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FOREWORD

This reportwas drafted withinWork Package using existing technologies and practices, most
06 WB 0 Life cycle cost reduction of ne®EBO , experts age that a broastcale shift towards nearly
part of the Horizon2020CRAVEzero project. zeroenergy buildings requires significant adjus
Cost optimal and nearly zenoergy performance ments to current building market structures.-Cost
levels are principlestiated by the Europeannt effective integration of efficient solution sets and
ionds (EU) Ener gy Pir feoewable energy systédms dBeuthie mdjdar challsnge®
rective, which was recast in 2010. These will BRAVEzerdocuses on proven and new apphneac
significant drivers in the construction sector in thes to reduce the costs of nZEBs at all stages of the
next few years because all new buildings in the HE cyclgsedrigurel). The primary goal is to ide

from 2021 onwardeaveto be narly zereenergy tify and eliminate the extra costs for nZEBs related
buildings (nZEBs)ublic buildings need to achieveao processes, technologies, bujldiperation and

the standard already by 2019. to promote innovative business models considering
While nZEBs reakkd so far have clearly showrthe costeffectiveness for all stakehold#rsthe

that the nearlgercenergy target can be achieved ui | dicycgds | i f e
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EXECUTIVE SUMMARY

Already today buildings can be realised in the nedmlyhis Deliverald D6.2 the method was applied to
zero and plus energy standard. These builditigs five CRAVEzero case studies Aspern 1Qa-Aliz
achieve extremely low energy demands and lowlsola Nel Verde, Les Heliades and MORE to
CO:; enissions and can be operated economicalherform parametric calculations and to perform
For this reason, the motivation in the CRAVEzenmulti-objective energy and cost analysis over the
project is not only based on the energy chasactelife cycle of the buildings.

tics of buildings, but also on thifie cyclecosts. In total more than 230,000 variants were calculated
However, the broad market deployment of thesed analysed, with the key performance indicators:
buildings igprogressing very slowly so far, atimetfinancing costs, net present value, balanced primary
ods and processes for the amstimal integration energy demand and balanced, €Qission. The

of efficiency measures and renewable energiescateulation results can be foundhis report as

not yet sufficiently described and therefore not yeell as on the CRAVEzero pinboard:
familiar As a consequeneenany poorly planned http://www.cravezero.eu/pinboard/PinboardMain
buildings areriticised for the fact that the actualPinboardMain.htm

energy consumption of highly efficient buildings Furthermore, the goal of thdeliverablewas the
higher than the predicted demand and that higéxtension of the sensitivity & to all available
efficiency standards are expensive and uneeond@RAVEzero case studies, on the one hand aiming
cal. The influence of the user behaviour of suel identifying which input parameters affect the
energyefficient budings is another aspect, which.CC the most and on the other hand aiming at
has to be considered to evaluate the impact on pireviding this output as a range of values and not
energy consumption of the building. as a punctual one. In this way, the iridics of

The identification of suitable methods for the-eneuncertainty issues related to the assumptions on
geticeconomic optimization of highly efficientinput parameters and boundary conditions can be
buildings in alife cyclephases ia prerequisite for highlighted.

the broad market implementation. The third part of thidDeliverabledeals with the
This method was developed earlier in thHavestigation of a renovation project and describes
CRAVEzero project and documented in Ddiverthe steps from the energy audithie implemeat

bl e D6. 1 oParametr i c tiorooflemndrgy effi€iamey imgravémendsi n g s and
building clusters: Building features and boundar

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

1 Even if the financing costs are very different from case study to case study (range between
1,200EUR/m2 and about 300EUR/m2), the divergence between the highest and lowest-finan
ing costs within the individual case studies is nearly the same in all case studies. It"%between 7
and16%.

I The same statement also applies to the results of the net present value calculatigmeséhe ne
values range betweepODEUR/m? as the lowest value and more th&EUR/m? as the
highest value. But within the different case stubeeslivergence between thighestand the
lowest net present value is abo18 26%.

1 Compared tohe costs, the range between the highest and the lowest balanced primagy energy d
mand as well as between the highest and the lowest balaneetusSions is much higher. For
these key performance indicatpossible reductions betweer¥/8and 83% are ealistic.

1 The detailed analysis of the result shows that the most influencing factors (varied parameters) are
the heating system, the ventilation system (especially influencing the financing costs and the net
present value) as well as the user behavifluerfcing primary energy demand and €ak-
sions).
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1.INTRODUCTION

1.1. OBJECTIVE

Possible cost saving potentials in planning and construction of high performingroearly ze
energy buildings (nZEBs) with advanced energy standards are often not sufficiently assessed,
as only a few, out of numerous possible variants of technology sets are considered# in the trad
tional planning process. Often planning and analysis are irdtaatrin parallel, and tHe a

ternative technical options are discarded at an early stage. If, on the other hand, possible var
ants are realistically compared in the planning phase, a profound decision can be made. nZEB
design is also a mudthjectiveopi mi zati on probl em where st ak:é
each other. In thieport an exhaustive search method was assesthesl @RAVEzero case
studieswhichsystematically investigates all possible variant combinations. The derived results
areapplied to multiple objectives and optimisation goals for atargsti decisiemaking
framework so that different actors can decide between optimal solutions for different obje
tives. This approach seeks to explore a set of optimal solutions mtteefitldaa singlep

timal solution. On the one hand, a variety of technologies, such as insulation of the building
envelope, ventilation or electricity and heat supply, and on the other hand a variation of the
boundary conditions (such as user behavioGOe follow-up costs) was investigated. The

results were analysed energetically and economically over the life cycle of the building with the
objectives of identifying coherences, deriving trends and optimizations over a time span of 40
years.

1.2. STATEOF T HE ART/PROBLEM DES CRIPTION

Cost optimal and nearly zezrah er gy per f or mance | evels are princi
Energy Performance of Buildings Directive, which was recast {EQ02010)Since its introduction as

part of the EPBD recast, a vast nundfestudies of the defined cagitimal analysis have been carried

out.

