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FOREWORD

This report summaries filsttivities and results of using existing technologies and practices, most
Wor k Pa c &dlLifieeycldé A8 eduction of experts agree that a breszdle shift towards nearly
new nZEBO , part of t h ezerokhergyi milding® @egures significant adjust-
CRAVEzero project. ments tocurrentbuilding market structures. Gost
Cost optimal and nearly zenwergy performance effective integration of efficient solution sets and
levels are principles initiated by the European Uenewable energy systems arm#jerchallenges.
ionds (EU) Boe eff Bgildingd Bi-+ €CRAYERero focuses on proven and new approach-
rective, whichwas recasin 2010. These will be es to reuce the costs of nZEBs at all stages of the
significantdrivers in the construction sector in thdife-cycle(sed-igurel). Theprimarygoal is to iden-
next fewyeardecause all new buildings in the Ellfy and eliminate the extra costs for nZEBs related
from 2021 onwardsaveto be nearlygero energy to processesethnologieshuilding operation and
buildings (nZEBs)publicbuildings need to achieveto promoteinnovative business models considering
the standard already by 2019. the coseffectiveness for all stakeholdersthe
While nZEBsrealsed so far have clearly shownb u i | lfé-cpctpd s

that the nearlgeroenergy target can be achieved
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Figurel: CRAVEzerapproach for cost reductions in the lifecyde of nZEBs.
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EXECUTIVE SUMMARY

Already today buildings carrbalsedin the nea_lrly 1 The cost optimum of primary energy demand
zero and plusenergy standard. These buildings and CQemissions is in the rangenefrly ze-
achieveextremely lowenergy demands and low  ro and passive houseadighly insulate@nve-

CO; emissions and ca® operate@conomically. lopes and highly efficient windows are usually
For this reason, the motivation in the CRAVEzero economical even without subsididssis also
project is not only based tire energycharacteris- due to the long service life of these compo-
tics of buildings, but alsm their lifecycle costs. nents in comparison to HVAC systems.

However, the broad market deployment of these

buildings is progressing very SIOWI@B.E_,O&S me_th- 1 The optimum costcurve in relation toCO

ods and processes for the eggttmal integration emissions is very flat. Low emissions and en-
of efficiency measures and renewable energies aregrgy requirements canereforebe achieved
not yet sufficiently described and therefore not yet \uith different energy concepts as long as the

common As a consequeneenany poorly planned envelope is very efficiemhis means architec-
buildings are criticised for the fact et actual tural and conceptual freedom.

energy consumption of highly efficient buildings is
higher than the predicted demand and liigtt 1
efficiencystandards are expensive and uneconomi-
cal. The influence of the user behaviour of such
energy efficient buildings is another aspeathwhi
has to be considered to evaluate the impact on
energy consumption of the building.

The identification of suitable methddsthe ener-
geticeconomic optimisation of highly efficient
buildings in all lifeycle phasdsa prerequisite for

the broadnarket implementation.

In the energetieconomic optimisation of build-
ings, there are different interests of the actors ar:f, , . : : .
derived from this, different perspectives, time e It is po_SS|bIe_ to find a solution set with nearly
pectancies and goals. There are the tenants/users, €dual financing cost and/or net present values,
the real estate agents, lgdcontractors, planner, but with Iess_ primary - energy consumption
property managers, investors, owners and also and/or CO:emissions.

companies whichredirectly or indirectly involved

It is showrthat energy efficiency and eao-
ic efficiency are not contradictory strategies,
but can complement each other very well.

tﬁe The parametric simulation results showed that
the variance in the financing sq80%) and

the net present value @& is relatively low,
whereas the primannexgy demand (66)

and the CQ(73%) emission vary in a broader
range.

