPlIs)

werfom literature and relevamesearch projects
introduced to measure the building performangealingvith the building performanegaluation.
and provide easily accessible informaiiorthe The list was submitted to project partners with the

request to rate the KPIs on a scale®f 1 (- ery
@ 2interestingd

and no 1

introdscereference i nt er esti ngod) . kindy KRlsowitd i ng t
benchmarks for nZEBs in the EU.

an averagscore fron2 to 3 were included in the
The list of KPIs was defined through a selectifinal list. Tablel reports the selected indicators.
starting from a prdefined set of indicators taken

RATING KPI RATING KPI

3 LCClusable floor surfac 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 eneggneration

2.6 Renewable energy shar 2.2 Maintenance cost/uske floor surface

2.6 PV annual electricity yield 2.2 Maintenance cost/investment cost

2.6 Annual CQ emissions 2.2 Final energy consumption

25 Life cycle C@emissions 2.2 Specific heatg demand

2.4 LCC 2.2 Specific coling energy consumption

24 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 b 2 Operation cost/PV energy praction

24 Primary energyaosumption 2 Electricity energy demand

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

------------------------------------------

E > : @.
=SS = . : J 'D))“
sS=SE=EE e . .
Initial investment Life Cycle Cost/ Resilience

Calculated yearly energy demand

COSTS / ENERGY

08.60-000 0000 Fo¥

Design Construction - Operation Maintenance Renovation End of Life -

A J

------------------------------------------

Figurel9 Life cycle cost approach

The ISO 15686:2008 providethe main principles According to theforenertioned ISOstandard, the

and fetures of an LCC calculation, while theLCC of a building is the Net Present Value (NPV)
European Code of Measuremeist the EU- the sum of the discounted costs, revenue streams,
harmonised structutkatbreals cown the building and value during the selegibdsesf the life cycle
elements, services, and processes, in ordefThe NPV is calculated as follows:
comprehensiWgevaluatits life costs in this study

C: costsncurred in yeafn);
d: expected real discount rate per annum (assumed as 1.5

p Q n: number of years between the base date and the occurre
the cost;

p: period of analysis (40 years).

Figure20shows the main references adopted for thbe LCC calculation was implemented in two steps
LCC calculation. Construction, operatiand first,the analysis of the 12 case studies coming from
maintenance phasegreconsidered whereas endproject partnersand seondly, the parametric
of-life stage was discardad theanalysegeriod is analysis.

40 years less than an akage building lifespan.
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Main references: ISO 15686 + Code for measurement cost planning

Phases to be considered
Brakedown of building elements

Whole-life cycle cost

(WLCC)
[

[
P
Non-construction

LCC = Cn Cost the-'(;lglg)(:%t Income Externalities
(1+d)n
n=1 I | I | |
LCC = NPV (40 years) for
the costs associated to Construction Operation Maintenance End-of-Life

each phase

Figure20. Main references.

Assumptions ash Boundary Conditions

This sectioms divided intatwo parts since different

mentioned above, the economic evaluation of the

approaches were adopted for the LCC calculatiamiants is based on an observation period of 40
during the projectalthough the construction costyears. This observation period was chosen bécause
were provided by the project partners in both cassa feasibledurdion for private housing asell as

The buildingsverealreagt constructed, and real cosproperty developers. Adinancing scheme, a bank

data was available.

First, for calculatinduture costs, including annu
energy and maintenance costs, @el0 year
lifespan, an average interest rate of 1.51% for
period from 2009 to 2016 (years of construction
the ddest and the most recent case study)
adopted. Gemal inflation was not taken

loan was chosen with a credit period of 25 years and
n interest rate of%. The equity interest rate for

he equity investment was set to %51he inflation

rate 2, and the discount rate tfe used capital

iﬁ stment was® as can be seenrinle2. All these

lues were taken frommet CRAVEzero LC@ool

%Cee also the OSprtadshee

INOifterent technical maintenance casts lifespans

account since this parameter influences all C@fs%omponentslndividual parametermncerning

studies the same way.

costs were evaluated in consideration of the

Second the costs for the varied technologies affllowing items: total costs, financing costs, energy

building elements were also directly provigdteo

costgincluding basic fegseplacement investments,

project partners. lhecessary, assumptions wefPerdion costs, maintenance costs, irgpand

made according to the CRAVEzero database.

regidual values. The energy costaatsunt fothe

costs are reported as "net costs" (excluding \/pns'yenues from electricity generated on the building
Land and excavation costs were taken into acco#f) renewable sourceNlo additional followip

The buildings are located in Austria, France, It&9sts (e.g., administration, insurance, cleaning,
Germany and Swedew climate data files Weresecurity SerViceS, bUIIdIng SeryideemOIition

generated with Meteonorm 7.1.8.29631.