The implementation of the cagitimal approach has led to a strong scientific interest in this field, by r
search institutions and by the EU member BRIE, 2010; Kurnitskit a.2011a, 2011b; Corgrettal.

2013; Pi kas, Thal fel dt and Kur nieta.k0018)In azidititndg D6 Ag
regulative requements, the term "cesptimal level" refers to "the energy performance level leading to the
lowest total cost over the estimated economic life ¢tle"2010) While nZEBs realised so far have

clearly shown that the nearly zemergy target can be achieved using existimgotogies and practices,

most experts agree that a breeale shift towards nearly zenergy buildings requires significant adjus

ments to current building market structures -€ftesttive integration of efficient solution sets and eenew

ble energyystems arsignificanthallenge@BPIE, 2010)It has to be noted that the total costs, asdnten

ed for cosbptimal calculations, only take into account englaggd costs. Therefore, the concept of total

costs as foreseentire revised EBPD is not in line with a full life cycle assessment according to ISO 15686
(BSI 1ISO 15686, 2008)Furthermore, in recent years sitiaridbased optimization methods for detailed
building energy performance and cost assessment have evolved, leading to new researabpimtie cost
design of new buildings from a multipgective perspectiy®guyen, Reiter and Rigo, 2014)
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2.PARAMETRIC MULTI -OBJECTIVE ENERGY
AND COST ANALYSIS IN THE LIFE CYCLE OF
NEARLY ZERO -ENERGY BUILDINGS & AN E X-
HAUSTIVE SEARCH APPR OACH

2.1. INTRODUCTION

Multi-objective optimization analysis has become popular in recent years. In comprehensive review studies.
various multbbjective approaches for building gnetesign were proposed, as summarizédtiaet al.

2013; Malatji, Zhang andaxX2013; Machairas, Tsangrassoulis and Axarli, 2014; Nguyen, Reiter and Rigo,
2014; Hamdy and Mauro, 200THe multiobjective approach used in these studies is usually based on the
concept of Pareto frontier and genetic algorithms: The basic coreepetié¢ Algorithms is designed to
simulate processes in the natural system necessary for dUmdugind Aranha, 20123 solution is ot

mal when no other feasible solution improves one of the objectives without affecting at least one of the
other. In that case, the muhbjective algorithms generate a set of solutions, known as the Rardfo fro

the problem includes only two objectives, the Pareto front isdartemsional curv@guyen, Reiter and

Rigo, 2014)

Genetic algorithms were applied and furthemged within extensive frameworks for -opgimal and

nearly zer@nergy building solutions by considering the minimization of energy demaedii€Xibns

and investment dife cyclecosts as objectivésesanghary, Asadi and Geem, 2012; Iba and Aranha, 2012;
Hamdy, Hasaand Siren, 2013)

Authors of recent publications have implemented sophisticated sensitivity analysis techniques for nZEB
designLomas and Eppel, 1992; Lam and H@61Bleiselbergt al.2009) Some techniques only interfere

with one parameter at a time by keeping the other inputéLfixedand Hui, 199&) by using sampling
proceduregMorris, 1991) such as Monte Carlo methd@ervantes, 1972p interfere with mutti

parameter ings while simulating only some of the total design combinations that may exist. ihese met
ods are especially helpful when computing power is limited.

Optimisation using a "parametric optimiser" offers the advantage that the variants are optimised for a sp
cific goal or cost function and can be found depending on the optimisation objective. Results, therefore, are
usually based on two optimisation objectiveddikexamplecost and energy demand. If this concept is

also be applied to three or more oation goals, the results are more challenging to analyse. Also, most
studies based genetic algorithms do not allow any statement on maxima, minima or statistical distributions
of the resulting variants.

2.2. EXHAUSTIVE SEARCH MET HOD

The term "parametric apsils" in thiseportis defined by a bruferce algorithm in which a series ofiealc

lations are run by a computer program, systematically changing the value of parameters associated with or
or more design variabl@uteforce is an exhaustive searclthogthat systematically takes into account

all possible variants for a given solution and checking whether each variant satisfies the problem statemen
(Universiy of Washington, no daté) t is based on trial and error w
power is used to solve a problem, rather than to apply advanced genetic algorithms. Therefore, with the
bruteforce methodthe investigation of all possibleiast combinations, all solutions are considered. It

offers the advantage that statistical evaluations can be made and distributions can be derived. The mos



significant benefit is thiis concept can also be applied to more than two objectives @watjgimgoals.

It, therefore, provides a sound basisaforultitarget decisiemaking framework, so that different actors
can decide between optimal solutions for different objedthissapproach seeks to explore a set bf opt
mal solutions rather thémfind a single optimal soluti@@hiandusst al.2012)

A big disadvantage is the vast number of variants, by solving the problem by checking all the possible case
which are slow. Tue to its #ncomplexity based on the limited computational power of calculation the
possibility of several thousand varjahtso restricts the calculation methods. If, for example, dynamic
building simulations are used to analyse a building, where eachrstakgatiseveral hours, it is hardly
possible to calculate thousands of variants with a manageable amount of computing time.

The difference between a conventional design method and the parametric optimizatiexhaitistare
search method shown in fblowingFigure2.

Conventional method Parametric strategy
0 B B % Seope
DA XXX X = , ,
CEX DX XD X : Investigated solution
X | X B Not investigated solution

XXV XXX Final solution
FAFAE M M I A S
XXX XX XD XX

O XXX D X

RN EE R R AR RN RN E R
FL e T T T T F T T T P T P

Figur@: Comparison of conventional optimisation method vs pératetrial ar281Y8)s

The advantage of the conventional search of the optima usually lies in the manageable number of variant:
and thus the reasonable effort. The disadvantage, as shaunel?) is that only a local optimurmdae

found and not the best global solution or efficient neighbours. For example, it allows firoltigna¢ar

design alternatives, not merely the optimum.