within the building process 1 The sensitivity analysis showed that the inter-
On the basis ofthe results, the statemeist est rate and the inflation of energy costs had
confirmed nZEBs areeconomicallt can nowbe the highest influence on the LCC costs. Fur-

shown that the additional costs of efficiency ther important factors were the maintenance
measures are so low that highly efficient buildings C€Ost, electricity costs and the cost of the struc-
have the lowest lifeycle costsnZEB measures tural elements with a mediurfiience on the
only have a small percentage influence on construc- LCC costs.

tion costs, but can reduce £emissions many

times over. When osidered over the service life,1 The user behaviour had a major influence on

these measures are usually-remstral or even the total energy consumption of a building.
economical. highly efficient building can at least support
The following points cére summarisdd detail: the user tdurtherreduce his energy consump-

§ The energy standard has a small influence on tion.
the buildingand construction costs. Energy ef-__ _
ficiency is thereforeot amajorcost driver in This reportiescribethe methodology and data
construction. used for the building simulation and

parametsationapproactho quantify possible cost

1 The additional construction costs of nzZEB&Nd energy savings of nZEBs throughouftie
are compensateth the lifecycle of most cycle Furthermorghree different methodologies

technologies even without subsidies. areprototypicdy tesed.
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1. INTRODUCTION

1.1. Objective

This reportfocuses on three methodologies for teametrical implementation of cost reduqbiaen-
tials for nearly zero energy buildings. The parametric analysis is implemented @RAVEzeracase
studiesas described in D2.2 serving as a baseline for foptimisation and also acting as frontrunner
projecs showing it nZEBs carbe reatiedin acostefficientway The evaluation of cost reduction poten-
tialsinclucesdesign, construction, commissioning, maintenapegtionrand enebf-life phaseThis re-
port thereforelaysthe basi$or a structuredife-cyclecostandenergyanalysisThe aim igo ratedifferent
nZEB technologieg@rocesses, solutisets and buséss models on the existing casesderto raise the
maximum potential of cost reductiarthe upcoming reportsgithin this work packagkleasurable nearly
zero (or beyond) primary energy consumption an@@@sions over the whdife-cyclewill be pointed

out as wellThis first report of WP06 focuses on teénition ofthe methodology for the parametric anal-
ysis and &rst parametric modébcusing orcost reduction oiZEBs (based on case studies analysed in
WPO02)s applied and tested

1.2. Stateofthe Art/ Problem Description

Although efficient technologies for zewed plus analysis in early stages is on only one stakehold
energy buildings are available on the market, maswyally the owner/builddProcessesid thus costs
factors are slowing down thénoadmarked im- that occur after completion of the building, such
plementation. Cost and construction time overrunaused by thenergyse bythe tenants/owners but

of zeroand plusenergy buildings due to uncleaalso costs fomaintenance and repairs or even re-
requirements, unclear processes and the lackfuobishment or demolition of the building are hard-
knowledge lzout these technologies are still thly taken into account in the cost consiti@ns at
standard in the construction industry. Thegeest the beginning of the planning phase.

potential for processes and cooperation betwe®ne possibility would be to consider the costs over
urban and spatial planners, municipalities, endtgy entirelife-cycle or at least #dongerperiod of
suppliers, investors and property developers, ctme of the building. Often zerand plusenergy
struction compaas, building users, facility managsoncepts are rejected due to high investment costs
ers, as well as renovation, dismantling and wastd uncertainties about their actual performance
disposal companies. (costs, energy, comfort).

In the early planning phases, the client and architeatvious work in this field either only depicts par-
are facedvith the decision to define the architedial areas or is often not sufficiently based on relia-
tural concept, the type and quality ofe¢helope ble data from buildings that have alrebegn

and the technical equipment of the building. Ofteralsed In the following, theplanning and

the amount of the construction costs is used ag@imiation processes for highgnergeticallgnd
determining factor, while the operational costs plyonomical buildings wile examinedhore close-

no or only a minor role. The decision for zero dy. This procedure will be demonstrated using three
plus energy and tlaetions to be takeare sually different methodologies within prototypical
donein a late phase and therefore have a signific@RAVEzero frontrunner buildings.