@@st3 are included in this report. Rental incomes
werenot taken into account.
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Table2: Boundargondition for economic evaluation

Economic boundary conditions Reference
Observation period of I#eycle cost 40 years
Equity interest rate 1.51%
Inflation rate 2%
Discount rate 3%

Credit period 25 years
Bank creditnterest rate 3%

OperationalCosts

The PHPP evaluation toalas usedot provide a installel), the energy produced from renewables is
homogeneous estimation of the energy ¢(uséed considered in the energy balance as a positive
on the caldated energy demagnd o estimatéoth contribution to energy consumptiémom which

the costs and revenues (due to the renewabdeewables have been disted from energy costs

Energy Rces and Price Increase

Based on the energy demand calculated in PHPRWEr ratesThe electricity prices were preddy
each varianthe resultingnergycost of each carrierthe partners and are reporteddnes. The overall
was determineolased offinal energy consumption.annual energy costs were determasdd orfinal

If PV is present in the specific varitim, eletricity energy consumption anithe associated energy
demand was reduced by the share of selfices. The resulting life cycle castounted for
consumption othe PVelectricity. ThéV surplus energy price increasesothe observation period by
electricity, which cannot be used directly in the annual percentagengas).

building, was fed back to the grid at significantly

Table3: Energy prices as boundary conditions of the economic efficiency calculation

ENERGY CARRIERS AUSTRIA FRANCE ITALY SWEDEN UNIT

NaturalGas 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 feedin tariff 0.048 0.060 0.070 0.060 EUR/KWh
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Tabk4: Energy priceandfeedn t ari ffs in the four |l evels of the parameter asensi f
LEVEL 1: LEVEL 2: HIGH LEVEL 3: LOW LEVEL 4:
STANDARD DEFAULT
Energy price increase per 1.0 % 2.0% 0.5% 0%
year
Increase of P¥eedin tarff 1.7 % 2.7 % 0.7 % 0%
per year

Maintenance costs

Maintenance costs were determined as a fractiopasfialarly relevant for future owners,ilding

the initial investment costs per y&heparameters operationsand property managers. The analysis is
are not covered in the casedesbut were decided based on standard values from EM5852018

using theCRAVEzero database. Thesnionprtant which provides yearly maintenance costs for each
building elements are listed @ble5. The operation element, including operation, repair, and service, as a
and maintenance costs affect only the building filgcentage of the initial construction cost.

cycle after the construction phase. These costs are

Table5: Summary of the masignificantnaintenance costs and maintenance intervals

POSITION ACTIVITY INTERVAL SHARE OF UNIT
INVESTMENT
COSTS
Exterior wall Maintenance  Annually 15% EUR/a
Floor construction Maintenance  Annually 15% EUR/a
Flat roofconstruction Maintenance  Annually 15% 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  Annually 6.0 % EUR/a
maintenance
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 Mairtenance  Annually 1.0% EUR/a

Replacement and renewal

The replacement of the construction componentdas the building envelop&he bulding elements
necessary, especially for active componehiish with a lifespan lower than the observation period
are typicallsenewed several times during the lifetinaerereinvested, and the remaining residualwakie

of the building. The components of éhbuiting deducted after the observation peridote: The
envelope have a high technical lifetime and willdmetof-life analysis was not included in the
not rebuilt, but demolition costs arise at the endpzirametric energy and cost calousti

the life cycleThis report uses aservation period

of 40 years, which is a relatively low expected lifetime
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Table6: Technical lifetime of prototypical nZEB elements

POSITION

Exterior wall

Floor construction

Flat roof construction
Windows and doors

External sun protection
Interior wall and elements
Kitchen and bathroom furniture
Electic network

Heat distribution network
Floor heating

District heating transfer station
Ground source heat pump

TECHN.
LIFETIME
(YEARS)
40

40
40
40
40
40
40
25
30
40
20
20

POSITION

Air heat pump

Buffer storage

Themal collectors

Ventilation unit with heat recovery
Air ducts, air distribution system
Compressor cooling

Free cooling

PV - modules

PV - inverter

Cables for PV anidverter
Building automation system

TECHN.
LIFETIME
(YEARS)
20

20
20
15
30
15
40
25
15
40
40
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2.3. CRAVEZERO CASES

DEMOGSE 1 0 S BNLGSKANSKA ‘
LCC: 2.261/m?

PTPET IN T TOTWR _SPT ¥ MR st . . __Sas

Invest: 1.48%/m?
CQ: 27.5 k(mPa)
PE: 12%Wh/(rda)

General
Information

==~/ oY

—— i , . . _—
........ Solallén is wellinsulated buildin
***** . Rl T s ] complex using 50% less energy |
....... - — II Swedish  code requirements Its

photovoltaic system and geother
heating and cooling systems have le
a net zero primary energy balance.

Architect: Tengbom Net floor area 1670 rha
Energy concept Net ZEB Primary Energy Demard: 129 kWh/(na)
Location: Helsingborg (Sweden) Key technologies well insulated arartight balancec
Construction Date; 2012 ventilation with heat recovery, ground source heat
photovoltaics
INVESTMENT COSTS
INVESTMENT COST DESIGN MATERIALS&LABOU
= Building site = Design - Materials = Labor ~ 100% 100% R
80% 80%
60% 60%
[10%) 40% 40%
20% 20%

Definitive Design
m Materials m Labor
Preliminary Desigr

BUILDING SITE
MANAGEMENT

3,124,250 300, 000 260, 000 i 2,564, 250

INVESTMENT COSTS DESIGN COSTS CONSTRUCTION COST
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LIFE CYCLE COSTS

LIFE -CYCLE COST (40 YEARS)