2.3. OPTIMIZATION PROCEDU RE

The method of energgconomianalysiss shown irFigure3.

Determination of the parameters to be
. - o Determination of a set of objectives aried @ :ir levels, e.g. envelope
Design, first pre-optimizations. : anon o 4 d | .| variedand their levels, e.g. envelope

/optimization goals quality, heating system, window size,

window quality.

(Automated) energy demand calculations
according to energy certificates or the passive
house project planning package, dynamic
building simulation.

Automation of the calculation by VBA
macros in MS-Excel©.

Evaluation and presentation of results.

Calculation of the life-cycle costs of each
variant, taking into account promotion,
maintenance, replacement investments and
residual value with the CRAVEzero life-cycle
tool.

|

Figur&: Method of enecgnomic analgsispling between PHPP and CRAVEzero LCC tool




This method is based on the ISO 19688SI ISO 15686, 2008¥or life cyclecost calculation and the

PHPP softwargPassive House Institute, 20dipmated by a VBA macro that has been developed by the
authors. With this methoskveral ten thousaddferent variants per case could be caldulate manag

able amount of time.

The ISO 15686 provides the main principles and features of an LCC calculation, while the European
Code of Measurement describes arh&thonised structure for the breakdown of the building elements,
services, and processin order to enable a comprehensive evaluation of the building life costs in this
study.

The software PHPP 9 has been used for energy performance analysis. This tool summarises all the info
mation dealing with the energlated features of the buildicgmponents and services and provides a
comprehensive overview of the technologies installed.

2.4. LIFE CYCLE COST CALC ULATION

According to the 1ISO 156862008, the LCC of a building is the Net Present Value (NPV), that is the sum
of the discounted costsyeaue streams, and value during the phases of the selected period of the life cycle.
Accordingly, the NPV is calculated as follows:

C: cost occurred in year n;
6 d: expected real discount rate per annum (assumedd)s 1.51
p Q n: number of years between the base date and the occurrenc
cost;
p: period of analysis (40 years).

The analysis based on standard values from EN 15459:2018 that provides yearly maintenance costs for
each element, including operation, repair, and service, as a percentage of the initial construction cost. A
detailed overview of the input parameters and boundditfa@mcan be found ohapte.

Tabld: Overview of the included costs of the life cycle cost calculation

Life cycle phases Included costs

1. Political decision and untdesign = Non-construction cost (cost of land, fee

phase and enabling costs, externalities)
il 2. Building design phase Building design costs
Initial
) Investment 3. Construction phase Construction and building site manag
Whlole life ment costs
cycle costs Life 4. Operation phase Energy and ordinary maintenance cos
I - - -
cycle cost 5. Renovation phase Repair and renovation costs
6. Recycling, dismantling and reu Residual value of the elements
phase

In order to provide a homogeneous and comparable estimation @rgyecests, the evaluation is based

on the calculated energy demand by using the PHPP evaluatestiob House Institute, 2015)

In particular, for estimating both the costs and the revenues (due to the renewables installed). The energ)
produced from renewables is consideratie energy balance as a positive contribution to enefgy co
sumption, and the revenues from the renesiadoke been discounted from the energy costs.
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3.DESCRIPTION OF THE CASE STUDIES AND
THE INVESTIGATED PAR AMETERS

3.1. ASPERNIQ

Tl General information
1 Owner: City of Vienna

1 Architect: ATP Wien

1 Energy concept: Renewable poweri- ¢
ronmental and waste heat

1 Location: Vienna (Austria)

1 Year of construction: 2012

1 Net floor area8817 m

Key technologies
1 Groundwater heat pump

1 Photovoltaics
T  Small wind turbine

Aspern |1 Q is located in Vienna0s-Aueswliryi adev dlaa pe
development project and one of the largest in Europe. The buildidgsigmed in line with Plus Energy
standards and is conceived as a flagship project which shows the approach to create a Plus Energy buildin
adapted to locally available materials and which offers the highest possible level of user comfort while mee
ing the demands of sustainability. The Technology Centre received a maximum number of points in its
klimaaktiv declaration and had also been awarded an OGNB Building Quality Certificate. Thee energy d
mand of the building has actively been lowered by mdagheesglesign of the building form (compac

ness), orientation and envelgpeality A balanced glazing percentage, the highly insulated theenal env

lope in passive house standard, optimized details for reduced thermal bridges and an airtight envelope
(Blower Door Test=0,4 1/h) beating the Austrian building regulatiomy@d®linegs by 55%.

Table2 gives an overview of the parameters and levels that were investigated for the case study Aspern 1Q
in this DeliverabléMore informatin on theparameter 0 envel ope qualitydél; oven:
ingdé, o0sol ar t her ma lissshownifrthedablasrthat fobolw afterivandstynatisnt or a g e
on the par amet efollew-uops ecncssi ttsi Ov i a nydoandedeled in chaptéra vi our 0

Table: investigated parameters and levels of NBPERE Kpudy

PARAMETER LEVEL1 3 LEVEL2 z LEVEL 3 2 LEVEL 4 =
Sensitivity Standard High Low PHPP default
CO; followup costs Low Standard High No
User behaviour Not efficient Standard Efficient PHPPdefault
Envelope quality National standard nZEB Passive house -
Ventilation Windowventilation Mechanical ventilation  Extract air unit
with heat recovery
Heating Gas condensing boile Ground source heat Air source heat District heating
pump pump
Cooling Absorption cooling  Ground source heat Air source heat
pump cooling pump cooling
Solar thermal No solar thermal 28 mz2 for domestic hot 148 m? for dome
water tic hot water
PV No PV 74 kWp 148 kW
Battery storage No battery storage 25 kWh 50 kWh