impact on the building and construction casts.

is oftendue to the fact thathe focus of the cost
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2. MULTI -OBJECTIVE BUILDING LIFE-CYCLE
COSTAND PERFORMANCE OPTIMIZATION

This chapterapplies a multibjective optimisatiompproach to investigate a specific problem, icabes
the effect ohZEB design variables on energy, environmental and economic performance

It addresses a methodological apprwabétter understand the effettiztnZEB design variables hawe

the wholelife-cycleof a building and how it che implementeds part of the design process.
Combiningthe CRAVEzerdife-cyclecost tool withstateof-the-art energy calculation methods and a par-
ametric optimisation tool to minimise the energy andé€l&ed emissions of buildings. A simulation
driven design process with detailedpamdmetric analysis showed that reduced construction 20%6,by
reducedife-cyclecosts by15%, primary energy demand by®&nd CQ emissions by3% could be
achevedcompareavithin thenZEB variants.

This approach has been guided by the following key questions
o0 Which are the nZEB variables thatermine the relative importarafeheir impact on energy,
environmental and economic performance
o What is the relae importance of the main nZEB design variables, considering a wide range of
performance indicators?
o Which are the numerical parameters that debestibe nZEB design variables, and thus can be
used to redudde-cyclecosts and relaté€2iO, emissios of NnZEBs

The general aim of this chaptefuishermoreto contribute to the development of methodological ap-
proaches that provide a more comprehensive understanding of the design variables, specifically in terms ¢
their effects on energy, environmkatal economic performance of offiwi#ldingsand residential build-

ings Such arapproach is especially important to simplifyddeesioamakingprocess during the early
planning phase of nZEBs. In this phase consistent and reliable informatiore teequide the design
strategies and achidvighperformancéuildings with a reasonable investment, optional and overall pre-
dictedlife-cyclecosts.

2.1. Methodology

In the traditional planning process, the client, arclihe term"multiobjectiveparametric analysis” in
tect and specialist consultant develop a buildihgs report defines a method in whiehseriesof

with the relevant technical equipment and buildinglculations are run by a computer program, sys-
services. In many cases, evergptimiesin their  tematically changing the value of parameters associ-
associatedreaandthus the building projecka atedwith one or more design variables. Kieg
wholeis being lost out of sighi the traditional feature of this appachis thatit allows evaluating
planning processsually only a few variants arethe effect of individual design variablesnergy,
considered and are often not planned and analysests and environmental parameters in one step

at the same time, but discarded at an early st®yeblems associated with the design of buildings
Thus, it can happen that at the end a buildingoften comprise conflicting or contradictory objec-
built and inoperation it turns out thate.g.the tives, such aminimisngenergy consumption while
running costs are extremely high. If, on the othewestment costare increasedr reducing both
hand, several variants déeing compareth the CO; emissions and increaslifig-cyclecosts. As a
planning phase, includilifg-cyclecosts, a sound result, in recent years the rroiifective
decision can be made already in advance. optimisation analysis has become more popular
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than the singlebjective analysidamdy and Mau- problem includes only two objectives, the Pareto
ro, 2017) front is a twedimensional curve. This concept can
The multiobjective approads basean the con- also be applied to three or more objectives, alt-
cept ofpareto frontier: a solution is optimal whemough the results are more difficulatalyselt is

no other feasible solution improves one of the olso important to note that this approach, rather
jectives without affecting at least one of the othénanfinding a single optimal solution, seeks to ex-
In that casethe multiobjective algorithms generatglore a set of optimal solutions and evaluate various
a set of solutions, known as gaeeto front. If the tradeoffs among therfChiandussi et al., 2012)

o Conventional o p tof npbssildet solutions basesd e anr emipidcal values
(Figure2, left picture)
0 Optimisatonusi ng oO0extr algpopethméal ue sear ch