[ O ]MILLION

ccC
l_\

L

LCC ovel
40 years COST DISTRIBUTION
= Design
Costruction

Net energy consumed

= Maintenance

02 4 6 8101214161820222426283032343638

Preliminary design
Construction
Maintenance

WLCC (40)
5,686, 6

Definitive design
Labor

MAINTENANCE
1,025, 7

Operation

MAINT./INVEST.
33%

BREAKDOWN OF THE LIFE CYCLE COST

5.000.000
4.500.000
= 4.000.000
— 3.500.000
3.000.000

O 2.500.000
—1 2.000.000
1.500.000
1.000.000
500.000

0 —

Maintenance other
= Maintenance RES

Maintenance building service:
Maintenance building elemen

m Energy consumed
Other
RES
Building services
m Building elements
m Building site
Executive design
Definitive design
= Preliminary design

BREAKDOWN OF THE UNITARY LCC

Executive design

=

RES/LCC
3%

LCC (40)
4,726, 7

ENERGY()
576,684

ENERGY&
MAINTENANCE
100%
80%
60%
40%
20%

0%
Maintenance

Energy produced
Energy consumed

Operation
763 20/ m

Design

Construction
12212 G/ m

Building site management

Energy

275 20/ m

Maintenance
488 20/ m

Other1 3 4/ m

Preliminary 280 / 2m
Definitive 115 20/ m
Executive 0 ® m
Building Elements 36 1 @ /
Materials Building Services 16 2 @/
610 20/ nm RES 43 0%
Other
Labour 43 4/ m
611 20/ n
1240 m2
Heating 105@a/
Consumed Cooling 3 ®/
296 20/ m DHW 36 0%
Household el 2
Produced
21 4/ m
Envelope 162 20/ m
HVAC 269 4/ m
RES 45 @/ m
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DEMO CASE 2: SMORETTNEL VERDE A0

LCC: 3.704/m?2
Invest: 1.816/m2
CO2: 50.6 kg/m?
PE:25%Wh/(ma)

General / .
information | ‘ = —T The apartments are heated by radiant

panels, and theonditioning is supplied by
fan coil plant. Moreover, the insulated g
roof reduce the cooling demand. Th
energy is supplied by a geothermal
pump for heating and coolifghotovoltaic
and solar thermal panels

Architect: Studio Associato Eulka

Energy concept cogeneration system, geothermal Primary Energy Demand 255 kWh/(nda)

pump photovoltaic and sol&erméa panels supply

Location: Milan (Italy) Key technologies cogeneration system, geother
Net floor area 1,409 rh heat pump, photovoltaic asdlar thermal panels.




CRA/Ezero

LIFE CYCLE COSTS

LIFE -CYCLE COST (40 YEARS) COST DISTRIBUTION
7 Materials & Labor
> Net energy consumed
— 06 Maintenance
S I
— =5
= LCC ovel
(@) 4
O 3 @ 40 years
-
2
1
0 m
02 4 6 8101214161820222426283032343638
Preliminary design = Definitive design Executive desigr
Construction Operation Maintenance
WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGY (40) RES/LCC
6,064, 4 2,096, 9 71% 6,062, 3 997 028 -%
BREAKDOWN OF THE LIFE CYCLE COST ENERGY &
7.000.000 MAINTENANCE
m Maintenance other 100%
__ 6.000.000 Maintenance RES
S m Maintenance building services 80%
. 5:000.000 = Maintenance building element: 0%
Energy consumed 0
¢ 4.000.000 = Other 0%
© 3.000.000 = RES
== - Building services 20%
2.000.000 Building elements
Executive design 0%
1.000.000 m Definitive design Maintenance
m Preliminary design Energy produced
0 Energy consumed
LCC UNITABBREAKDOWN
Design Prelimirary -0/ 2m
-0/ Definitive -0/ 2m
Executive -0/ 2m
Building Elements 8 1 6 @ /
Investment Materials Building Services 39 6 @ /
18162 G/ r Construction 11242 0/ RES -0/ ar
18162 0/ m Other
Labour 520 20/ m
83 4/ m
LCC (40) Building site management -0 / 2m
3709 Heating 2028/
G/ 2m Consumed Cooling 51 @
Energy 610 20/ m DHW 158a/
610 20/ m Household el 2
Operation Produced
18932 0a/r 16 @4/ m
Maintenance Envelope 366 20/ m
12832 0/ m HVAC 762 20/ m
RES -0/ 2m

Other1 55 20/ m
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DEMO CASE 3: ol SMBORETTNEL VERDE B6
LIFE CYCLE COSTS

LIFE -CYCLE COST (40 YEARS) COST DISTRIBUTION
8 Materials & Labor

z Net energy consumed
= % 6 Maintenance

—
- =
O 4
S B
- 2

:

0 2 4 6 8101214161820222426283032343638
Preliminary design = Definitive design Executive design
Construction Operation Maintenance
WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGY (40)
7,109, 9 2,451, 0 2% 7,109, 9 1,278 48 |
BREAKDOWN OF THE LIFE CYCLE COST ENERGY &
8.000.000 MAINTENANCE
Maintenance Other 100%
7.000.000 m Maintenance RES
— Maintenance building servic 80%
<3
. 6.000.000 m Maintenance building eleme
5.000.000 m Energy consumed 60%
O Labor
O 4.000.000 m Other 40%
3 mRES 0
3.000.000 - Building services 20%

