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FOREWORD

The present report hagen developedlithin Task While nZEB realizedso far have shown that the
2.2 that seup the lasis for the further project nearlyzero energy target can be achieved using
developments of Work package 5, dealing witxisting technologies apdactices, most experts
effectivenZEB business models and Work Packageree that a broadale shift towards neazBro

6, in which parametric simulations will be carrieghergy buildings requires significant adjustments to
out. currentbuilding market structureéBhe main chal-

Task 2.2 aims to collect and to structure the relenge is the osteffectiveintegration of efficient
vant information about Lif€ycle Cost ohZEBs solution sets and renewalenergy systems, in a
in an easyto use spreadsheet, adaptable for diffeiorm that fits with the development, manufacturing
ent contexts and including all the phases of thad construction industry processes, as well as with
building life. planning, design, and procurement procedures

The spreadsheet has been tested and implemented

on a series ofiZEB case studies provided by theCRAVEzero will focus on proven and new ap-
industry partners of thproject proaches to deice the costs oiZEBs at all stages
Cost optimal and nearly zenoergy performance of the life cycle. Therimarygoal is to identify and
levels are principles initiated by the European Ugliminate the extra costs fidEBs related to pro-
ionds (EU) Ener gy Per tessesntechonobgidnjifdingBopdraticsh,i andj &0 Di -
rective, which was recast in 2010. Thegeiples promote innovative business models taking into
will besignificandrivers in the construction tmt account the costffectiveness for alldrstakehold-

in the next few years because all new buildingseis

the EU from 2021 onwardsre expected to be

nearly zer@nergy buildingaZEB).
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EXECUTIVE SUMMARY

The EPBD recast EPBD recasEuropean
Commission, 20)@stablished that akwbuild-
ings have to reach bye end 0f2020the nZEB
target set by the Member States (MS)rder to
reach thenZEB targets while keeping invest-
mentssustainablét, is strategic to focusore on
the operational phadddran, Goggins, and Haj-
dukiewic42017).

The scope of thisreport is to providea

CRAVEzero cost spreadsheet, implementing a

comprehensive and structured methodology in

order to evaluate the LCC witlparticulafocus
onnZEBs.

METH ODOLOGY ADOPTED

The first partof this report describethe ap-

proach adopted for collecting the information

andthe methodology foevaluating theite Cy-
cle Cost implemented in the CRA¥O
spreadsheadnd for the evaluation of the case
studies

A datacollection template for the evaluation of

thenZEB life-cyclecostshasbeen developeaba

starting point for the upcoming CRAVEzero

LCC tool The templatis structure@ccording to

the approach provided by twminsources:

1. the Standard I1SO 15686(Buidings and
constructed assetsService life planning
Part 5: Lifecycle costing)

2. the European Code of Measuremeldbo-
rated by the European Committee of the
Construction Economs(CEEC, n.d.)

LIFE CYCLE PROCESSES

1. Political decision and urban d
sign phase

Whole- Initial
life Investment
cycle Life-
costs cycle
cost

2. Building design phase

3. Construction phase

4. Operation phase

5. Renovation phase
6. Recyclinglismantling and reus

The tool PHPRFeist et al., 201Basbeen used

for the energy performance analysiss fidol

summarises all the information dealing with the

energyelated features of the building compo-
nents andgervicesand provides a congdrensive
overview of the technologies installed.

In addition a data collection template for the

evaluation of thaZEB life-cyclecostshasbeen

developedas a startingpoint for the upcoming

CRAVEzero LCC tool The templateis

structurechccording to t approach provided by

two mainsources:

1. the Standard ISO 156B6(Buildings and
constructed assets Service life planning
Part 5: Lifecycle costing)

2. the European Code of Measuremefdbo-
rated by the European Committee of the
Construction Economis(CEEC, n.d.)

The first reference provides the main principles

and features of an LCC calculation, while the

second one describes BW-harmonisedstruc-
ture for the brealown of the building elements,
servicesandprocesses, in order to enable a com-
prehensive evaluation of the building life costs.

Following the I1ISO 15684 the analysis can in-

clude different phases of the life cycle, as summa-

rised inTablel.

INCLUDED COSTS
Non-construction cost (cost of
land, fees and enabling cpsts
externalitids
Building design costs

Construction and building site
management costs
Energy and ordinary maintenan
costs

Repair and renovation costs

ResiduaValue of the elements

phase
Table 1- Phases and costs in WLC and@C



The data collection for the CRAx#E0 spread-

sheet is structured in three parts:

1. General project information it includes the
maininformation of a case study and its con-
text

2. Non-construction costs it deals with the
preliminary costs for the WLC and the design
phase

3. Life Cycle Costs it reports all the costs for
building elements and services during con-
struction and operatipnncluding mainte-
nance and energy costs.

Life Cycle cost calculation
According to the 1SO 156862008, the LCC of
a building is thBlet PresenValue (NPV), that is

0 Household electricity [kWHh electricity
demand for auxiliaries [kWh]
1 Revenues from renewables
o Final energy generateddyyhotovoltaic
system
o Final energy generatedtbg solarther-
mal system
The energy produced from renewables is consid-
ered in the energy balance as a posgivebu-
tion to the energy consumption, and the revenues
from the renewablkeave been discounted from
the energy cosfs a general assumptiome
assumed a rate of increase otthetricity prices
in accounting fofl.0% (calculated from Eurostat
valuesn the CRAVEZero countries).

the sum of the discounted costs, revenue streams, Maintenance costs

andvalue during the phases of the selqueod
of the life cycle.
Accordingly, the NPV is calculated as follows:

5
p Q

C: cost occurred in year n;

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

1 n: number of years between the base date
and the occurrence of the cost;

1 p:periodof analysi¢40 years)

= =

Energy costs

In order to provide a homogeneaunsl compa-
rableestimation of the energy costs of the case
studies, the evaluation is based on the calculate
energy demand by using the PHPP evaluation

The analysis within CRAY&o0 is based on
standard valugsom EN 15459:2018hat pro-
vides yearly maintenance sfmt each element,
including operation, repaandservie, as a per-
centage of the initialowstruction cost. The
standard provides a detailed breakdown of the
costs for the HVAC, as reportedTiable2. For

the passive building elements, an average yearly
value accounting for526 of the construction
cog has been assumed for the evalualibe.
value has been cragdsecked with average values
coming from the experience of the industry part-
ners.

tool (Feist et al., 2012
In particular, for estimating both the ccmtsl
the revenues (due to the renevedbktalled), we
consider the following contributions, in terms of
final energy:
1 Energy costs:

0 Heating demand [kWh]

o Energy demand for domestic hot water

production [kKWh]
o Cooling demand [kWh]

Annual
Component Life Span  maintenance
(years) (% invest-
ment)
adopted adopted

Building elements 15 40

0 Air conditioning units 15 4
Control equipment 17 3
Cooling compressors 15 4
Duct system for nen
filteredyair <0 E
Electric wiring 40 1
Water floor heating 40 2
Heat pumps 17 3
Heat recovery units 15 4
Meters 10 1
Pipes, stainless 30 1
Radiators 35 15
Solar collector 20 0,5
Tank storage for DHW 20 1

Table 2. Selected maintenance values for building
services from the EN 15459:2018



Normalisation

The analysed case studies are located in different
Germany,

European countries, i.e.

Austria,

France, kly and Swedenwith specific charac-
teristics in terms of climate conditions, construc-

tion, and energy market. Therefore, in order to
compare the results of the case studies and to

ried out considering the Heating Degree Days of

sumed.