O OBrdubece met hoddé wit h a(Figured dghtpictidre) al | possi
Conventional method Parametric strategy
i : "% Scope
ANOA[OAYuGG; L
X Investigated solution
X Not investigated solution
[ X] ﬂ Final solution
ANNMYOANAR 5
AAANAAAEE
b B .
ANAAOAA[AN | B

Figure2: Multiobjective buildintife-cydecost and performaneaptimiation

The advantage of the manual search obgdtima is a very largenumber of variants (sevethbu-
usually lies in the manageable number of variagdad, which can onlge calculatealutomatically. It
and thus thenoderateeffort. The disadvantage, asalso restricts the calculation methods. If, for exam-
shown inFigure2, is that only a local optimum carple, dynamic building simulations are used to
be found and not the best global solution. optimise a building, whereachsimulation takes
Optimisation usinga "parametrioptimiser’ offers  several hours, it isohpossible to calculate thou-
the adlantage that the variants apimisedfor a sands of variants with a manageable amount of
specific goal or cost function and can be fourmbmputing timeBy multiobjective buildindife-
more or less precisely depending on tlayclecost and performanagptimisation it is pos-
optimisation function. However, it does not allowsible to find optimal solutions, amdmgge num-

any statement on maxima, minima or statistitelrs of possible combinations dfiables. Various
distributions of the vamts.In addition it is diffi- decision variables che consideretbr the build-

cult to consider the additional benefits describew envelope, the heatisgstemthe ventilation
above, as these often cannot be described as laardiair conditioning (HVAC) systems;site ener-
target values, e.g. monetary. gy generation systems or financing schemes/ busi-
With the brutdorce method or the investigation ofness models. Examples of the objectaes

all possible variant combinations, alltispisiare minimeation of environmental impacts (energy
consideredlt thereforeoffers the advantage thatconsumption, carbon emissioat), coss (in-
statistical evaluations cenmadedistributions can vestment cost operating cost life-cycle cos),

be derivedandthe additional benefits can al® equipment size (energy generation units, HVAC
considerefbr selected variants.bfg disadvantage systemetc), and/or maximsation of indoor air

13
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qguality, energyefficiency, etc These can be
achieved individually, siegleobjectives, or simul-

taneously, as muiibjective optimisation The

constraint functions may indicate satisfying, or not
violating, different criterize.g. thermal comfort

level, total investent cost limitprimary energy
limit etc (Wright et al., 2002)

The method of energgconomicoptimiation is
shownin Figure3:

o Design, first preptimizations.

o Determination of target values and goals

Is a further development of the
"KoProLZK+" calculation method by
Energieinstitut Vorarlberg and AEE
INTEC.

Reduction of time expenditure by using ex-
isting energy demand calculatioof a
building with the passive house project
planning package PHPP.

The life-cyclecostsare calculatedith the
CRAVEzerdife-cycletool.

Automation of the calculation by VBA
macros in M&xcel©.

o Determination of the parameters to be vaWith this method, morénan31.000different vari-
ied and their levels.g.envelope quality, ants coulde calculateh a manageable amount of
heating system, window size, window qudime for one prototypical CRAVEzero case study

In most cases, a building has to be calculated sever-

ty.

0 (Automated)energy demand calculationsl times, because input errors and missing inputs,

according to energy certificates or the pashich are caused by the combinatoridhefpa-
sive house project planning package, dwmeters, can often be detectedy during the
namic building simulation. subsequent result evaluation

o Calculation of thdife-cyclecosts of each
variant, taking into account promotion, a) The simulation models haween defined
maintenance, replacement investmant
residual value. always met, dependingtba usebehaviour.