Building elements

2.000.000 Executive design 0%
1.000.000 m Definitive design Maintenance
m Preliminary design Energy produced
0 Energy consumed
BREAKDOWN OF DNETARY LCC
Design Preliminary -0/ 2m
-0/ 2m Definitive -0/ 2m
Executive -0/ 2m
Building Elements 7 8 9 @ /
Investment Materials Building Services 3 8 4 @ /
16732 G/ r Construction 15930 / 2m RES -0/ ar
167320/ m Other
Labour 420 20/ m
80 4/ m
LCC (40) Building site management -0 / 2m
3513 Heating 205a/
0/ m Consumed Cooling 44 @
Energy 642 20/ nm DHW 157al
6290 / 2m Household el 2
Operation Produced
18402 a/r 13 4/ m
Maintenance Envelope 353 20/ m
12112 0/ m HVAC 732 20/ m
RES -0/ 2m

Other1 2 3210



CRAEzero

DEMO CASE 4 :0ADPSBIFIEIRN

LCC: 1.446/m?2
Invest: 84&/m2
CO2: 17.7 kg/m?
PE: 5&Wh/(rfa)

_l?

The building was designed in line v
plus energy standards. The ene

demand of the building has actively k

lowered bydesignmeasuresuch asa

o balanced glazing percentage, the h
“.*.-. . Insulatedthermal avelope, optimize:

. «*.*.*. details for reduced thermal bridges

¢¢¢¢¢¢

LTLtLtLYLrltl*l*L an airtight envelope.

¢¢¢¢¢¢¢¢¢¢

General
Information

.
v 9 v o~
R HUNEE . O e S i T

Architect: ATP Wien Net floor area 8817 ra
Energy concept Renewable power, environmental F Primary Energy Demand 58 kWh/(n#a)
and waste heat

Location: Viema (Austia) Key technologies Groundwater heat pumj
Construction Date 2012 photovoltaics, small witidrbine.
INVESTMENT COSTS
MATERIALS
DESIGN
INVESTMENT COST SIG &LABOUR
= Design - Materials = Labor = Building site 100% 100%
\m 80% 80%
60% 60%
40%
40%
20%
20%

0%

0%
Esecutive design

@ Preliminary Desigr ® Materials Labor

BUILDING SITE
INVESTMENT COSTS DESIGN COSTS MANAGEMENT CONSTRUCTION COST

9,011, 746 1,170, 00 343, 695 | 7,498,051



LIFE CYCLE COSTS

CRAVEZzero case studit

LIFE -CYCLE COST (40 YEARS)
20

15

[ OM]LLION

10

LCC
o

135 7 9111315171921232527293133353739

Preliminary design= Definitive design
Construction Labor
Maintenance

Operation

MAINT./INVEST.
56%

MAINTENANCE
5,041, 0

WLCC (40)
18,594,

BREAKDOWN OF THE LIFE CYCLE COST
18.000.000

Executive design

COST DISTRIBUTION

LCC (40)

15, 357,

= Design

Construction

Net energy consumed
= Maintenance

LCC ovel
40 years

=

ENERGY (40) RES/LCC
1,305,038 2%
ENERGY &

MAINTENANCE

Maintenance other 100%
__16.000.000 — [ ] Ma@ntenance RE.S. . .
S 14.000.000 Maintenance building services 80%
. m Maintenance building element
12.000.000 - Energy consumed 60%
O 10.000.000 gtEhgr 40%
8 8.000.000 m Building services 20%
6.000.000 Building elements
m Building site 0
4.000.000 EXECUtigVe design 0% Maintenance
2.000.000 4 Definitive design Energy produced
0 || m Preliminary design Energy consumed
BREAKDOWN OF THE UNITARY LCC
Design Preliminary 90 / 2m
110 2 40/ m Definitive -0/ 2m
Executive 101 20/ m
Building Elements 3 6 0 @ /
Investment Materials Building Services 12 7 @/
848 20/ m Construction 538 20/ n RES 330%
706 20/ m Other
Labour 19 4/ m
167 20/ n
LCC (40) Building site management 19 204/ r
1446 Heating 50 4/
g/ 2m Consumed Cooling 1 @/
Energy 195 20/ nm DHW 21 7%
123 20/ m Househol d elm?
Operation Produced
597 20/ m 72 4/ m
Maintenance Envelope 161 20/ m
475 20/ m HVAC 268 20/ m
RES 40 494/ m

Other6 (®/ m



CRAEzero

DEMO CASE 5 :0SKANSKAA

Architect: Tengbom

Energy concept Net ZEB
Location: Helsingborg (Sweden)
Construction Date: 2012

INVESTMENT COSTS

LCC: 2.818/m2
Invest: 1.650/m2
CO2: 25..4gm?
PE:11%Wh/(ra)

Véla Gard is Skanska's larggsten
project to datelts aim is for theoffice
building to be a zemnergy or energ
plus building. In other words, tl
building should produce at least as v
energy as it consumér heating,
cooling and utilitiesover one year.