CASE

the building locations. Concernihg energy
processa commorvalue has been adopted, ac-
count i

ng for 0, 174

PRESENTATION OF THE RESULTS 9

STUDIES COMPARA TIVE

draw a general overview of the costs of the cur- ANALYSIS
rent nZEB practices, a nomtization of the col-
lected data is needéd.particular, the construc-

data from ke ECC European Construction

Cost$ that catulated a European construction

cost index thaguantifiesthe ratio among the
construction costs of EU counsid-or the cli-
mate conditions, the normalisation has been car-

DEMO CASE
Bouygues

ATP sustain
Kohler&Meinzer
Moretti

Skanska

ATP sustain

Material
Maintenance

= Design
= Energy

4%
5%

27%

9%

Green Home
Les Héliades
Residence Alizal
NH Tirol
Parkcarré

More

Isola nel Verde #
Isola nel Verde E
Solallén

Véla Gard
Aspern

I.+R. Schertler

Table 3. Case studies anaged

Labor
Other

40%

Figure 1 Life-cycle cost breakdowrd averageshare of

the phases

The second part reports an overview of the re-
sults, with the comparison of relevant indicators,

tion costs have been normalised considering the €OSts andperfomances among the case studies
considering the effect of local specificities, differ-

ent context and use of the buildifigs normal-

ised results)

TYPOLOGY
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential

Office
Office
Office

LOCATION

Nanterre (France)
Angers (France)
Malaunay (France)
Innsbruck (Austria)
Eggenstein (German
Lodi (Italy)
Milan(Italy)

Milan (Italy)

Véaxjo (Sweden)
Helsingborg (Sweder
Vienna (Austria)
LauteraclfAustria)
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Figure 2 Life-cycle cost breakdowrd normalized values.
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Figurel shows an overview of the average im- of the energy cost of the overall life cycle (calcu-
pact of all the phases on the LCE€,ittvestment lated as a balance between energy consumed and
costs for design, material labor and other initial produced). Incaseof Greenhome, the energy
expenditures is around 60% of the LCC, while reported in the chart assumes a negative value,
the energy and maintenance account for around since the energy produced is higher than the en-
40%. ergy consumed, considering the large PV field
As it was expected, the energy costs during the installed.

life cycleof a nZEBrepresent a minor contribu-

tion to the LCC, with an average of arolLiBd.

Figure2s hows t he absaofthet e values in 0/ m

LCC. It is important to point out that the contri-

bution from the RES is accounted as a reduction

m Building envelope = Building structure = Building services s RES = Other

100%
SEEERRERERRR R

80%
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20%
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Schertler-
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Figure 3. Construction cost breakdow

Figure3 reports the breakdown of the cost for ing. On the other handZEB related technolo-
the building elements, highlighting the impact on gies have amallimpact on the construction
the construction costs. #howsthat in some costs, although in comparison to a traditional
cases the structural elements represent a signifi-building the cost for the HVAC system and the
cant contribution to the construction, according integration of renewables isnma significant.

to the complexity and the dimension of the build-

CRAVEZERO SPREADSHEE TS
The third part of the report presents 12 dedicated tion). The unitarycosts and energy consumptions

technical tables, summarisingniaénresults and are normalised according to the treated floor area
indicators calculated with the CRA¥D (i.e. heated area as inserted in PHPP).
spreadsheét.e. actual results without normalisa-



DEMO CASE 9 & SOLALLEN & SKANSKA

GENERAL INFORMATION

Architect: Skanska Teknik

Energy concept Net ZEB

Location: Vaxjo (Sween)

Construction Date: 2015

Net floor area 1778 ra

Primary Energy Demand: 109 kWh/(rda)

Keytechnologies Well insulated aradr tight Balanced ventilation with he
recovery, Ground source heat pump, Photovoltaic panels

INVESTMENT COSTS

INVESTMENT COST DESIGN MATERIALS&LABOR
= Building site= Design- Materialss Labor 100% 100%
8% 80% 80%
60% 60%
10% 40% 40%
20% 20%
0% 0%
Definitive Design = Materials
Labor

INVESTMENT COSTS DESIGN COSTS VTR CONSTRUCTION COSTS
3.095.764 300.000 @ 260. 000 @ 2.535.764
Material and |l abor cost [ 0] 'mpaCttr?f F‘ZEBtteCh:‘O'O%ieS on
0 50 00QL00 0050 00ROO 00R50 00800 000 © investment cos
" Flat roof Construction cost 2.535.764
08: Ground flo0r E— ——————— [ 0] u
Floor next to unheated RES 5%
% External wall HVAC 18%
= Wall next to unheate G DHW 204
o .
% WlndOWS ] VMC 50
kS .
2 Shading Systemg Heding 10%
= External Doors g _
= E — Windows 6%
cg Internal partition m——
g uij Internal door | Final Energy Consumption
§ Heating syst(?m Egaetri% c[ikevr\r;ﬁl]nd 32.688
S DHW production mm
o ) Energy demand 785
A Cooling system % cooling [kwWh]
£ Ventilation unit s Energy demand 11.138
S . DHW [kWh] '
S ElectliC m—
m ] Household elt. + aux. 47258
Hydraulic systemg [kWh] :
w
n PV Annual RES
[hd I
< o generation [kWh] 32.688
6 (] Other I A |CQ
nnua 48.895

Preliminary Design

Mat eri almLabotur|[ Tlos't

[ O]

Emissions [kgCg&)



LIFE CYCLE COSTS

LIFE-CYCLE COST (40 YEARS)

COST DISTRIBUTION

= Design

Costruction
= Net energy consumed
= Maintenance

21%

»
79% )

59%

RES/LCC
3%

ENERGY (40)
576.689)

ENERGY&
MAINTENANCE

100%
80%
60%
40%
20%

0%
Maintenance
Energy produced
Energy consumed

5
&5
5 4
j 4
=3
3
2
2
1
1
0
0 2 4 6 8101214161820222426283032343638
Preliminary design Definitive design
Executive design Construction
Labor Operation
Maintenance
WLCC (40) MAINT . MAINT./INVES LCC (40)
5.548.872 916.519 30% 4.588.972
Breakdown of the Life Cycle Cost
4500000 Maintenance RES
4 000 000 - = Maintenance building servict
3500 000 Maintenance building eleme
3000 000 Energy consumed
2 500 000 = RES
2 000 000 m Building services
1 500 000 m Building elements
1 000 000 Executive design
500 000 Definitive design
0 — ® Preliminary design
Design Preliminay
143 20/ m Definitive
Executive
Investment i
147420/ m _ e
onstruction
12082 04/ m
Labaur
LCC (40) 611 20/ m
218521 Building site management 124 20/ m

Energy

275 20/ m
Operation
711 20/ m

Maintenance
436 20/ m

Other13 @/ m

Consumed
296 20/ m

Produced
21 4/ m
Envelope
HVAC

RES

280 / 2m

115 240/ m

-0/ 2m

Building Elements 348a/

Building Services 162a/
N RES 43 al

Other

43 @/ m

Heating 105a/

Cooling 3 @/

DHW 360% r

Household el 2+

156 20/ m
225 20/ m
43 ®/ m



CONCLUSIONS AND FURTHER DE- one of the futurekey developmest of the
VELOPMENTS CRAVEzero spreadsheet will be the implementa-
Deliverable D2.2 describes the approach for the tion ofuncertaintyanalysis, in order to allow for a
life cycle cost analysis of the CR&&fB case probabilistic calculation considering all the fac-
studies, including the boundary conditions and tors and boundaries affecting the LCC.

detailed specificities of the calculation. Another future development of the CRA¥ED

The survey of the case studies represents the calculation approachill be the implementation
database of information that will support the of the cebenefits of NnEBS (e.g. increased com-
further developments of the project, dealing with fort, building values, health, etc.) inet@nomic

the identification and the reduction of the extra analysis

costs in technologies and processes. A comprehensive approach for evaluating LCC
On the one hand, the awility of databases including uncertainties andlmenefits is strategic
with actual building LCC would help to increase to enable theéZEB marketuptakeand will be

the reliability of the evaluations, providing useful developed in the future acts of the project
benchmarks and references. On the other hand,
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1. INTRODUCTION

The EPBD 2020/31/EU [1] established that all LCC witha specialocus onnZEBs. The spread-
newbuildings have to reablgthe end oR020the sheet has bearsed foranalyginga set of exempla-
nZEB target set by the Member States (MS). Neay-nZEBs represerihg current best practices across
erthelesshere are still many barriers affecting theurope.The gatheredhformationwasfed into a
update process of the construction markets towantltabasen costs and performancd$e database
nZEB. In fact, even though the MS establishddrmsthe basisfor the future developments of the
minimum nZEB requirements according to theproject.