o Evaluation and presentation of results. b) A wide range of building performaiice

in such a way that standard comfort levels are

dicators haveeen useth the analyses, includ-

Together with the Energieinstitut Vorarlberg (EIV),
AEE INTEC developed a method to automatically
calculate thdife-cyclecosts of thousands of vari-
ants as part of the "KoPro LZK+" project. &h
automateaalculation for many variants, whies
usedn this report:

ingfinal and primargnergydemand CO; emis-
sions and initigl operational renovation,
maintenanceost as well as the overkifié-

cyclecosts over 40 yedimespan

=
i
— X € A€
—
: \L (‘
= L
'\'_"': c] Calculation of life Analysis and
. I I Parameters : . : IIIII. cycle costs interpretation
Automated energy
Draft and demand Tender and
pre-optimisation calculation with costing
VBA macros

Figure3: Method of energy economicoptimisation in CRAVERe T. et al.)

14



2.2. Assumptions and Boundary Conditions

The construction castf the buildingfor the aalysedtase studywereprovided by the project partner
Skanska. The building has alréssgy constructedndreal cost data is available. The costs for the varied
technologies and building elements were also directly provided by Skanska. Theecest systbms

and the ground source /air heat puwgre deriveérom the component database of KoPrd&kZand
CRAVEzero (WP4). All costre reporteds "net costgexcluding VAT)Land costs and excavatioosts

were taken into account. Due to the steamtgase of the construction costs in the EU during the last dec-
adesKigured), it is necessary to apply an index correction to cost data, which had a different reference year
than the real building.he real cost data was provided by Skangka basis dhe year 2015.

105

100

95

90

85

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Labour cost Output price construction Construction cost ——Input prices for materials
Source. Eurostat (online data code: sts_copi_qg)
eurostati@a

Figured: EU-28cost index ofanstructiorprices, construction cost and cost componentdZilY, unadjusted data
(2015= 100) (https://eceuropa.eu/eurostat/statistiegplained/index.php/Construction_producer_price_and_
construction_cost_indices_ovenjiew

The considered building locatedn Swedenanda climate data fileasgenerated for the area of Vaxjo
with Meteonorny.1.8.2963&jnce there was no climate data available in the surrounding area.

The economic evaluation of the variggtiasedn an observation period4d yearg¢l ablel), whichwas
previously defineih D2.2 (Deliverable D2.2: Spreadsheet with LC®s3 observation periagas chosen
because this duratios feasible for private housing, as welloagproperty develass. As financing
scheme, a bank loamas chosewith a credit period time of 25 years and an interest reie dttg equity
interest rate for the equity investmeas seto 1,51%, theinflation rate to % andthe discountate of

the used capitalviestment was %. All these valuesere takerfrom the CRAVEzero LCTool. The
different technical maintenance costs and lifeepéire different components are taken into account and
based on the gathered data in D2.2 and B®&VEzero databasef WP4 Cost drivers can alge
determinedy evaluating individual parameien®lation taosts. The following cost iteare takemnto
acount:total costs, financing costs, energy costs inchabigees, replacement investments, operation
costs, maintenance cosepairsand residual values. The energy costs also take into account the revenues
from the grid feeth of the electricityemerated on the building from renewable sowe@eBY electrici-
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ty). Noadditionaffollow-up costs such as administration, insurance, cleaning, security services, building
services and demolition coste includedh this report Rental incomeare nottakeninto account. All

costs are <cal cul at ldecycleicsoisntg ttohod 6 ¢ CRvAM Eoehprojesh s d e
KoProLZK+ andCRAVEzero

Tablel: Boundary condition for economicevaluation

E conomic boundary conditions Reference
Observatiomperiod ofife-cydecost 40 years
Equity interest rate 151%
Inflation rate 2%
Disoount rate 3%
Credit period 25 years
Interest rate bardkedit 3%

2.3. Energy Pricesand Price Increase

The energy cosisecalculateéor each variant. Basedtbeenergy demand of each variant the calculation

of the resulting cost of each energy carrier (namely district heating and electricity) was aletdrenined

basis offinal energy consumption. If PV is present insgeific variantl{reedifferent levels: no PV,

728 kWp or 13KkWp), the electricity demanes reducely the share of seibnsumption of the RV

electricity. The PV surplus electricity, which cannot be used directly in the bagftiddaek to the grid

at significantly lower ratesO®i / k Wh) . The electricity price was
01870/ k Wh in the standard scenario. The owae al |l &
determinedn the bais offinal energy consumption and the associated energy prices. The lifesulting
cyclecostwastaking an energy price increase over the observation geraxtount by aannuaper-
centagenergy price incregSable2).