Table: investment costs and technical data foetkegstogada | i t y 6 Asgerfl he case study

PARAMETER LEVEL 1: NATIONAL LEVEL 2: LEVEL 3: PASSIVE
STANDARD z nZEB e HOUSE ==
Cost of external wall 13.9 0/ mj 40 0/ mj 18.8 0/ mj
U-value of external wall 0.35 W/m2K As built 0.15 W/m2K
Cost of floo 10.1 G/ mj 12.3 0/ mj 20.2 0/ mj
U-value of floor 0.40 W/m2K (earth As built 0.15 W/m2K
touched)
0.20 W/m2K (outdoor air)
Cost of roof 16.7 0/ mj 45. 0 0O/ mj 20.2 0/ mj
U-value of roof 0.20 W/m2K As built 0.15 W/m2K
Cost of windows 385 0/ mj 316 G/ mj 513 20/ m
U and gvalue of windows 1.70 0.94 0.8

Tableki nvest ment cost s awedtilatioe olf n it degperiQhastea sftaurd yt he par

LEVEL 1: WINDOW LEVEL 2: MECH.VENT. LEVEL 3: EXTRACT AIR
VENTILATION + HR UNIT

Electric efficiency - 0.153 Wh/m3 0.125 Wh/m3

Cost - 480,000 @ 381,000 @

Tabl&i nvest ment costs ahedtiig edhnihealc adat & tfudry tAlse ep al

LEVEL 1: GAS LEVEL 2: GROUND LEVEL 3: AIR LEVEL 4: DI S-
CONDENSING SOURCE HP SOURCE HP TRICT HEATING
BOILER
Cost 257,000 G 206,000 G 192,000 G 187,000 @
97,000 0O w 5 3, Ocbnbection
Power / COP 396 kW 240 kW /5.8 COP 205 kW /4.5 COP 240 kW

Tableé: investment costs f t h e copladg arhe tt dsperda s e st udy

LEVEL 1. ABSORPTION LEVEL 2: GROUND SOURCE LEVEL 3: AIR SOURCE
COOLING HEAT PUMP COOLING HEAT PUMP COOLING
Cost 441, 700 Included in heating cost Included in heating cost
Tablg: i nvest ment olamemial offort hteh ec apsaer asnteutdeyr Adbssper n |
LEVEL 1: NO SOLAR LEVEL 2: 28 m?2FLAT LEVEL 3: 80 m?2FLAT
THERMAL PLATE DHW PLATE DHW
Total costs of collectors - 370 0/ mj 370 a/ mj
Other solar thermal costs - 3,6000 10,360 0
Cost of water storage - 13,000 @ 37,000 0@

Tabl8:i nvest ment cRvéteffohetbhaspasamdyeAspern 1 Q

LEVEL 1: NO PV LEVEL 2: 74 kWp LEVEL 3: 148 kWp
Cost of PV modules - 288,600 @ 576, 000 @
Cost d PV inverter - 10,800 @ 19,000 0@
Additional cost - 40, 400 0 51,800 @




3.2. MORE

General information
1 Owner: GroppiTacchinardi
Architect: Valentina Moretti
1 Energy concept: Heat pump and cosd
ing boiler, solahermal installation
1 Location: Lodi (Italy)
1 Year of construction: 2014
Net floor area: 1282n
Key technologies
Precast component
Compact model home
Central core
Flexible and modular

=

= —a —a -—a

Groppi represents one of the typologietheprefabricated singlamily house produced by Moretti. The
enveloperad all the equipment have been designed with the aim to achieve high performances. The thermal
equipment consists of arvamter heat pump, distribution through a floor heating system, balanced ventil

tion with heat recovery, electric system automaticunimer, a natural chimney activates air circulation
inside the house, thus ensuring natural ventilation. In addition, the installation of special selective and low
emissivity glasses ensures a low cooling demand.

In this Deliverable different parametansl levels were investigatedormation on these investigated
parameters (and levels) of the case study MORE are dihadre® the information to the investment
costs and the technical data, which were used for the pareah@itations follow ifablel0to Tablels

Tabl®: investigated parameters and levels of the case study MORE

PARAMETER LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
Sensitivity Standard High Low PHPP default
CO; follow~up costs Low Standard High No
User behaviour Not efficient Standard Efficient PHPPdefault
Envelope quality National standard nZEB Passive house -
Ventilation Window ventilation Mechanical ventilation Extract air unit -

with heat recovery
Heating Gas condensing boilel Air source heat pump Air source heat pump District heating

+ gas boiler
Climate Trento Lodi Roma Palermo
Cooling Compressing cooling No cooling Air source heat pump -

cooling

Solar thermal No solar thermla 5 m2 for domestic hot 10 m?2 for domestic ho -

water water
PV No PV 5 kWp 10 kWp -




TabldGi nvest ment costs aendelogaexlhint x@ IMOBERAt lhe foas e het pay

PARAMETER LEVEL 1: NATIONAL LEVEL 2: nZEB LEVEL 3: PASSIVE
STANDARD HOUSE
Cost of external walls 36,591 @ As built 39,051 @
U-value of external walls 0.26W/m2K As built 0.15 W/m2K
Cost of floor 8,237 0 As built 9,623
U-value of floor 0.26 W/m2K As built 0.15 W/m2K
Cost of roof 142% O As built 15,354 1
U-value of roof 0.22 W/im2K As built 0.15 W/m2K
Total envelope costs 59,123 @ As built 64,028 @
Cost of windows 34,200 @ As built 46,800 0O
U and gvalue of windows 1.400.35 As built 0.8

Tabldlinveste nt costs and t genthatidon coafl tdMMEORE: af soer stthued yp ar a me |