Net floor area 1670 m

Primary Energy Demand 119 kWh/(ra)

Key technologies well insulated and airtight, balan
ventilation with heat recovery, ground source heat
photovoltaics

INVESTMENT COST
= Design - Materials = Labor = Building site

TN

By

INVESTMENT COSTS

DESIGN COSTS
3,229,744 319,

DESIGN MATERIALS &
100% 1005 -ABOUR
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%

Definitive Design

. - m Materials w Labor
Preliminary Design

BUILDING SITE
MANAGEMENT CONSTRUCTION COST
228,650 i 2,955, 474



CRAVEZzero case studie

LIFE CYCLE COSTS

LIFE -CYCLE COST (40 YEARS) COST DISTRIBUTION
6 = Design
= Costruction
5 LCC over Net energy consumed
= = Maintenance
= 40 years
s 4 Y 6%)
—3
O2
O
a1
0
135 7 9111315171921232527293133353739 m w
Preliminary design= Definitive design  Executive design
Construction Labor Operation

Maintenance

WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGH#0) RESLCC
5,514, 2 1,961, 3 61% 5,104, 2 141 815 5%
BREAKDOWN OF THE LIFE CYCLE COST ENERGY &
6.000.000 . MAINTENANCE
Maintenance RES 100%
— 5.000.000 m Maintenance building services 80%
> l Maintenance building elements
"~ 4.000.000 Energy consumed 60%
8 3.000.000 RE.S. . 40%
m Building services
- o 20%
2.000.000 m Building elements
Executive design 0%
1.000.000 Definitive design Maintenance
0 . m Preliminary design Egg:gz Eg%iﬂfﬁgd
BREAKDOWN OF THE UNITARY LCC
Design Preliminary 1510 / 2m
250 / 2m Definitive -0/ 2m
Executive 126 20/ m
Building Elements 4 7 3 @ /
Investment Materials Building Services 4 0 3 @/
16532 G/ r Construction 10122 0/ RES 70 0%
16282 0/ m Other
Labaur 100 20/ m
5920 / 2m
LCC (40) Building site management -0 / 2m
281 220 Heating 64 o/
Consumed Cooling 12 1%
Energy 190 20/ nm DHW 6 (®/
78 ma/ Household el 2
Operation Produced
11592 a/r 112 20/
Maintenance Envelope 212 20/ m
10812 0/ m HVAC 750 20/ m
RES 71 4/ m

Other 48 4/ m



CRA/EZero

DEMO CAISE HBADQUARTERRATP SUSTAIN
e~ . - P g »

b

LCC: 4.261/m?2

Invest: 2.258/m2
CO2: 47.2 kg/m¢
PE:16%Wh/(ma)

General
Information

The building has been designed
obtain the LEED Certificationt is
notable for its high comfort leve
highquality  daylight, renewalt
energieshiat pumps, geothermal he
and photovoltaic pht), compac

= building form, recycled materjaad
T USSR T e use of timber as a natural material.

T T o, eSS S SR S
Architect: Dietrich Untertrifaller Architekten Net floor area 2759 ra
Energy concept - Primary Energy Demand 18 kWh/(n¥a)
Location: Lauterach (Austria) Key technologies Reversible geothermal heat pum

Construction Date 20112013
INVESTMENT COSTS

INVESTMENT COST DESIGN
= Design - Materials = Building site 100%
80%
60%
40%

20%

0%

Esecutive design
Definitive Design
Preliminary Design

BUILDING SITE
INVESTMENT COSTS DESIGN COSTS MANAGEMENT CONSTRUCTION CO¢

7,262, 882 1,091, 91 16, 800 Q 6,154, 17



CRAVEZzero case studie

LIFE CYCLE COSTS

LIFE -CYCLE COST (40 YEARS) COST DISTRIBUTION
= Design

> 16 Construction
o 14 Net energy consumed
= 12 = Maintenance
2 10
— 8 8%
8 6 LCC ovel
0 4 40 years

2

0 | 14% 45%)

1 3 5 7 9111315171921232527293133353739

Preliminary design: Definitive design  Executive design

Construction Operation Maintenance
WLCC40) MAINTENANCE ~ MAINT./INVEST. LCC (40) ENERGY (40)
13,928, 4,620, 0 64% 13, 762, 1,879,818
BREAKDOWN OF THE LIFE CYCLE COST ENERGY &
14.000.000 . MAINTENANCE
m Maintenance RES 100%
—12.000.000 Maintenance building service
S Mai buildi | 80%
~.10.000.000 aintenance building elemer
Energy consumed 60%
8.000.000
o mRES _ 40%
~, 6.000.000 Building services
- 0,
m Building elements 20%
4.000.000 Executive design 0%
2.000.000 Definitive design Maintenance
m Preliminary design Energy produced
0 — Energy consumed
BREAKDOWN OF THE UNITARY LCC
Design Preliminary 630 / 2m
339 20/ m Definitive 138 20/ m
Executive 138 20/ m
Building Elements 1 3 3 2 |
Investment Materials Building Services 4 35 @
22522 0/ 1 Construction 10122 0/ RES 7004
19082 0/ m Other
Labaur 141 20/ m
LCC (40) Building site management 5 (2/ m
4 2 gmi20 Heating 111a,
Consumed Cooling 1 @@/
Energy 583 20/ n DHW 1 @/
583 20/ m Household el.+ aux.
Operation Produced
20152 0/ -0/ 2m
Maintenance Envelope 596 20/ m
14322 0/ m HVAC 794 20/ m
RES -0/ 2m

Other 42 4/ m



CRA/Ezero

DEMO CASE OATP&SUBHAIN i r ol 0O

LCC: 1.85%/m?2
Invest9140/m?2
CO2: 16l kg/m2
PE: 7kWh/(ra)

General
Information

This is one of the largest resider
conplexes built according to tl
passive house approach in Eurc
Heating is sypgied by a pellet boile
and a gas condensing boiler whe
approxmately 80% of the annue
energy requiremss is covered by th
pellet boiler.