costoptimal principles indicated by the EPBD, th&he first pa of this report describele approach
extracosts of investant fornZEB technologies is adopted forcollecting the information anithe
rarely accepted by stakeholders. This is mainly tmethodology forevaluating the ife Cycle Cost
cause the investor usually adopts a reduced timgplementd in theCRAVEzerospreadsheet.

horizon for evaluating the cagitimality of an This approach was used to collewd anale data
investment, and this stronglffects the building from 12 case studieIhe nhformation has been
design and the reachableyeé#s as stated if2].  provided by the companiesBouygues, Skanska,
CRAVEzeroaimsat identifyng the extracosts of Kohler & Meinzer, ATRustain, Moretti, that par-
nZEB in a life cycle perspective in order to proposiipated as desigeegeneral contrackor tech-
solutiondor costreductioror cost shifting nology providerin the building construction pro-
In fact in order to reach theZEB targets while cess

keging investmentsustainable for the useitsis The case studies have baealygedto identify the
strategic to focumore onthe operational phaka). nZEB related cost of the building elements during
In this regard, introducing the Life Cycle Coshe life cycle phases, starting frondigsgrto the
(LCC) assessment as a driver in the design phasenstruction and operatigmase including energy
one of thekey points to foster thenZEB market and maintenance cost.

uptake.A structured methodology fassessing The second part reports an overview of the results,
building LCC, withbenchmarksexemplarycases with the comparison ofelevant indicatorgosts
and standard valiés needed. D2.2 represeat andperformanceamong the case studies consider-
starting point for developing a structured approaatg the effect of local specificitiifferent context
for LCC evaluations, includidgtacollection tem- and use of the buildin{jse. normalised results)
plates, references astdndard costs to be adoptedlhe third part of the report presents 12 dedicated
for preliminary evaluations. In fact, one of the matachrical tables summarising thmainresults and
drawback of the LCCanalysiss the high level of indicators calculated with t8B&RAVEzero spread-
uncertaing affecting the evaluation of the costsheefi.e. actual results)

during the building life cyfé Collectinga large Thesetechnicatables and thdatabase of thease
amount of information on LCC costexemplary studies represent the basis of the project
buildingswould allow to reduce uncertaintig®- CRAVEzero. On the one handhey provide a
vide reliable figures of costs and performancesaofmprehensive overvievexemplarmZEBs, with
nZEBs andmale more reliablestimatsduring the a cleamethodology to be replicat€h the other
design pase. hand, heyrepresenthe source of datnd infor-
The scope of this taskicsaddresthese drawbacks mationfor defining the baseline of the current costs
and barriers, by providing a CRAVEzero cosind performance ofZEBs, as a baser the fur-
spreadsheet, implementing a comprehensive #mer activities of the project.

structured methodology in order to evaluate the



2. DATA COLLECTION

2.1 STRUCTURE THE INFORM

ATION

The first step of the analysis was to prepare a data The first reference provides the main principles

collection template iorder to gather all the sig-

nificant information dealing with the coatsl

performancesf technologieand processes dur-
ing the buildingifecycleof the analyed case
studiesln particular, it has been decided to sepa-
rate the performana@malysisrom the coseval-
uation.The tool PHPH5] has been usddr the
energy perforance analysis. iSlool summaris-

es all the information dealing with the enrergy

related features of the building components and

servicesaind provides a comprehensive overview
of the technologies tadled

In addition,a data collection templaker the

evaluation of theZEB life-cyclecostshas been

developedas a startingpoint for the upcoming

CRAVEzero LCC tool The template is struc-

tured according to the approach provided by two

mainsources:

3. the Standard 1SO 15686 (Buildings and
constructed assetsService life planning
Part 5: Lifecycle costing)

4. the European Code of Measuremeldbo-
rated by the European Committee of the
Construction Economis(CEEC, n.d[B].

LIFE CYCLE PROCESSES

1. Political decision and urban d
sign phase

Whole- Initial
life Investment
cycle Life-
costs cycle
cost

5. Renovation phase
6. Recycling, dismantling and rel

2. Building design phase

3. Construction phase

4. Operation phase

and features of an LCC calculation, while the
second one describaa EU-harmonisedstruc-
ture for the breakdown of the building elements,
servicesandprocesses, in ordereéoable a com-
prehensive evaluation of the building life costs.

In particular, following the ISO 15686 the
analysis can include different phases of the life
cycle, as summarised Table 2. Whole Life
Costing (WL) includeghe initial phasedealing
with political decisiemaking and urban design,
which influencethe cost of landas well as the
feesneeded for allowing thealisationof the
building from the technical and administrative
point of view

The Life Cycle Cost (LCOphdexis focused on
the design, theonstructionand the operation,
and includes the cosistil the end of lifewhere

the residual values of the elenaptaken into
accountWithin this report and for the case study
analysis, alsogh 01 ni t i aliscdngidv e st me
ered, constituted bgosts for design and con-
struction of the building.

INCLUDED COSTS

Non-construction cost (cost of
land, €es and enabling cgsts
externalitids
Building design costs
Construction and building site
management costs
Energy and ordinary maintenan
costs
Repair and renovation costs

Residuabalue of the elements

phase
Table 2: Phases and costs in WLC and LCC



Whole-life costing (WLC)

Non-constrction cost

Life-cycle cost

LCo)
|

Income Externalities

Constrction

Figurel summarizes the definition of whble

Operation Maintenance End-of-life

Figure 1 Life-cycle costng according to ISO 15686:2008.

The data collection for th@RAVEzero spread-

cost (WLC) and lifeycle cost (LCC) according
to the norm 1SO 15686:200he WLC evalua-
tion also includes revenues generated by the

sheet is structured in three parts:

1. General project information it includes the
maininformation of a case study and its con-

building, e.g. rental income, energy produced and text

delivered to the grid, etc.

At this stage he eneof-life cost is not included

2. Non-construction costs it deals with the

in the evaluation sinckke for the most of new
and existing buildingdere is no availability of 3.

preliminay costs for the WLC and the design
phase

Life Cycle Costs it reports all the costs for
building elements and services during con-

structured and relevadata from the case stud-

Ies.

struction and operation

General PI'OjECt Information / Energy COStS (cravEzero cost Spreadsheet based on 150 15586 and EconCalc - for internal use only}

Cell to be fillad-in Automatic ¥
Cellto be filled-in with with tex: - calculation o
CELL LEGEND calculation finsl
inputvaluss (intermedists
results)
results)
B ProJECT DATA
Name [Faupesr 131 Parkearré |
NationlRegionlcity [Faupeser 131 Parkearrd |
Lacation [zerman . Baden-Wiirtremberg |
Author [eerolakanter Thomas Stack: |

Building UsefTypolagy
Construction year

- BUILDING SURFACES AND YOLUMES
Gross Hoor area (GFA)

Net floor area (NFA)
Gross Yolume
Net Yolume

UNHEATED AREAS
Gross Hoor area [GFA)

Net floor area (NFA)

Gross Volume

HNet Volume

OTHER AREAS

Balconies, Terraces, Winter gardens, porches_

year af the end of the building constuction ieference yeat for the LCC analysis)

d floor area of the buildi d to the external face of the exteinal walls

is the floor heated area of the building measured to the internal face of the external walls without lift, columns and ducts.

is the tatal heated volume of the buildin o tor i 1alface of th | walls

is the tatal heated volume of the building measured ta the internal face of the external walls without lift. columns and ducts.

iz the tatalunheated flacr ares of the bulding messursd o the sutemal face of the sutermalw allz

iz the Haor unheated area of the buildin, dtathelr Iface of the withoue ift, o ducts.

velume of the bulld) dtothe | the

valume of the bulld) d o the intermal face of the extemalw alls withaut I, solumns snd dusts.

secondary suraces

Figure 2: Data collection template sheet @ Project information



Figure2 s hows a scr eens hot theddilding (gress/nétchted/unheatdd surfaces
project informationd t eandpvblunmes, the possihle ihcoraes geoeavated eyc t i
the maininformation of the building (property, the rent, the energy prices to be adopted for the

use, year of construction), the geometric data of evaluation andperatiorcosts.