Table2: Energy prices antbtenergy price increases as boundary conditions of the economiceffidency calculation

ENERGY CARRIERS NET PRICES UNIT PRICE INCREASE
SWEDEN [%]

Electriaty 0,187 0/ k Wh 10

District heating 0,05 0/ k Wh 1,0

PV Feedn grid 0,03 0/ k Wh 1,7
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2.4. Maintenance Costs

To consider the castiuring the operational phase of the buillfiegyclemaintenance costereapplied

as fraction of the inveshent costs per year. These maintenance v@sts gatherettfom the LCC
spreadsheet of the casteidy Solakn (seeD2.2). For the parameters whiee not covereih the
casestudy these factorsere conductettom the CRAVEzero databask WP4 The most important
building elementrelistedin Table3. The operation and maintenance cdétst only the buildindfe-
cycleafter the construction pha3dese costare particularly relevant for future owners, building opera-
tions and property manager.

Table3: Summary of the mastportantmaintenance costs and intervals

POSITION ACTIVITY INTERVAL TODAY'S COSTS UNIT
(NET)

Exterior wall Maintenance Annually 15%of Invest a/
Floor construction Maintenance Annually  15%of Invest a/
Flat roof construction Maintenance Annually  15%of Invest a/ a
Windows and doors Maintenance Annually 1,5%of Invest a/ a
Ventilation system with he Maintenance Annually  4,0%of Invest a/ a
recovery

Air distribution system Cleaning and maintenan Annually  6,0%of Invest a/ a
District heating transfer static Maintenance Annually  30%of Invest a/ a
Ground sourdaeat pump Maintenance Annually  30%of Invest a/ a
Air heat pump Maintenance Annually  3,0%of Invest a/ a
Thermal collectors Maintenance Annually  1,0%of Invest a/ a
PV system Maintenance Annually  10%of Invest a/ a

2.5. Replacement of Renewal

The replacement of the construction components is necespatyallfor active components. The com-
ponents of the building envelope have a high technical lifetime adsdailrebui| butdemolitioncosts

ariseat the end ofhelife-cycle Active components of the building equipment are typically renewed several
times during the lifetimaf the whole buildingn thisreport an observation period of 40 years is chosen,
which is a relatily low expectelifetimefor the builihg envelopélhis has to be adjustedaihigher ob-
servation period witle chosenThe building elements with a lfespan lower than the observation period,
are reinvestedndthe remaining residual vaisaleductedfter the observation periadable4 lists the
technical lifetime of the building elements, wihiexte gatherddom the D2.2 and the CRAVEzero data-
base of WP4.
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Tabled: Technical lifetime pfototypical nZERIements

POSITION TECHN. POSITION TECHN.

LIFE TIME LIFE TIME

(YEARS) (YEARS)
Exterior wall 40 Air heat pump 20
Floorconstruction 40 Buffer storage 20
Flat roof construction 40 Thermabollectors 20
Windows and doors 40 Ventilation unit with heat recove 15
External sun protection 40 Air ducts air distribution system 30
Interior wall and elements 40 Compressor cooling 15
Kitchen and bathroom furniture 40 Free cooling 40
Electric network 25 PV - modules 25
Heat distribution network 30 PV -inverter 15
Floorheating 40 Cables for P¥ndinverter 40
District heating transfer station 20 Building automation system 40
Ground source heat pump 20

2.6. Variantsand Sensitivity Analysis

The results of thiife-cyclecost analysistrongly dependn the selected input paramet@€osgather the
impact of the parametric modsnsitivity studies are carried dbe user behaviour identified as influenc-
ing factorwas addressdiy defining three different levelalfle5). level 1(efficient) represenan ideal
userjevel 2 (standard) is defined as a standardndlevel 3 (inefficient) defines a useo wperates the
building in a not energjfficient way.