Architect: ArchitekturwerkstaDIN A4 Net floor area 44,959 i

Energy concept Cogeneration unit woodola Primary Energy Demand 77 kWh/(n%a)
thermal energy (DHW)and ventilation with he¢ Keytechnologies Centralized pellet boiler
recovery

Location: Innsbruck (Austria)

Construction Date: 20082009

INVESTMENT COSTS

INVESTMENT COSTS
= Design « Materials= Building site

e
o

BUILDING SITE
INVESTMENT COSTS DESIGN GJS MANAGEMENT CONSTRUCTION CO¢

48, 022,51 2,358, 00 634,106 i 45, 030, 4



CRAVEZzero case studie

LIFE CYCLE COSTS

LIFE -CYCLE COST (40 YEARS) COST DISTRIBUTION
120 = Design
pd .
0 100 Construction
o Net energy consumed
=g' 80 = Maintenance
— 60
O 40 LCC ovel
- 50 40 years
0
1357 911131517192123252729313335373¢
Preliminary design Definitive design
Executive design Construction
Operation Maintenance
WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGYQ)
97,973, 34,824, 73% 97, 339, 14,492,148
BREAKDOWN OF THE LIFE CYCLE COST ENERGY &
120.000.000 . N(l)AINTENANCE
m Maintenance RES 100%
—100.000.000 Maintenance building servic 80%
= Maintenance building eleme
80.000.000 Energy consumed 60%
©) RES
¢ 60.000.000 - . ) 40%
7 Building services
40.000.000 m Building elements 20%
Executive design
20.000.000 Definitive design 0%
= Preliminary design Maintenance
0 Energy consumed
BREAKDOWOF THE UNITARY LCC
Design Preliminary -0/ 2m
45 20/ m Definitive 45 @/ m
Executive -0/ 2m
Building Elemels 6 7 5 @ |
Investment Materials BuildingServices 1 7 8 @ |
914 20/ m Construction 857 20/ nRES -
857 20/ m Other
Labour 4 ®/ m
-0/ 2m
LCC (40) Building site management 12 @/ m
185 220 Heating 25 @,
Consumed Cooling -0/ 2m
Energy 276 20/ n DHW 39 3
276 20/ m Household el.+ aux. 203
Operation Produced
938 20/ m -0/ 2m
Maintenance Envelope 302 20/ m
663 20/ m HVAC 3590 / 2m
RES -0/ 2

Otherl @/ m



CRA/EZero

DEMO CAGREENHOMEBOUYGUES

. #o
¥
g

LCC: 1.0694/m?
Invest: 9411/m2

CO2: 22.1 kg/m¢
PE:10&Wh/(ma)

11

.
Ll S [
[ o

-~

’

SN

Pl 1 1 1

b s‘“‘.’.'.‘/

P =~ . WA,

General
Information

Green Home is a phenergy
residential building, which opera
without heating and cooling syste
thanks to dioclimatic approach anc
well insulated erelope close tdhe
passive house standard (exte
insulation, triple glazjn and therme
bridge optimization).

Net floor area 9267

Primary Energy Demand 108 kWh(m?a)
Keytechnologies tripleglazed windows, dentralized
ventilation with 96% of heat recovery, heat recove
grey water.

Architect: Atelier Zindel Cristea
Energy concept Plusenergy residential building
Location: Nanterre (France)

Construction Date 2016

INVESTMENT COST

INVESTMENT COST

= Materials = Labor Building site

BUILDING SITE
MANAGEMENT

10.189. 12 -0 63.310 @ 10.125. 8

INVESTMENT COSTS DESIGN COSTS CONSTRUCTION CO¢



CRAVEzero case studit

LIFE CME COSTS

LIFE-CYCLE COST (40 years)

02 4 6 810121416 1820222426 28 30 32 34 36 38 COST DISTRIBUTION
20
Construction Net energy consumed = Maintenance
15
LCC ovel

10  peBBEecEE el Rt dtbataan 40
-z VEEIS
g .
=3 S
=

0
-5
10 1%]
M Preliminary design M Definitive design Executive design
Construction m Labor Operation
Maintenance
WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGY (40)
11.580. 7.205.1 71% 11.580. -5.814.079

BREAKDOWN OF THE LIFE CYCLE COST ENERGY & MAINTENANCE

20,000,000 100%

Maintenance RES

- o
15,000,600 Maintenance building services 80

Maintenance building elements 60%
10,000,000 e )
Energy consumed
5,000,000 ERES 40%
Building services -
0 B Building elements i
Executive design 0%
-5,000,000 B Definitive design Energy consumed
B Preliminary design Energy produced
-10,000,000 Maintenance
BREAKDOWN OF THE UNITARY LCC
Design Preliminary -0/ m
-0/ 2m Definitive -0/ 2m
Executive -0/ 2m
Building Elements 6 6 0 @ |
Investment Materials Building Sefices 2 03 @,
941 20/ m Construction 10122 4/ RES 2409
935 20/ m Other
Labour 21 4/ m
27 4/ m
LCC (40) Building site management 6 (/ m
1069 Heating 42 1
a/2m Consumed Cooling 8 @/
Energy 296 20/ n DHW 31 4
537 20/ m Household el.+ aux.
Operation Produced
128 20/ m 736 20/ n
Maintenance Envelope 296 20/ m
665 20/ m HVAC 323 20/ m
RES 24 4/ m