WHOLE-LIFE COST

NON-CONSTRUCTION COSTS
he building Urban d Possib b Medium heigh " Possible surface ares to built

PRICE ENABLING COSTS

DefiniveDesign | Esecmivedesign | TOVALDESIGN COSTs

[ —|

R

ma s e s e mmm e

Sillc
9% €

Figure 3: Data collection template sheet 8 Whole-life cost

Figure3 displaysan overview of the second part maintenance of the building elements and ser-

of the spreadsheet, where the-oonstruction vices. This part isrganzed according to the
costs are collected. In peular, hereis a break- building structurewith the breakdown of the
down of the costs déay with the preliminary building elements (roofs, walls, windows, floors,
phases(i.e. enabling costs caradministrative etc), services (heating, cooling, ventilation sys-
fee3, andthe cost of land and the finance costs tem, etc.) and renewabiestalled (photovoltaic,
(i.e. thecharges needed fitre bank loarfor the solar thermal, etc.). For eachldingy element,

initial investment Moreover, this sheet includes the sheet allows for the collectidrihe costgor

also the costs for thikesign process, structured in - materials andabor during the construction
preliminary, definitive and exéve phase and phase, and the maintenance during the operation.
for the management of the construction site. Each elemertan beanalgedwith a higher level
Figure4 shows thepart of the template to be of detall, sepaiag each layesf the constiction
populated with costs for construction and and each subsystem of the plant



‘COSTRUCTION COSTS

Life Cycle Cost

CONSTRUCTION COSTS (Based on ISO15686) MATERIALS

AGGREGATED or DETAILED

I —
Roafs

Flat raof

Pitched raof - Ceiling next to air (outside)

gs

g next to unheated area

g next to ground loutside]
Floors

Floor neat to ground (outside)

Floor next to air [outside)

Floor next to unheated area (like garage)
Walls

External wall

Wall next to unheated area [garage...)
Y all next to ground (outside)
Windows

Shading Systems

External Doors

Internal elements [next to heated areas)

AB.1  Internal partition
A8.2  Internal flooriceiling
A8.3 Internal door

A3 Structural elements

A9.01  Foundations
A3.02  Raising structure
A0 Other elements
A10.01 Baloony

A10.0Z Banisters

A10.03 Chimney

A10.04 Stair
A1D.05 Lik
A10.06  Other

BUILDING SERVICES

BLO1  Heating system 1

BLO1  Heating generation Element n 74361 o I e i
BLO1  Emission system Element n 500001 e I e hm2
BLO1  Emission system Element n I me Imz

Figure 4: Data collection template sheet 3 Life-cycle cost
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50.000.001
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Tot.

67.436.001



3.OVERVIEW OF THE CASE STUDIES:

3.1 DESCRIPTION OF THEC ASES

As one of the backbones of the projgé2tcase the design and/or the constructionoperational
studieshawe been selected aadalyedin terms phase of the buildingandthus have access to
of Life Cycle Costs, according to the framework detailed relevant dafthese casstudies include
described in this deliverable. In particular, the both residentialand office buildingsand are

Industry Partners provideinformation on 12 located in theCRAVEZero countries ltaly,
existing reference buildings, considered as repre- France, Germany, Swedsrd Austria. The fol-
sentative of the currenédt practices in the con- lowing sections report a brief overview of the
struction of newnZEBs with different functions main features of the case studies.

and contexiThe Industry partners participaied

CASE1 :Greén Homed 8 BOUYGUE S(GreenHome-Res)
General information
1 Owner: Condominium ownership
1 Architect: Atelier Zindel Cristea
1 Location: Nanterre (France)
1 Year of constructior016
1 Net floor area®267m2
Key technologies
1 Tripleglazed windows
1 Decentralized ventilatiavith 96%of heat
recovery
1 Heat recovery on grey water (with a wat
to-water heat pump)

Green Home is a phenergyresidentiabuilding been implemented, except for a small electric
located in Nanterre, France. Tpeciaffeature resistance in the ventilation system, used when
of this building is that it operates without heating the aitside temperaturevsry low A centralized
and coolingsystems. This building haery low heat pump withvery high efficiency (perfor-

energy needs (80% less than a conventional one),mance coefficient equal to 7) uses the heat recov-
thanks to a bioclimatic approach and a- well ery of grey water to produdemestichot water.
insulated envelope (external insulation, triple Green Home was designed to consume less than
glazingandthermal bridgeptimization close to 23 kWh/m? primary energach year for heating,
passive house standard. Aesallt, a double flux cooling, ventilation, lighting amtbmestichot
ventilation system with 95% heat recovery is water, which is almost 3 times less than what is
enough to meet almost 100% of the heating required by the RT2012 (the French thermal
needs of the apartments. No heating system has regulation for buildings).



CA S E L2sHélmdesh d BOUYGUES (Héliades-Res)
: N T— General nformation
& ey 1 Owner:Podeliha
' 1 Architect: BarréLambot
1 Energy oncept: ZEB (heating, coolin
ventilation, lightinggndSHW)
71 Location: Angers (France)
_ T Year of constructior2015
e P 1 Net floor area: 45902m
. Key technologies
1 Well insulated arartight
1 Balancedentilation with heat recovery
1 Ground source heat pump
1 Photovoltaic panels

The Hédiades residencevhere 57 families have  compactnessis connected to therban heat
been installed since March 204 fefined as a network powered with biomader the produc-

Positive Energy Building (BEPOSIL was de- tion of heating and domesliot water, comple-
signed by the architect Barembot andBouy- mented by solar thermal panels and photovoltaic
gues Batiment Grand Ouestith the goalto panels installed ahe roof. Solar gairarefa-
combinethe comfortof the inhabitants and con- voured by largdy glazedfagade,mainly facing

trol of energy. Me building with high shape south.

CASE 3 O0Resi deddBGIYRUES AlzariiRes)
General information

/\ 1 Owner: Haitat 76
; _ f Architect: Atelier des Deux Anges

1 Energy oncept: ZEB (heating, cooling, vel
lation, lightingandDHW) andPassikaus

71 Location: Malaunay (France)

1 Year of constructior2015

1 Net floor area2776n?

Key technologies

1 High-performance envelope (tépylazing, in
ternal and external insulation)

71 Balanced ventilation with heat recovery

1 Centralized wood boiler

1 Photowltaics

Labdled Passivhaus and Promotelec RT 2012 tem with vatilation with a biomassboiler and
20%, this residentms31 apartments and 1 stu- reinforced thermal insulation.

dio. The design of the project was wigel to Furthermore, a large part of the spaces and ser-
meet a high standard of energy performance, vices are shareamongthe different residents
relying on the compactness of buildings, the con- (local bicycles and strollers, optidaie, local

trol of solar inputs and of the orientation and the compost).

management of renewable energies. Electricity Residentiacommon laundry and guest bed-
generation via photovoltaic panels, heating sys- room are also integrated into the new building.