Tableb: Parameter levels of user behaviour

USER BEHAVIOUR Levell Level2 Level 3
Treom (duringheatingperiod) 21°C 22 °C 23°C
DHW-demand (at 60°C) 29I/d 3331l/d 485l/d
Misuse of external blinds during winter time 0% +10% +20%
Electricaloads 20kWh/(m2a)  266kWh/(m2a)  35kWh/(m?a)
Additional window ventilation during winter ti 0,0 ¥h +0,051/h +0,11/h

The first part of the evaluatiovas focusseoh the specific parametric models with the standard user be-
haviour (Level 2 ihable5) and the standard energy tariffs (listdalite2). The second part of the sensi-
tivity analysiss focusedn the robustness tifie technologes which means the influence of the user on
theenergyerformance as well@sthelife-cyclecost.
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2.7. General Parameters for Parametric

Studies

M odels of the CRAVEzero Case

The following general parametese identifiedluring a workshop within the CRAVEzero consortium.

The parametekgerechecked according to the practicality of the CRAVEzero approach.

Tables: General parameter modelSidEBs

CLASSI-
FICA-
TION

Building /
Envelope

Ventilation

Heating
System

Cooling

Solar
thermal

PV

User
Behaviour

PARAMETER

General

Location

Glass tosurface
area

Overall construc
tion

Windows
Doors

Walls

Type

Heat recovery

Generation

Distribution

Dissipation

Generation

Distribution
Area

Operation

Collector

Power
Battery

Operation

Roomtempera-
tured heating
Room tempera-
ture-cooling

DHW - demand

LEVEL

UNIT 1

- Location

- Graz

% As built

Minimum
- require-
ments

- Glazing

- Glazing
Conduwdv
ity

- Window
% 60

Pellet
boiler

- Direct

- Air

Heat
pump
- Air
m?2 5
DHW
only

Flatplate

kWp 5
kWh 5

Full feed
in

°C 20
°C 24

- Low

LEVEL
2

Glass to
surface
area

Vienna
20

Passive
house std

Shading

Mainte-
nance

Insulation
Air
extract
unit
70

Wood-
chip
boiler

Con-
centric

pipes
Radiator

Absorpti-
onheat
pumps
Water
10

Heating
only
Vaccum
tube

10

10

Surplus
feedin

21

25

Standard

LEVEL
3

Orientati-
on of
building

Stock-
holm

30

Pre
fabricated
facade
Mainte-
nance
Orientati-

on
Thermal
mass
Central
Vent.
Unit
80
Gas
con-
densing
boiler

4pipe
systems
Floor
heating
system
Passive

cooling
systems

15
DHW+
heating

PVT

25

25
E-
Mobility

22
26
High

LEVEL
4

Shading

of exter-
nal ob-
jects

40

Pre
fabricated
house
Orientati-

on

Size

Thickness

Decentral
Vent.
Unit

90

District
heating

2 pipe
systems

Wall
heating
system

25

50

50

Contrac-
ting

23

27

LEVEL
5

Building
density

50

Different
Glazing

Size

Mixed
Venilati-
on

Geother-
mal heat
pump

2 pipe
systems
@35°C

50

100
100

24

28

LEVEL LEVEL
6 7

v(vBri)unhd-a Air heat
aterhea o
pump

Decentral
storages

100

200
200
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Shading - As built Ideal Standard High

Household . Not

dectricity - Efficient  Standard efficient
Automa- Automa- Automa- Manual Manual Manual

Lighting tic con- tic con- tic con- con.trolled controlled controlled
trolled trolled trolled high std. low
high eff.  std. eff. low eff.  efficiency efficiency efficiency