Other23 @4/ m



CRA/Ezero

DEMO C ALSEEHEQIADE&BBOUYGUES

LCC: 1.918/m2
Invest: 1.145/m2
C0211.5kg/mz
PE: 6(kWh/(ra)

¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

General
Information

wwwwwwwwwwwwwwwwwww

- This highy compact building is
connected to theiomassasedirban

heat network(for the production of
“““““ e heating and domestic hot wat
complemented by solar thermal

photovoltaic panels installed on -

wwwwwwwww

0 -
. OOty roof.
Architect: Barré Lambot Net floor area 4590 r
Energy concept ZEB Primary EnergyDemand: 60 kWh/(n%a)
Location: Angers (Fance) Key technologies Well insulated aradrtight, balance:
Construction Date 2015 ventilation with heat recovery, ground source
pump, photovoltaic panels.
INVESTMEHNCOSTS
INVESTMENT COST DESIGN MATERIALS &
100% LABOR
= Design ~ Materals = Labor m Building site 80% 100%
80%
60%
60%
40%
40%
20%
20%
/5% 0%
_ . 0%
Esecutive design B Matesials
Definitive Design Fabis
Preliminary Design
BUILDING SITE
INVESTMENT COSTS DESIGN COSTS MANAGEMENT CONSTBCTION COST

6.180. 705 434.400 222.566 I 5.523.73



CRAVEZzero case studie

LIFE CYCLE COSTS
LIFE-CYCLE COST (40 YEARS) COST DISTRIBUTION

2 ® Design LCC over
6 i Cﬁostruction 40 years
s = Net energy consumed
E’ 3 = Maintenance
~
6
4
2
0
0246 8101214161820222426283032343638
Preliminary design Definitive design Executive design W
Construction Labor Operation
Maintenance
WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGY (40) RES/LCC
10. 374. 3.296. 3 53% 10. 358. 881.346 2%
BREAKDOWN OF THE LIFE CYCLE COST ENERGY &
MAINTENANCE
100% — B Maintenance RES T
90% Maintenance building services -
80% Maintenance building elements 80%
70% ® Energy consumed 60%
60% = RES
50% ® Building services s
40% s
B Building elements 20%
0.
0% B Executive design
20% g ) 0%
10% Definitive design Energy consumed
5 B Preliminary design En?rg}‘ produced
0% E Maintenance
BREAKDOWN OF THE UNITARY LCC
Design Preliminary 260 / 2m
80 4/ m Definitive 21 4/ m
Executive 33 @4/ m
Building Elements 7 3 4 @ |
Investment Materials Building Services 2 2 /3nd
11452 4/ 1 Construction 10232 0/ RES 390%
102320/ m Other
Labour 27 4/ m
-0/ 2m
LCC (40) Building site management 41 @/ m
1918 Heating 71 @,
a/2m Consumed Cooling 2 @
Energy 208 20/ n DHW 60 @
163 20/ m Househol d el2
Operation Produced
774 20/ m 74 4/ m
Maintenance Envelope 329 20/ m
610 20/ m HVAC 204 20/ m
RES 60 a4/ m

Other 18 @4/ m



CRA/EZero

DEMO C ABHEIDENCE AldBH8MROUYGUES

LCC: 1.980/m?2

Invest: 1.188/m2
CO2: 27.9 kg/m¢
PE:10&Wh/(ma)

General The bundlng |scharacter|zed by
Information By .: compactstructure with the search f
DRy . optimization of solar gains. T
external concrete walls were insul.
from both sidego limit heat loss. Th
building is heated by a collective wc
boiler combined with airjection. It
also ensres the production of hc
water. A photovoltaic system has
been installed on the roof.

Architect: Atelier des Deux Anges Net floor area 2776 rh
Energy concept ZEB anl PassivHaus Primary Energy Demand 106 kWh/(ra)
Location: Malaunay (France) Key technologies Highperformance, doubfux
Construction Date 2015 ventilation with heat recovery, centralized wood b
photovoltaics.
INVESTMENT COSTS
INVESTMENT COST DESIGN
= Design Materials ~ ® Building site 100%
80%
60%
40%
20%
0%
Definitive Design
@ Preliminary Design
BUILDING SITE
INVESTEINT COSTS DESIGN COSTS MANAGEMENT CONSTRUCTION CO¢

3.356.341 465. 400 430. 961 i 2.459. 908



LIFE CYCLE COSTS

CRAVEzerwase studies

LIFE-CYCLE COST (40 YEARS)