CASE4: 0 NIH r ®ATB sustain(NHTirol -Res)
o General information
1 Owner: Neue Heimat Tirol
1 Architect: ArchitekturwerkstaiN A4
1 Energy oncept: Cogeneration unit woc
solar thermal ener@HW) and ventilatior
with heat recovery
1 Location: Innsbrucf@ustria)
1 Year of constructior20082009
1 Net floor area: 4495%m
Key technologies
1 Centralized pellet boiler

This isone ofthe largest residential compkex ation of the solar system) is covered by the pellet

built according tahe passiveduseapproachn boiler Due to the low heating demand|yotine
Europe.Heatings suppliedy a pellet boiler and outer surfaces (edge zones) are heated by means
a gas condensing boiler, whereby approx. 80% of of a floor heating system.

the annual energy requirement (without consider-

CASES: Pavkcarré 6 Kohler & Meinzer (ParkcarréRes)

= General information

) ' Owner: Owner’s Association

w 9 Architect: Alex Stern/Gerold Kdhler

& 1 Energy concep€ontracting maa for the quar-

- ter energy supply (DHW, heatiagdelectricity)
, for all buildings with a local dasiler anca P\
system

Location: Eggenste(Germany
Construction date: 2014
Net floor area: 11092m
technologies
High level of thermal insulation
Best quality heabridges optimization and an
airtightenvelope
9 Decentralized ventilation system with heai
covery (2 system/apartmgnt

Ke

== ===

The case study is aultrfamily homewith 4 er and heat plant and a PV system on each build-
floors, 10 dwellings, within a quarter of 6 build- ing.Moreover, the social aedonomicsustaina-
ings, each with 4 flooemd overall 66 dwellings. bility has been taken into account by the project.
This building consumes 40% less than national On the onehand,one of themainobjectives in

standards requireents The envelope ikighly develping this multfamily house was to create a
insulatedand airtight. Decentrisled ventilation type of building which can meet different de-
systems (for eachdwelling) with heat recovery = mandsOn the other hand, the designers focused
have been installed. DHW, heating aeledtric on the coseffectiveness of the construction to

energy of all dwellingsesupplied by a gas pow-  guarantee affordable costs of the dwellings



CASEG6: Mareo 0 Moretti (More-Res)

General information

1 Owner: GroppiTacchinardi

1 Architect: Valentina Moretti

1 Energy concept: Heat pump andndens-
ing boler, solar heating panel

1 Location: Lodi (Italy)

1 Construction Date: 2014

1 Net floor area: 1282n

Key technologies
1 Precast aoponent
1 Compact model home
1 Central core
1 Flexible and modular

Groppi represents one of the typologies of recovery, electric system automatioreummey
prefabricatedsinglefamily house produced by a natural chimnegctivatesair circulation inside
Moretti. The envelope and all the equipment have the house, thus suaring natural ventilatiom
been designed with the aim to achieve high per- addition,the installation of special selectine
formance. The thermal equipment consists of an low emissivityglassegnsuesa low cooling de-
airwater heat pump, distribution through a floor ~mand

heating systenhalancedventilation with heat

CASE7-8 01 s ol aANBOBMovettir(lsomA-Res/IsolaB -Res)

General information

f
f
f

1 Owner: IsolaelVerde g.1.

1 Architect: Studidssociatdcureka

1 Energy concept: cogeneration system,
thermal heat pump, photovoltaic and s
thermalpanels

1 Location: Milan (ltaly)

7 Construction Date: 2012

1 Net floor area: 140@)+1745(B) m?

Key technologies

Cogeneration sysh
Geothermal energy
Green roof

The complex has two buildings, A and B that are with the integration ophotovoltaic and solar
considered separately in the LCC analysis, for the thermal panels.

different configuration. Thepartments are heat-
ed by radiant floor pangéédthe conditioning is
suppliedby afan coil plant The buildings of
"Isola nel Vetdpresentexcellent acoustic and
thermal insulation.

Moreover, thénsulatedyreen roof redus¢he
cooling demand. The energy is supplied by a
geothermal heat pump for heating and cooling,



CASE9: S0 | a bSKBMSKA(SolallénRes.)

> " _ General information

Owner: Brf Solallén (Tenant owned)
Architect: Skanska Teknik
Energy concept: Net ZEB
Location: Vaxjo (Sweden)
Construction Date: 2015
Net floor areal778m?2
Key technologies:
1 Well insulated aradrtight
1 Balanced ventilation with heat recovery
1 Ground source heat pump
1 Photovoltaic panels

= =4 —a —a —a -2

Weltinsulated buildings, using 50% less energy equipment time on site and sourcing local timber
than Swedish code requirements, an energy de-for the structural frames and fagades material.
mand of 30 Wh/m2 together with a photovolta- Zero hazardous and unsustainable mateeats

ic system and geothermal heating and cooling used, all used materials have laggmoved by
systems havked to a net zero primary energy Svanen Nordic ecolab&he buildingsise 45%
balance During construction37% of embodied less watehan typical newly built Swedsimes
carbon savings was achieved, using foundation andhaveintegratd photovoltaicsystera

materials efficiently, minimizing constion

CASED: 0 Valil @&8KBNSKA(ValaGardOff.)
General information
Owner: Skanska Sverige AB
Architect: Tengbom
Energy concept: Net ZEB
Location: Helsingborg (Sweden)
Congruction Date: 2012
Net floor area: 16702m
Key technologies
1 Well insulated aradr tight
1 Balanced ventilation with heat recovery
1 Ground source heat pump
1 Photovoltaic panels

= =& —a —a a8 -2

Véala Gards composedf two buildingsused as with ahigh level of insulatipandit is equipped
an office. A prefabricated 120mconcrete wall with solar cells and grousdurce heating. As a
with 200 mm graphite EPS is used. Heat and hot consequence odll thesegreen initiatives the
tap water are produced using a geothermal heat buildinghas beercertified under Leadership in
pump that can also be used for cooling. A de- Energy and Environmental Design (LEED) at
mandcontrolled ventilation system is used to the highest level, LEED&inum.

ensure air qualitffhe building wasonstructed
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CASE1tT 0 As p & AT sust@riAspernOff.)
] General information

| 1 Owner: City of Vienna
91 Architect: ATP Wien
1 Energy concept: Renewable power, ¢

ronmental heaandwaste heat

1 Location: Vienna (Austria)
1 Year of construction: 2012
1 Net floor area: 88172m

Key technologies
1 Groundwateheat pump

1 Photovoltaics
1 Small wind turbine

Aspern 1 Q is |l ocated i ndeclaiateomandotalso beea anargied dreQOGBB o p e d
ur ban | a kAsperit d & u satr reiaa 80s Bulildimg QQaadity Certificate. The energy demand
urban development project and one of the largest of the building has actively been lowered by
in Europe. The lilding was designed in line with measures in the design of the building form
Plus Energy standards and is conceived as a flag-(compactness), orientation and envelope. A bal-
ship project which shewthe approach to creat anced glazing percentage, the highly insulated
a Plus Energy building adapted to locally available thermal envelope in passive house standard, op-
materials and which offers the highest possible timized details for reduced thermal bridges and
level of user comfort whilmeeting the demands  an airtight envelope (®Ver Door Test=0,4 1/h)

of sustainability. The Technology Centre received beating the Austrian building regulation OIB 6 by
a maximum number of points in kgnaaktiv 55%

CASE 12: 01 .0ARP sustam(BehertetO#.y 0

per - General information
'i . " & '1 B 1 Owner: .+R. Schertler Alge GmbH
AR ® 1 Architect: Dietrich Untertrifaller Architekte
1 Locationlauerach(Austria)
1 Year of construction: 202013
1 Net floor area: 27592m
Key technologies
1 Reversible geothermal heat pump

The new corporate headquarters of itHe notable for its high comfort leveldghquality
Group were designed with a focus on the aspects daylight, renewable energies (heat pugsus,
of greater comfort, natural materiatsd renew- thermal heatand photovoltaic plant), compact

able energy. The building has been designed to building form,recycled materials and the use of
obtain the LEED Certification. The building is  timber as a natural material.

11



3.2 DATA COMPLETION

The collection of the information of the case fore, the templatalsoallows for including the
studieshas been carried out through the template aggregated costs for each building elerrent

described in Sectidgh It wasfilled out bythe addition, to check theompletionof the costs

CRAVEZero industry partnergith the support inserted by thepartners for the construction
of the research partners. Since ihaustry phase, the template includesoasistencgheck

partnersdealt with different phases of the Life  with the actual total construction costs.