LEVEL 1: WINDOW LEVEL 2: AS BUILT LEVEL 3: EXTRACT AIR
VENTILATION MECH.VENT. + HR UNIT

Electric efficiency - 0.196Wh/m3 0.712Nh/m3

Costs - 6,000 O 4,000 @

Tabld2i nvest ment costs ahedlifng edhn iMORE ada®t & tfuary t he pa

LEVEL 1: GAS LEVEL 2: AIR LEVEL 3: AIR LEVEL 4: DI S-
CONDENSING SOURCE HEAT SOURCE HEAT TRICT HEA T-
BOILER PUMP + GAS CO N- PUMP ING
DENSING BOILER
Cost 3,500 @ HP=5,031 @ 11,000 @ 14,000 0@
BOI LER=2, 12
Power / COP 45 kw HP: 15 kW COP 4.2 45 kw 45 kw
Eff = 104% BOILER: 33.74 kVEff = COP =4.07
97.3% EER=3.12

Tabld3i nvest ment coodidgso f daudMORER a par amet er 0O

LEVEL 1: COMPRESSOR LEVEL 2: NO COOLING LEVEL 3: AIR SOURCE
COOLING HEAT PUMP COOLING
Costs 8,000 @ - 11,000 @

Tabld4i nvest ment cwolartherddl of t MOREbasamet edyo

LEVEL 1: NO SOLAR LEVEL 2: 5 m2FLAT LEVEL 3: 10 m2FLAT
THER MAL PLATE DHW PLATE DHW+SH

Total costs of collectors - 1,266 0 2,532

Other solar thermal costs - 929 2,000 @

Cost of water storage - 1,497 0O 3,000 @

Tabld 5 investment costs for therp@Yoefrthe éase SMORE

LEVEL 1: NO PV LEVEL 2:5 kWp LEVEL 3: 10 kWp
Cost of PV modules - 3,800 0 7,600 @
Cost of PV inverter - 1,500 @ 2,200 @
Additional cost - 2,200 0@ 3,700 1@

10



3.3. ISOLA NEL VERDE A+B

General information
1 Owner: Isola rié/erde s.r.l.
71 Architect: Studio Associato Eureka
1 Energy concept: cogeneration system,
thermal heat pump, photovoltaic and s
thermal panels
{1 Location: Milan (ltaly)
1 Year of construction: 2012
71 Net floor area: 1409 (A)+1745 (B) m
Key technologies
1 Coge@eration system
1 Geothermal energy
1 Green roof

The complex has two buildings, A andiliz apartments are heated by radiant floor panels, and the cond
tioning is supplied by a fan coil planthe buildings of "Isoldlel Verde" present excellent acoustit a

thermal insulation. Moreover, the insulated green roof reduces the cooling demand. The energy is suppliec
by a geothermal heat pump for heating and cooling, with the integration of photovoltaic and solar thermal
panels.

For the parametric calculatiarsl analysis in this Deliverable only building A was invesiigied6

shows thedefinedparameters of the case study Isola Nel Verde. Additionally also the three respectively
four different levels of each parametenastioned.Tablel7to Table22 give an overview of the intres

ment costs and technical data of each parameter.

Tablel6 investigated parameters and levels of the case study ISGEA NEL VER

PARAMETER LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
Sensitivity Standard High Low PHPP default
CO; follow-up costs Low Standard High No
User behaviour Not efficient Standard Efficient PHPPdefault
Envelope quality National standard nZEB Passive house -
Ventiation Window ventilation ~ Mechanical ventilation  Extract air unit -
with heat recovery
Heating Gas condensing boile Geothermal heat pump - Air source heat District heating
district heating pump
Cooling Compressr cooling Geothermal heat pump  Air source heat -
cooling pump cooling
Solar thermal No solar thermal 36 m? for domestic hot 72 m2 for domestic -
water hot water
PV No PV 7 k\Wp 14 kWp -
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Tabld7Zi nvest ment costs aendelogee & bf ihé case Hisop Net Verdef or t he par ai

LEVEL 1: NATIONAL LEVEL 2: nZEB LEVEL 3: PASSIVE
STANDARD HOUSE
Costs of external walls 166, 366 0 As built 173.000 0
U-value of external walls 0.26 W/m2K As built 0.15 W/m2K
Cost of floor 31,200 @ As built 36,347
U-value of floor 0.26 W/m2K As built 0.15 W/m2K
Cost of roof 55,236 As built 58, 460
U-value of roof 0.22 W/m2K As built 0.15 W/m2K
Total envelope costs 252,802 @ As built 267,773 0
Cost of windows 119,250 0@ As built 172,250 0
U and gvalue of windws 1.4 W/m2K 9 0.35 As built 0.8 W/m2K

Tabld8i nvest ment cost s avedtlatioe colf n it disela NabMetda sftourd yt he par e

LEVEL 1: WINDOW LEVEL 2: MECH.VENT. LEVEL 3: E XTRACT AIR
VENTILATION WITH HEAT RECOVERY UNIT

Electric efficiency - 0.48 Wh/m3 0.178 Wh/m3

Heat recovery rate - 83% -

Costs - 56,000 @ 4,800 0@

Tabld3i nvest ment costs ahediilng @d hnihealcadat astfudry thleol @amn

LEVEL 1: GAS LEVEL 2: GEOTHE R- LEVEL 3: AIR LEVEL 4: DI S-
CONDENSING MAL HEAT PUMP + SOURCE HEAT TRICT HEATING
BOILER DISTRICT HEATING PUMP
Cost 12,000 (466,577 a0 60, 000 @ 25,000 @
Power / COP 85 kw Heat pump: 86.82V 140 kW Heat Exchanger
Eff =102% COP 4.38 COP =3,9 85 kW

TablRGi nvest ment caoodidgstetasdastudy lsela Neld&/erdemet er 0

LEVEL 1: COMPRESSOR LEVEL 2: GEOTHERMAL LEVEL 3: AIR SOURCE
COOLING HEAT PUMP COOLING HEAT PUMP COOLING
Cost 42,000 0@ 50,000 @ 60,000 @