COST DISTRIBUTION

" 6 LCC over
Z 40 years
O o
3,
=
3
2
1
0
133 5 7 911131517192123:2527.2931:33.35373 = Design
Costruction
Preliminary design Definitive design Executive desigr = Net energy consumed
. X . ® Maintenance
Construction Operation Maintenance
WLCC (40) MAINTENANCE ~ MAINT./INVEST. LCC (40) ENERGY (40)
5.640. 3 1.699.0 51% 5.612.0 556.669)
BREAKDOWN OF THE LIFE CYCLE COST ENERGY &
MAINTENANCE
6,000,000 Maintenance RES 100%
_ B Maintenance building servic
5,000,000 . oy 80%
Maintenance building eleme :
4,000,000 Energy consumed 60%
MEES 40%
2 /0
3,000,000 B Building services
2,000,000 ¥ Building elements 20%
® Executive design 0%
1,000,000 Definitive design Energy consumed
B Preliminary design Energy produced
0 Maintenance
BREAKDOWN OF THE UNITARY LCC
Design Preliminary 180 / 2m
165 20/ m Definitive 0 ® m
Executive 147 20/ m
BuildingElements 55 2 @
Investment Materials Building Services 1 8 6 @ |
11882 G/ I Construction 871 20/ nRES 29 02
871 (®/ m Other
Labour 103 20/ m
-0/ 2m
LCC (40) Building site management 153 20/ n
}987 Heating 21 @
0/ 2m Consumed Cooling 11 &
Energy 2960 / 2m DHW 57 4
197 20/ m Householckel.+ aux. 162
Operation Produced
798 20/ m 48 49/ m
Maintenance Envelope 247 20/ m
601 20/ m HVAC 291 20/ m
RES 32 4/ m

Other31 4/ m



BENON CRA/Ezero

DEMO CASE1 PARBCARRE (HAUPTSTROBXDHLER & MEINZER

LCC: 1.291/m?
Invest: 778/mz

CO2: 10 kg/m?
PE: 67/kWh/(ma)

\

energythanthe national standard. Tt
envelope is highly insulated aintight.
Decentralised ventilation systems \
heat recovery have been insta
DHW, heatingand electric energy &
supplied by gas power aldeat plant
and a P\system omach building.

Architect: Alex Stern/Gerold Kéhler Net floor area 1,109 rha

Energy concept Contracting model for the quart Primary Energy Demand 67 kWh/(n%a)

energy supply

Location: Eggenstein (Germany) Key technologies Best quality thmal insidtion and

Construction Date 2014 airtight envelope. Decentralized ventilation systen
heatrecovery.

INVESTMENT COSTS

INVESTMENT COST DESIGN
= Design - Costruction 100%

80%
60%
40%
20%

0%

Esecutive design
Preliminary Design

BUILDING SITE
INVESTMENT COSTS DESIGN COSTS MANAGEMENT CONSTRUCTION CO¢

993,531 0 246,820 -0 746, 711



CRAVEZzero case studie

LIFE CME COSTS

LIFE -CYCLE COST (40 years) COST DISTRIBUTION
Preliminary design = Definitive design Executive desi = Design .
Construction Operation Maintenance Costruction
18 Net energy consumed
> = Maintenance
o 16
= 14
=12
O 1,0
O 0,8
- LCC ovel
06 P 9%
04 40 years
55
0,0
1 35 7 911131517192123252729313335373¢
WLCC (40) MAINTENANCE MAINT./INVEST. LCC (40) ENERGY (40) RES/LCC
1,966, 1 523, 57¢ 53% 1,659, 4 142,363 3%
BREAKDOWN OF THE LIFE CYCLE COST ENERGY &
2.000.000 MAINTENANCE
1.800.000 = Maintenance RES 100%
— 1.600.000 — Maintenance building servi 80%
i 1.400.000 m Maintenance building elem 50%
1.200.000 m Energy consumed
1.000.000 RES 40%
o =T Building services o
- 800.000 . 20%
Building elements
600.000 Executive design 0%
400.000 m Definitive design Maintenance
200.000 m Preliminary design Energy produced
0 I Energy consumed
BREAKDOWN OF THE UNITARY LCC
Design Preliminary 100 / 2m
192 20/ m Definitive -0/ 2m
Executive 182 20/ m
Building Elements 3 4 0 @ |
Investment Materials Building Services 19 7 @ |
77 3m20/ Construction 581 20/ n RES 4407
581 20/ m Other
Labour -0/ m
-0/ 2m
LCC (40) Building site management -0 / 2m
129120 Heating 73 4
Consumed Cooling 11 4@
Energy 313 20/ n DHW 46 4
111 20/ m Household el.+ aux.
Operation Produced
518 20/ m 2020 / 2m
Maintenance Envelope 152 20/ m
407 20/ m HVAC 209 20/ m
RES 46 4/ m

Other-0 / 2m



CRA/Ezero

DEMO CASE AaMQREWGIMOREO

LCC: 4.108/m2
Invest: 2.108/m?
CO2: 29.3 kg/m?2

PE: 13%Wh/(rfa)

The envelope and all the equipment t
been designed with the afrachieing
high peformane. Thefore thermal
equipment consists of an-agiter hea
pump, distribution through a flos
heating systerapdbalanced ventilatio
with heat recovery. In summer, a nat
chimney activates air circulation in:

General

Information

the house.

Architect: Valentia Morgti Net floor area 128

Energy concept Heat pump and condensing Primary Energy Demand 135 kWh/(ra)

boiler, solar heating panel

Location: Lodi (Italy) Key technologies Precast component, compact mo
Construction Date: 2014 central core, flexible and modular.
INVESTMENT COSTS

INVESTMENT COSTS DESIGN MATERIALS &
= Design - Costruction = Building site 100% LABOUR
100%

80%
60%

AR o

‘ 20%
h o)

0%

Esecutive design = Materials
Definitive Design Labor
INVESTMENT COSTS DESIGN COSTS BUILDING SITE CONSTRUCTION COST

MANAGEMENT
370,125 @ 24,106 13,844 332,175 1







































































































































































































































































































