Cycle of theanalyed case studiege.g. design, Table3, Table4, Table5 andTable6 summarize

construction, etc.), the availability of datanats the level of completion of tlease studin the
in compliance with the most detailed level re- different sections of the template
guested by the template for all the phasese-

CASE STUDIES PROJECT INFORMATION
Project Building Buiding  Income Viewing Energy
data geometry cost perspective price
Green Home X X X -
Bouygues Les Héliades X X X - X
Residence Alizari X X X -
ATP sustain  NH - Tirol X X X X
Kohler .
&Meinzer Parkcarré X X X X X X
More X X X - X X
Moretti Isola Nel Verde A X X X -
Isola Nel Verde B X X X - X
Solallén X X X -
Skanska . o
Véla Gard X X X -
. Aspern X X X -
ATP sustain P
I.+R. Schertler X X X - - X
Table 3: Projectinformation available for the case studies
In particular,Table3 repors the overview of the from the EurostatdatabaseTlable4 reports the
project information sheethich collects general information included in the second sheet of the
data such as building surface and volumess;- templ ate OWLCO6 that- coll e

all building costsevenues and energy prices. Itis life costs, such as noanstruction costs, design
possible to point out agsificant lack of data and building site management costs. Concerning
about income sources (only two cases have avail-the design cost, the availability of data is quite
able info). This will not permit to carry out gen- good while thereis no detailed information for
eral considerations abdbe revenue streams in each level of design (i.e. preliminary, definitive,

the lifecycle of the building (Sectibr? reports executive)The cost of this lpasds always avail-
an exmple of analysis including revenues and able except fothe casedsola nel Verde and
incomes in the building L& Parkarrg Green Home. On the other hand, only 27% of

Moreover, most of the partners did not fill in the the requested data have been inclidlewn
energy prices (since they are not dealing with the construction costs, and none of the partners re-
building operation and are not aware of the ener- ported on finance costs.

gy costs)Missing emgy pricedhave been taken

12



CASE STUDIES DESIGN COSTS BSM NON -CONSTRUCTION COSTS

Cost User

PD DD ED of Price Enabling Planning support Finance
Land costs fees costs costs
Green Home - - - X - - - - - -
Les Héliades X X X X - - - . X -
Residence Alizari X X X X - - X . - .
Aspern X - - - X X X X - -
I.+R. Schertler X X X X . . X . - X
NH - Tirol - X - X X - - - - -
Parkcarré X - X - X X - X - .
More - X X - - - - X - -
Isola Nel Verde A - - - - - - X - - -
Isola Nel Verde B - - - - - - - - - -
Solallén X X - X X X X X - .
Vala Gard X X . X X . X X . .
Table 4: Wholelife cycle costs (design, building site managemen&nd non-construction costs) available for the case
studies.
TableSisthet hi rd sheet, 0 L C @dye, indicated Witk letters, framoAd to E. Those

struction andlabor costs for the demo cases. In  correspond respectively to costs of roofs (Al),
particular, the template was created for collecting ceilings (A2), floors (A3), walls (A4), windows

both material andabor costs Consideringhe (A5), shading systems (A6), external doors (A7),
availability of the informatidior the case stud- internal elements (A8), structural elements (A9),
ies when the breakdown &Hbor cost was not other elements (A10), heating system (B1), do-
available, the parnseincludd the overall values mestic hot water production (B2), cooling system
in the construction costata sheet. (B3), mechanical ventilation system (B4), electric

It showed thatconstructions costs related to  (B5), hydraulic system (B6), renewable energy
building elements are widely available, whereas sources (C), other installations and equipment
those related to building services presemre (D) and site and extainwvorks (E).
significant lack of datdhe cost categes are

COSTRUCTION COSTS

Al A2 A3 A4 A5 A6 A7 A8 A9 A10 Bl B2 B3 B4 B5 B6 C D E

Green Home X - - X X X - X X X - X - X X X X X X
Les Héliades X - X X X X X X - X X X X X X X X X X
Residence Alizari x - - X X X - X X X X - - X X X X - X
Aspern X X X X X X X X X X X X X X - - X X -
|.+R. Schertler X - - X X X X X X X X X - - X - - X X
NH - Tirol X - - X X X - X X X X - - - X X - - X
Parkcarré X X X X X - - X - X X X - - X X - - -
More X - X X X X - X X X X - - X X X X - X
Isola Nel Verd&  x - X X X X X X X X X - - - X - - - X
Isola Nel Verde B x - X X X X X X X X X - - - X - - - X
Solallén X - X X X X X X - - X X X X X X X X -
Vila Géard X X X X X X X X - X X X - X X X X X -

Table 5: Construction costs availat# for the case studies
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Table6 highlights the availability of information  not complete, and onlg few cases were de-
dealing with th&aborcosts for the installation of scribed \ith thefull level ofddail setup for the
the components. As it céie noticd, thecom- analysis

prehensive LC@©verview of the case stesl is

CASE STUDIES LABOR COSTS
A A A A A A A A A A1l B B B B B B CDE
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6
Green
- - - - - X - - X - - X - X - - X - -
Home
Bouygues LesHéliades x - x x X X X X - - S e T
Residence u ) . B ) . . .= . . . . .
Alizari
ATP .
sustain NH - Tirol - - - - - - - - - - - - - - - - - - -
Kohler Parkcarré X X X X - - - X - - S T S
&Meinzer
More X - X X - - - X - - - - - - - - - - -
) Isola Nel
Morettl Verde A - X X - - - - - - - - - - - - - - -
Isola Nel
Verde B " B - ) ) ) ) ) ) ) ) ) ) T
Solallén X - X X X X X x - - X X X X X X X X -
Skanska .
Véla Gard X X X X X X X X - X X X - X X X X X -
ATP Aspern X X X X - - - X - - - - - - - - - - -
sustain l.+R. oL . oL
Schertler

Table 6: Labor costs available for the case studies

Finally, after a preliminary round of data collec- the Standard ISO 15459 that reports the mainte-
tion, the anabis of the maintenance costs has nance for eacklementas a percentage of the
been based on literature information. In fact, construction costs.

since the buildings ageitenew, it is not possi- In addition to the data collewnt template about

ble to report actual maintenance costs, and the the costs, the partners were requested to prepare
partners have not carried out this evaluation dur- a PHPP file that includes all the information
ing the design phase. In thégard, it has been dealing with the energy performance of a build-
decided to include the maintenance costs calcu- ing. In this case, the data reported by the partners
lated witha commonapproach, as indicated in are complete in all thePHPP files
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4. MET HODOLOGY FOR DATA EL ABORATION

4.1 LIFE CYCLE COST CALCULAT

The following sections descritiee procedure
followed for the data elabbca and the calcula-
tion of the life cycle costs appliedthe case
studies

In particular, the approach is based orstiued-

ard 1SO 15686:2008This standard provides a
structured methodology for calculating LCC of
buildings, setting the general principles, phases
andassumptions of the evaluation.

In addition, we considered the building elements
breakdown as indicatedthe European Code of
Measurementa document elaborated kye
European Committee of the Construction Econ-
omiss (CEEC, n.d,)which provides a standard
for the subdivision of costsin order tomake
LCC analyses comparable at EU level.

Following the framework of 1ISO 1568&008,

the first step in the calculation of the LC@is
set thetime period according to the purpose of
the analysisThe standard indicatesaththe
largesperiod to be selected is 100 years. On the
one hand, shorter periods allow more reliable
assessents, since the tirumcertainties are less
affecting. On the other hantbnger periods,
while having more uncertié@s in theresults,
allow br more comprehensive evaluations,
cluding the maintenance costs fosignificant
time frameAs statecby Dwaikat and Alj7] ¢ he
International standard ISO 15@8B008 rec-
ommends that the estimated service life of a
building shouldnto be | ess t han
Furthermore,[8] suggesd an analysis period
between 25 and 40 yeaince the present value
of future costswhichariseafter40 yearsnay be

not consistent because afargenumberof un-
certainties Therefore for the purposes of the
project, a period of 40 years has been selected.
According to the ISO 156862008the LCC of

a building is thBlet PresenValue (NPV), that is

4.2 DETERMINATION OF THE

In order to provide a homogene@rsl compa-
reble estimation of the energy costs of the case
studies, since the official bills were not available

ION

the sum of the discounted costs, revenue streams
andvalue during thphases of thgelected period

of the life cycle

Accordingly, the NPV is calculated as follows:

1 C: cosbbccurredn year n;
9 d: expected real discount rate per annum;

1 n: number of years between the base date
and the occurrence of the cost;

1 p:aperiodof analysis.