Tableli nvest ment cgolartherddtieercase shudy IsplaNebVierdet e r 0

LEVEL 1: NO SOLAR LEVEL 2: 36 m 2 FLAT LEVEL 3: 72 m2FLAT
THERMAL PLATE DHW PLATE DHW
Total costs of collectors - 12,500 0@ 19,000 0@
Other solar thermal costs - 1,200 @ 1,800 @
Cost of water storage - 8,000 @ 8,000 @

Table2i nvest ment cRveteffohetbhaspasamdyetsola Nel

LEVEL 1: NO PV LEVEL 2: 7 kWp LEVEL 3: 14 kWp
Cost of PV modules 5,040 0 9,800 @
Cost of PV inverter 3,150 @ 4,000 @
Additional cost 3,850 7,000 @
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3.4. LES HELIADES

General information
1 Owner: Podeliha
1 Architect: Barré Lambot
1 Energy concepkercenergy buildinthea-
ing, cooling, ventilation, lighting, &
DHW)
1 Location: Angers (France)
1 Year of construction: 2015
1 Net floor area: 45902m
Keytechnologies
1 Well insulated and airtight
1 Balanced ventilation with heat recovery
1 Ground source heat pump
1 Photovoltaic panels

The Héliades residence, where 57 families havivimegsince March 2017, is defined as a Positive Ene

gy Building (BEPOS)t vas designed by the architect Bamrédbot and Bougues Batiment Grand

Ouest, with the goal to combine the comfort of the inhabitants and control of energy. The building, with
high shape compactness, is connected to the urban heat network poweimdasgishfdr the production

of heating and domestic hot water, complemented by solar thermal panels and photovoltaic panels installec
on the roof. Solar gains are favoured by largely glazed fagade, mainly facing south.

In Deliverable 6.2 different paramgt@nd levels were investigated. Téwesshown ifabk 23 Table24
to Table28on the next page show the investment costs and technical data of each investigated parameter.

Tabé23 investigated parameters and levels of the case study LES HELIADES

PARAMETER LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
Sensitivity Standard High Low PHPP default
CO; follow~up costs Low Standard High No
User behaviour Not efficient Standard Efficient PHPPdefault
Envelope quality National standard nZEB Passive house -
Ventilation Window ventilation Mechanical ventilation  Extract air unit -

with heat recovery
Heating Gas condensing boile District heating Air source heat -

pump

Climate Lille Orleans Montpellier Nantes
Solar thermal No solar thermal 42 mz2 for domestic hot 110 m2 for domestic -

water hot water
PV No PV 56 kWb 82 kWb -
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Table4i nvest ment costs aendepd exlhint @ ILesfiHelittdee f oas ¢ het pay a

PARAMETER LEVEL 1: NATIONAL LEVEL 2. nZEB LEVEL 3: PASSIVE
STANDARD HOUSE

Costs of external walls 195 W/ mj 240 i/ mj 247 ! mj
U-value of external walls 0,233 W/m2K

Cost of floor 160 did mj 160 di/ mj 197 did mj
U-value of floor 0,259 W/m2K

Cost of roof 150 did mj 157 did mj 170 did mj
U-value of roof 0,139 W/m2K

Cost ofwindows 550 vihdowm] 700  \ihdowmj 950  \ihdowmj
Uw and gvalue of windows 1.7W/mX 60.7 1,51 W/m2Kd 0.62 1,1 W/m2K 8 0.5

Table5i nvest ment cost s awedtlatioefthb casestashfetddast a f or t he

LEVEL 1: WINDOW LEVEL 2: MECHANICAL LEVEL 3: EXTRACT AIR
VENTILATION VENTILATION WITH UNIT
HEAT RECOVERY
Electric efficiency - 0.3 Wh/m3 0.2 Wh/m3
Costs 0,7 @)/ (m 26 0%hr) (m 051 G 3Kr) (m

par

Tabl@6ine st ment costs andhetatidgr lorfi ¢ dle datsae fsdarmu dtyh & epa rHar

LEVEL 1: GAS CO N- LEVEL 2: DISTRICT LEVEL 3: AIR SOURCE
DENSING BOILER HEATING HEAT PUMP
Cost 70 G/ mj 0 110 0/ mj
Power / COP 220 kW / Eff = 110% 220 kW / Eff = 10 % 220 kW /COP =35

Tabl@7i nvest ment coolartherddl of t he pasemetadyolLes

LEVEL 1: NO SOLAR LEVEL 2: 42 m? LEVEL 3: 110 m?2FLAT
THERMAL FLAT PLATE DHW PLATE DHW

Total costs of collectors - 466 0/ mj 466 0/ mj

Other solar thermal costs - 300 4/ mj 300 4/ mj

Cost of water storage - 1.81 a/1litr21.821 a/71l1itre

Table8i nvest ment cRVSdfthe chse studyt LbseHelpdes amet er 0

LEVEL 1: NO PV LEVEL 2: 56 kWp LEVEL 3: 82 kWp
Cost of PV (modules, inverter - 2,8 0/ Wp 2,8 0/ Wp
and additional costs)
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3.5. ALIZARI

General information
1 Owner: Habitat 76
1 Architect: Atelier des Deux Anges
1 Energy concept: ZEB (heating, cooling, ive
lation, lighting, and DHW) and Palsaiys
1 Location: Malaunay (France)
f Year of construction: 2015
1 Net floor area: 27762m
Key technologies
1 High-performance envelope (triple glazing.
ternal and external insulation)
1 Balanced ventilation with heat recovery
1 Centralized wood boiler
1 Photovoltaics

Labelled Passivhaus and Promotelec RT22042 this residence has 31 apartments and 1 studio. The
design of the project was oriented to meet a high standard of energy performance, relying ort-the compac
ness of buildings, the control of solar inputsoéitite orientation and the management of renewalple ene

gies. Electricity generation via photovoltaic panels, heating system with ventilation, with a biomass boiler
and reinforced thermal insulatame the key elements of this building

Furthermore, a lge part of the spaces and services are shared among the different residents (local bicycles
and strollers, optical fibre, local compost).

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

Table29shows the parameters and levels of the case study Alizawestacialysed in this Deliverable.
The cost and technical data which was necessary for the parametric calculations araldied¥@oin
Table33

Table9 investigated parameters and levels of the case study ALIZARI

PARAMETER LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
Sensitivity Standard High Low PHPP default
CO;, follow-up costs Low Standard High No
User behaviour Not efficient Standard Efficient PHPPdefault
Insulation envelope 250 mm external 300mm external 200 mm external + -
100 mm internal
Ventilation Window ventilation  Rotatech ventilation Helios ventilation Swegon ventilation
unit unit unit
Heating ETA boiler Hargassner boiler Okofen boiler Co-generation plant
PV No PV 30 kWp/ 15 % effi- 34 kWp/ 17 % effi- 41 kWp/ 21 % effi-
ciency ciency ciency
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Tabl8Qi nvest ment ciosgldtienerdvéope t hteh @ ac asnet eruady Al i zar.

Level 1: 250 mm EXTER- Level 2: 300 mm EXTE R- Level 3: 200 mm EXTE R-
NAL NAL NAL + 100 mm INTERNAL
Cost 115.92 0/ mj 122.22 0/ mj 137,59 0/ mj

Tabl8Li nvest ment costs ahedling @edhnihealcadat atfuadry tAHe zmea

LEVEL 1: ETA LEVEL 2: HA R- LEVEL 3: LEVEL 4.CO -
BOILER GASSNER BOI L- OKOFEN BOILER GENERATION
ER PLANT
boiler efficiency 0.91 0.94 1.03 1.09
Total cost (supply) 173 a4/ kw 192 a0/ kW 238 a/kw 897 0/ kW
Labour cost 1,300 0@ 1,650 @ 1,650 @ 2,250 @

Tabl82i nvest ment costs avwvedtlatioe ool nitceael cdatea sftaurd yt hAd | zaa

LEVEL 1: WI N- LEVEL 2. R O- LEVEL 3: HEL |- LEVEL 4:

DOW VENTIL A- TATECH VE N- OS VENTIL A- SWEGON VE N-

TION TILATION UNIT TION UNIT TILATION UNIT
Heat recovery efficgiey - 0.68 0.81 0.84
Total cost (supply) - 7,557 @ 8,350 @ 15,884
Labour cost - 420 @ 420 @ 420 @

Tabl83i nvest ment costs aBW todchrhiecalascatsa ufdyr Atl h e ap

LEVEL 1: NO PV LEVEL 2: 30 LEVEL 3: 34 LEVEL 4: 41
kWp/15 % KWp/17 % KWp/21 %
EFFFICIENCY EFFFICIENCY EFFFICIENCY
Power - 30.01 kW 34.13 kKW 40.71 KW
Number of Panels - 118 118 118
Area - 192 m? 192 m? 192 m2
PV efficiency - 0.15 0.17 0.21
Cost - 54,310 G 62,650 0O 77,190 @
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4. ASSUMPTIONS AND BOUN DARY CONDITIONS

4.1. BOUNDARY CONDITION F OR ECONOMIC EVALUATI ON

The construction costs of the buildir{gs shown in the previous chapteesg provided by the project

partnes ATP, Bouygues, Moretti and &Il building have already been constructeuhd thereforereal

cost datavasavailable. The costs for the varied technologies and building elements were also-directly pr
vided bythose project partners. If necessary, assumptions werace@dingo the CRAVEzerodai-

base ofWP4 All costs are reported as "net costs" (excluding VAT). Land costs and excavation costs were
on principldaken into amunt.

The considered buildimgrelocated inAustria, France and Italy. Therefdmmate data filaveregenert
edwith Meteonom 7.1.8.29631.

The economic evaluation of the variants is based on an observation period ofs#é@ wsiahle34),

which was previously defined in D2.2 (Deliverable D2.2: Spreadsheet with LCCs). This observation period
was bosen because this duration is feasible for private housing, as well as for property devielopers. As
the financing scheme, a bank loan was chosen with a credit period time of 25 years and an interest rate o
3 %. The equity interest rate for the eguaigstment was set tb1 %, the inflation rate to 2% and the

discount rate of the used capital investment WasAll these values were takemm the CRAVEzero

LCCTool.

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

and based on the gathered data in D2.2 and the CRAVEzero database of WP4. Cost drivers can also be
determined by evaluating individual parameters in relation to costs. The following cost items are taken into
account: total cts financing costs, energy costs including basic fees, replacement investments, operation
costs, maintenance costs, repairs and residual values. The energy costs also take into account the revent
from the grid feeth of the electricity generated on bldding from renewable sources (e.g. PV electric

ty). No additional followp costs such as administration, insurance, cleaning, security services, building
services and demolition costs are included in this report. Rental incomes are not takentinto ac

Al costs are cal culifeacyckcdo suts itnogo [téh,e wohd RAYV BEwmaesr od e \
KoProLZK+ and CRAVEzero.