The discount rate is one of the most Sigmit
parameters to be considered in the LCC. Within
CRAVEzerg as a general boundaaycommon
value for all the case studies has been adopted.
The selected value is taken fieRRED Econom-

ic Databaséhttps://fred.stlouisfed.org] which
provides an intest rate of .51%.

Moreover, osts are groupedccording tothe
phases of the life cycle: design, construction,
building site management, operaticand
maintenance. lthe caseof WLC, also cost of
land and the neoonstruction costs have been
included. Concerning design and construction
costs, the partners delivered the data and infor-
mation accordingto the template described in
geqlicgw 2 fy SIhle ge%timaitiqn fogngg_y and
maintenance costs, a set of assumptiang
beensetup and described in the following sec-
tions.

The following sections report the approach
adopted for estimating energy and maintenance
costs in the life cycle.

ENERGY COSTS

in most of thecases, the evaluation is based on
the calculated energy demand. In particular, the
energy performance analysis has been carried out
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by usingthe PHPP evaluation tof] PHPP
tool allows for implementing all the data dealing
with the energlgehaviouof a building, including
the features ahe envelopeHVAC system and
renewabkeinstalled.
In particular, for estiating both the costs and
the revenues (due to the renevedbktalled), we
consider the following contributions, in terms of
final energy:
1 Energy costs:
0 Heating demand [kWh]
o Energy demand for domestic hot water
production [kKWh]
o Cooling demand [kWh]
o Houshold electricity [kWH] electricity
demand for auxiliarigeVh]
1 Revenues from renewables
o Final energy generateddyhotovoltaic

The energy produced from renewables is consid-
ered in the enerdpalance as a positive contribu-
tion to the energy consumption, and the revenues
from the renewablkave been discounted from
the energy cosAs highlighted in Secti@?2 the
energy prices have been assumed from Eurostat
[9], considering the average values 600 to
2017(Table7). Most of the case studies are sup-
plied byelectricitysince the most common tech-
nology adopted is the heat purNgvertheless,

for other energy fuglthe same approach for
defining the costs has been adopted.

As a general assumption, for the evaluations de-
scribed in this repord commornvaluefor con-
sideringhe increasim the energpricehas been
adopted. Acording tothe daa reported in
Table7(Eurosta}, the inflation of electricity pric-

es in CRAVEzero countriémm 2010 to 2017
amounts tol.0%, and this value is usad the

system .
o Final energy generatedtbg solarther- LCC evaluatian
mal system
Average
YEAR AUSTRIA GERMANY ITALY FRANCE SWEDEN CRAVEgerO
ca/ In- cal/ In- ca/ In- ca/ In- ca/ In- Increase
Wh crease Wh crease Wh crease Wh crease Wh crease
2010 S1 19.67 23.75 19,65 12,83 18.39
2010S2 19.30 -1.9% 2438 27% 192 -2.3% 135 52% 1958 65%  1.8%
2011S1 19.86 29% 2528 3.7% 1987 35% 1383 24% 2092 6.8%  4.0%
2011S2 19.65 -1.1% 2531 0.1% 20.65 3.9% 1422 2.8% 2044 -2.3% 0.5%
2012S1 1975 05% 2595 25% 2123 2.8% 1392 -21% 2027 -0.8% 0.8%
2012S2 2024 25% 26.76 3.1% 2297 82% 1501 7.8% 20.83 2.8%  4.6%
2013S1 20.82 29% 2919 9.9 2292 -02% 1524 15% 21.01 09%  3.2%
201352 20.18 -31% 2921 0.1% 2323 14% 1596 47% 2046 -2.6% -0.1%
2014S1 2021 0.1% 29.81 2.1% 2446 53% 1585 -0.7% 19.67 -3.9%  0.9%
2014S2 19.87 -1.7% 2974 -02% 23.38 -44% 17.02 7.4% 1867 -51% -1.2%
2015S1 20.09 1.1% 2951 -0.8% 245 48% 1676 -15% 1851 -0.9%  0.6%
2015S2 19.83 -13% 29.46 -02% 24.28 -0.9% 16.82 04% 18.74 12% -0.2%
2016 S1 20.34 26% 29.69 0.8% 2413 -0.6% 16.85 02% 1894 1.1%  0.8%
2016 S2 20.10 -12% 29.77 0.3% 234 -30% 17.11 15% 19.62 3.6%  0.0%
2017 S1 1950 -3.0% 30.48 2.4% 2142 -85% 169 -1.2% 1936 -13% -2.1%
2017 S2 30.48 0.0% 19.93  2.9%
Aa‘l’geer' 19.96 0.0% 280 1.7% 224 07% 155 2.0% 197 0.6% 10%

Table 7. Electricity prices for households in the EU union (2028017

4.3 MAINTENANCE COSTS

As aresult,from the first round of data collec-
tion, we observed thdlhe maintenance costs for
the case studies were Moty available with a
relevant level of accuracy and detail.dt tfee
analysedbuildings have been built betwee®920
and 206, and only minor maintenance had al-

readytakenplace Moreover, following the gen-
eral current design and construction practice,
there are noelevantpreliminary evaluations of
the impact of mintenance castiuring the build-

ing life cycle.
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Therefore,the analysis withilCRAVEzero is costs for the HVACas reported ifable8. For

based on standavelues frontheliterature the passive building elements, an average yearly
In particularthe standard EN 15459:2Z0(Ener- value accounting fat.5% of the construction

gy performance of building&Economic evalua- cost has been assunfed the evaluationThe

tion procedure for engrgsystems in buildings)  value has been cradsecked witlaverage values
provides yearly maintenance <ést each ele- coming from tle experience of thedustrypart-

ment including operation, repaandservie, as ners.Accordingly, the yearly maintenance costs
a percentage of the initial construction. doss for each building element amaluateénd actu-

standard provides a detailed breakdown of the alized as described in Secdfidn

COMPONENT LIFESPAN ANNUAL MAINTENANCE
(YEARS) (% OF INITIA L INVESTMENT)
min max adopted min max adopted
Building elements 1 2 15 - - 40
Air conditioning units 15 15 15 4 4 4
Control equipment 15 20 17 2 4 3
Cooling compressors 15 15 15 4 4 4
Duct system fononfilteredair 30 30 30 6 6 6
Electric wirig 25 50 40 0,5 1 1
Water floor heating 50 50 40 2 2 2
Heat pumps 15 20 17 2 4 3
Heat recovery units 15 15 15 4 4 4
Meters 10 10 10 1 1 1
Pipes, stainless 30 30 30 1 1 1
Radiators 30 40 35 1 2 1,5
Solar collector 15 25 20 0,5 0,5 0,5
Tank storage fdOHW 20 20 20 1 1 1

Table 8 Selected maintenance values for building servicéem the EN 15459:2018.

4.4 NORMALIZATION

The analysedase studies dcatedn different gard, the following sections present an overview
European countries, i.eAustria, Germany, of the normalization factors adopteddompar-
France, ItalyandSweden. Each counpyesents ing the data of the case studis@sconstruction,
specificcharacteristiaa terms of climate condi- energy pricesand climate conditiondt is im-
tions construction and energymarke. There- portant to point out that the normalisation is

fore, in order to compare the results of the case applied for analysing the results in Section 5.1,
studies and to draw a general overview of the while the separate spreadsheets report the actual
costs of the curremZEB practicesa normaliza- costs provided by the partners.

tion of the collected data is neededthis re-

44.1 CONSTRUCTION COST

The impact of the construction costs on the life importantto find a common factor to normalize

cycle s affected byeveral countmelated fac- the construction costs.

tors. In fact, the price of the materials can be The ECC (European Construction Caostsas

influenced by several national and international calculatech comprehensive Eapean construc-

economic factors, as well as the costs of trans- tion cost index thafuantifiesthe ratio among

ports, strongly affected by the fuel costs, and the the construction costs of EU countries, consider-

labor cost. In orer to reduce the perturbations  ing theabovementionedactors[9]. The normal-

of the results caused by these national specifici- ization of the construction costs within

ties and to compare the case studies, it is CRAVEzerois carried out with the values report-
ed inTable9.
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CONSTRUCTION COST IN DEX

France Austria Germany Italy Sweden

10387% 10067% 9662% 9363% 13419%
Table 9: Construction cost index for CRAVEzero countries

4.4.2 YEAR OF CONSTRUCTION

Another factor influencing the costs of invest- out of 12 demo cas€¥able10 have been con-
ment andbperationis the adopted reference year structed between 2012 and 2@16yder to sim-

for the actualization, usually the yeghefcon- plify the evaluation process, the normalization of
struction.For this analysis, considering that the year of@nstruction has been neglected.