Tabl&4 Boundary condition for economic evaluation

ECONOMIC BOUNDARY CONDITIONS REFERENCE
Observation period dife cyclecost 40 years
Equity interest rate 151 %
Inflation rate 2%
Discount rate 3%

Credit period 25 years
Interest rate bank credit 3%
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4.2. MAINTENANCE COSTS

To consider the costs during the operational phase of tiaglifié cyclanaintenance cost were applied

as fraction of the investment costs per year. These maintenance costs were gathered frem the LCC
spreadshee(see D2.2). For the parameters which are not covered in teeidgsthese factors were
conductd from the CRAVEzero database of WP4. The most important building elements are listed in
Table35 The operation and maintenance costs affect only the blifiidicycleafter the construction

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

Tabl85 Summary of the most important maintenamegntestsiaivals

Position Activity Interval Share of | n- Unit
vestment costs
Exterior wall Maintsance  Annually 15 % 0/ a
Floor construction Maintenance  Annually 15 % a/ a
Flat roof construction Maintenance  Annually 15 % a/ a
Windows and doors Maintenance  Annually 15 % a/ a
Ventilation system with heat recovery Maintenance Annually 40 % a/ a
Air distribution system Cleaning and Annually 6.0 % a/ a
maintenance

District heating transfer station Maintenance  Annually 30 % a/ a
Ground source heat pump Maintenance  Annually 30 % a/ a
Air heat pump Maintenance  Annually 30 % a/ a
Thermal colletors Maintenance  Annually 10 % a/ a
PV system Maintenance  Annually 10 % a/ a

4.3. REPLACEMENT AND RENEWAL

The replacement of the construction components is necessary, especially for active compomants. The co
ponents of the building envelope have a bigiintcal lifetime and will be not rebuilt, but demolition costs
arise at the end of thite cycle Active components of the building equipment are typically renewed several
times during the lifetime of the whole building. In this report, an obsepeitid of 40 years is chosen,

which is a relatively low expected lifetime for the building envelope. This has to be adjusted H-a higher o
servation period will be chosen. The building elemétiitsa lifespan lower than the observation period,

are reinvest, and the remaining residual value is deducted after the observatioraprgfilists the
technical lifetime of the building elements, which were gathered from the D2.2 and the CRA®Ezero dat
base of WP4.

Tabl&6 Technical lifetime of prototypical nZEB elements

Position Techn. lif e- Position Techn.
time (years) life time
(years)
Exterior wall 40 Air heat pump 20
Floor construction 40 Buffer storage 20
Flat roof construction 40 Thermal collectors 20
Windows and doors 40 Ventilation unit with heat recovery 15
External sun protection 40 Air ducts, air distribution system 30
Interior wall and elements 40 Compressor cooling 15
Kitchen and bathroom furniture 40 Free cooling 40
Electric network 25 PV - modules 25
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Position Techn. lif e- Position Techn.

time (years) life time
(years)
Heat distribution network 30 PV - inverter 15
Floor heating 40 Cables for PV and Inverter 40
District heating transfer station 20 Building automation system 40
Ground source heat pump 20

4.4. ENERGY PRICES AND PR ICE INCREASE

The energy ctsswere calculated for each investigated variant based on the final energy demairid of the var
ant. If PV was present in the specific variant, the electricity demand was reduced by the share of self
consumption of the P¥lectricity. The PV surplus eledyrjaivhich cannot be used directly in the building,

was fed back to the grid at significantly lower rateEa(sie87). The electricity price was derived from the

LCC tool in WP2 and creskecked with the values from Eurostat.

Table37 gives an overview of the used energy prices of the different energy sources in Austria, France and
Italy.

Tabl&7: Energy prices as boundary conditions of the economic efficiency calculation

Energy ca rriers AUSTRIA FRANCE ITALY Unit
Natural Gas 0.060 0.086 0.095 0/ k Wh
Electricity 0.187 0.146 0.216 0/ k Wh
District heating 0.090 0.033 0.100 a/ k Wh
PV feedin tariff 0.048 0.060 0.070 0/ k Wh

As described in chapteifor each case study the energy prices anthfesiffs were varieghdrameter
0osensitivityod). I n total four Theds$umptiensdnwlsichther ar i o
calculations in the respective levels are based arershalln38

Tabl8 energyiceandfeed t ari ffs in the four | evels of the
LEVEL 1: LEVEL 2: H IGH LEVEL 3: LOW LEVEL 4. PHPP
STANDARD DEFAULT
Energy price increase pt 1.0 % 2.0% 0.5% -
year
Increase of PV feed 1.7% 2.7% 0,7% -

tariff per year

4.5. ANALYSIS OF THE CO2 FOLLOW -UP COSTS

Besides the variation of the energy price andnféadff increase, a further varied parameter in the ec
nomic evaluation was the consideration of fGl@w-up costsat different leveldn total four levels were
defined, calculated and analysed. These four levels are:

1 Low CG follow-up costs: 100 EUR/b2a

I Standard Ce&follow-up costs: 200 EURfb..a
1 High CQ followup costs: 300 EUR{b..a

1 No CO:follow-up costs: 0 EUR&x2a
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4.6. ANALYSIS OF THE USER BEHAVIOU R

Additionally also aensitivity analysis was carried out to investigate the influence of differentwser beha
iours on the results. As already indicated in the description of the investigated parameters of each case
study, four different user behaviours, whingeadrominefficientuser behaviour (level 1), over a standard

user behaviour (level 2)dfficientuser behaviour (level 3). For comparison also the default settings from
PHPP were used (level 4).

Table39gives an overview ofaliour different user behaviours and the parameters that were varied.

Tabl9 Description of the four different user behaviours

PARAMETER LEVEL 1: NOT LEVEL 2: LEVEL 3: E F- LEVEL 4:
EFFICIENT STANDARD FICIENT PHPP D E-

FAULT

Troom (during heating perigpd 21°C 22 °C 23°C 20 °C

DHW-demand (at 60°C) 29 1/d 333 I/d 485 I/d 3331/

Misuse of external blinds durin 0 % +10 % +20 % 0 %

winter time

Electrical loads 20 kwh/m2a 266 kWh/m2a 35 kWh/m2a 266 kWh/m2a

Additional widlow ventilation 0.0 1/h +0.05 1/h +0.1 1/h 0.0 1/h

during winter time
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CHAPTER 5

RESULTS OF THE PARAMETRIC
ENERGY AND COST CALCULATIONS
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