DEMO CASES YEAR OF GCONSTRUCTION

Green Home 2016 Isola Nel Verde A 2012
Les Héliades 2015 Isola Nel Verde B 2012
Residence Alizari 2015 Solallén 2015
NH - Tirol 20082009 Véla Gérd 2012
Parkcarré 2014 Aspern 2012
More 2014 I.+R. Schertler 22%1113

Table 10 Demo cases year of construction.

4.4.3 CLIMATE
The energy cost of a building is determined by (HDD) as a normalization factor. The values are

both energy prices and consumptiororder to assumedifom the report byecofysd Walue and

neglect the effect of the climate conditionsonthe bet t er ener §l¥] whpich prbvade manc e
energy consumption, itimportantto normalize the HDD for a set of reference cities of the-EU

the energy costs according to the climate condi- countries.The HDD is calculated athe sum

tion of the building locatiohe most relevant overthe year, of thdifference betweendtref-
contribution to the energy consumption of the erence temperature (i.e’@Qand the average

case studies is the heating demtiwd; we fo- daily temperature of the day,), when it idow-

cused the normadiion on that index. In this erthan 15°C
regard, we assumed the heating degree days

HDD= B ¢ #T, ,whenT,< 15AC
The HDD adopted for the case studies are summarizatleil

REFERENCE HEATING DEGREE DAYS (HDD)

Green Home 2702 Isola Nel Verde A 2616
Les Héliades 2377 Isola Nel Verd® 2616
Residence Alizari 2702 Solallén 4010
NH - Tirol 4256 Vala Gard 3720
Parkcarré 3730 Aspern 2844
More 2616 I.+R. Schertler 3413

Table 11 Heating degree days for the locations of the demo cases (SoulEeofys).
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4.4.4 ENERGY PRICES
Finally,in order to compare the energy costs, a For heating and domestic hot waiegparation

normalzation which considersdifferences in mainly three technologieavie been implement-
energy prices among countrieslone Theaver- ed in the demoases (heat pump, district heating
age value calculatadcounts foi0,1740 /Wh, and pellet boiler)Table12 reports thevalueof
that isadoptedor thenormalization of the ener- the energy pricadopted for eactase studyrhe

gy supplyand for calculating the results com- energy price for district heatirggorted in Table
pared in Section 5This value has been calculat- 11hasbeen taken from Eurostat, singemost
ed considering the average price for each case# isnot available

fuel/energy vector adopted by the case studies.

CASE STUDY HEATING DHW
Technology Energy price Technology Energy price
[ G/ kW [ G/ kW
Green Home Direct elt. 0.155 Heat Pump 0.155
Les Héliades District heating 0.10 District heating 0.10
Residence Alizar  Pellet Boiler 0.046 HP 0.146
NH - Tirol District heating 0.10 District heating 0.10
Parkcarré District heating 0.10 District heating 0.10
More Heat Pump 021 Boiler 021
IsolanelVerde A Heat Pump 021 Heat Pump 021
IsolanelVerde B Heat Pump 021 Heat Pump 021
Solallén Heat Pump 0.187 Heat Pump 0.187
Vala Gard Heat Pump 012 Heat Pump 012
Aspern District heating 0.10 District heating 0.10
I.+R. Schertler HeatPump 0.10 Heat Pump 0.10

Table 12 Energy prices for the demo casd®r heating and domestic hot water

4.5 KEY PERFORMANCE INDI CATORS

To display the results of the data analysis of each the most releant ones have besalectedTable
case studya set ofkey performance indicators 13 presentghe indicabrs that obtainedn aver-
have beerproposed In particular, dist of all age rating higher thanThese performance indi-
performance indicators has been provided to the cators will be used tssesthe performances of
project partners. These have rated the perfor- each buildingo draw a compadn among the

mance indicators @very interesting; @ inter- case studieand to seup the nZEB spread-
esting; 10 not interesting andwith thisrating sheets
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 Operaion cost/ usable floor surface 24 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 @ergy 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 (lighting, appliances)

2,4 Heating demand for heating 2 Energy demand for ventilation

Table 13 Rated key performance indicators.
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5. RESULTS

5.1 PRESENTATION OF THE OVERALL LCC RESULTS

This section reports a general overview ofalweilation fothe case studiesith the comparisoaf the
costs and the impact of th&erent phasesnothe overalLCC. It is important to point out that the results
arenormalkedaccording to theriteria illustrated in paragraph 4.4.

DEMO CASE NAME/CODE  TYPOLOGY LOCATION
Bouygues Green Home Case 1 Residential Nanterre (France)
Les Héliades Case 2 Residential Angers (France)
Residence Alizai Case 3 Residential Malaunay (France)
ATP sustain NH Tirol Case 4 Residential Innsbruck (Austria)
Kohler&Meinzer Parkcarré Case 5 Residential Eggenstein (German
Moretti More Case 6 Redilential  Lodi (Italy)
Isola nel Verde # Case 7 Residential Milan (ltaly)
Isola nel Verde E Case 8 Residential Milan (ltaly)
Skanska Solallén Case 9 Residential Véaxjo (Sweden)
Véla Gard Case 10 Office Helsingborg (Sweder
ATP sustain Aspern Case 11 Office Vienna (Austria)
I.+R. Schertler Case 12 Office Lauterach (Austria)

Table 14 Case studies analysed

Figure5 andFigure6 show the overeiv of LCC all the cases is the sum of material$adod(i.e.
calculated considering a period of 40 years for the construction costs), that ranges for all the cases
12 case studies, with a breakdown of the cost for from around 41% to 61%.

each phase. In particul&igure5 reports the Figure6s hows t he absoofthet e val
percentage value of the impact of each phase on LCC. It is important to point out that the contri-

the LQC, considering design, constructaivor, bution from the RES is accounted as a reduction
maintenance and other costs (inctyttie build- of the energy cost of the overall life cycle (calcu-

ing site management). The cost of materials rang- lated as a balance between energy consumed and
es from around 30% (for the case study Solallén) produced). Incaseof Greenhome, the energy

to 48% (i.e. Green Home and Isn#l Verde), reported in the chart assumes a negative value,
while the impact of éhaborvaries from around since theenergy produced is higher than the en-
2% towards 26%, where the lowest value occurs ergy consumed, considering the large PV field
for Green home and the highest for Solallén. In installed.

this regards, it is important to point out that the Figure7 shows an overview of the ege im-
detailed breakdown of theborand the material pact of all the phases on the LCC, the investment
costs is not always availablefairt, the cases costs for design, material labor and other initial
Isolanel Verde A and B and Schertler does not expenditures is around 60% of the LCC, while

include this information. On the other haitd, the energy and maintenance account for around
occurs that théabor is particularlylow because 40%.
the breakdowrbetween materials aladboris not As it was expected, the energy costs during the

complete for all the building elements, bet th life cycleof a nZEBrepresent a minor contribu-
construction costs are reported as a whole. tion to the LCC, with an average of aroLiid.
Therefore, the most significant information for
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Figure8 showsthe overview of the design costs, possible causes of the different impa@artof
reported as a percentage of the overall LCC and the general complexity of the building gigsi

in absolute value (cost pmit surface). It is pos- could be the higher design costs for the integra-
sible to point out that the design coat a re- tion of the RES. In fact, iRarkarréhe 41% of
duced impact on the LCC, ranging frol® the energy is supplied by a photovoltaic system

(Case NH Tirglto 8% Parkarrg One of the (30 Wine installed).
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