Window Ventia- Ideal Standard  High

tion
Equity Contrac-  Energy
. PV - . : .
Business financing ting flat rate
models Funding - None Current  Enhanced Decreased .. i eq
scenario subsidies subsidies
Sensitivity % None Low Sandard High
Increasem_ %la None Low Sandard High
energy price
. . a/ .
Pricing Primary energy KWh Low Sandard High
- a/ .
Electricity KWh Low Sandard High
CO2 0/ tc 15 30 50
2.8. Parametric Models 0 Case Study Solallén
o il Generalinformation

Owner: Brf Solallén (Tenant owned)
Architect: Skanska Teknik
Energy concept: Net ZEB
Location: Vaxjo (Sweden)
Construction Date: 2015
Net floor area:. 178 né
Key technologies:
1  Well insulated and airtight
1 Balanced ventilation with heatovery
1 Ground source heat pump
1 Photovoltaic panels

= =4 -4 —a A -1

Figureb: Case study Soéall

The seven, freestanding buildifiagure5) are well insulated and using®&ss energy according to the
national Swedish building code requirement. Each buildingamsiabnergy demand of 80vh/m?, a
photovoltaic system on theof and a geothermal heating and cooling system, which led to a net zero pri-
mary energy balance. During the construptiasea reduction of 3% of embodied carbon saving was
achieved by using foundation materials efficienttyianmdsing constructio equipment.

The CRAVEzero approagvas prototypically implemeniedhe case stu@plallérbased on the already
gathered building davé oneof the sevebuilding in PHPR where the energy demands and yields were
scaled up to the total demand andiyélthe seven buildings. Tlife-tyclecostsof all seven buildings

were gathered from th&k@VEzero LCET ool (from WP2) as well as from the CRAVEzero database
WP4 According to the defined general parameters in the previous chapter a setesietgrpdifimeters

with threeto four levels are defined for the case sBalgllér(Table7) by Skanska. The parameters consist

of passive actions (parameter 1, 2, 3), active actions (parameter 4, 5, 6, 7, 8), user actioBsgpdrameter
economic actions (parameter 10). The folipwhaptersontaina detailed description of the varied pa-
rameters and their impact related to the reference case in D2.2.
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Tabler: Overview of the parameters and their different(evedduilding)

PARAMETER LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
Parameter 1: Floorslab 200mm Floorslab 300mm Floorslab 400mm
Insulation insulation insulation insulation
Exterior walls: Exterior walls: Exterior walls:

250mm insulation  455mm insulation  600mm insulation
Roof: 450nm insula- Roof: 600nm insula- Roof: 75nm insula-

tion tion tion
Parameter 2: n50:1,51/h n50: (B41/h n50: 041/h
Air tightness
Parameter 3: 1,10W/ (m3K) 0,90W/ (m2K) 0,70W/ (m2K)
Windows
Parameter 4: SFP: Ir'5 SFP: b SFP: P5
Ventilation g 80% g 85% g 90%
Parameter 5: District heating Ground source heal Ground source heal Extract air heat pum
Heating D kWi pump: &KW pump5kWi, 1,8 kWi
SCOP: D SCOP: 5 SCOP: ® SCOP: 5
Parameter 6: No PV 0,034kWy/m2cra 0,0624&Wy/m2gea
PVs
Parameter 7: Nosolarthermal  0,0334n2.0/M2gra, 0,066 M %0/ M3GEA,
Solar Thermal standard flat plate vacuum tubes
collector used for DHW and
used for DHW heating
Parameter 8: Compressor cooling Free Free
Cooling 3 kWi oooling/boreholes  cooling/boreholes
SCOP: 3 1 kWi, 2 kWi
SCOP: 20 SCOP: 20
Parameter 9: Plug loads and light Plugloads and light Plugloads and light
User behavior ing: 2kWh/(m2a  ing: 266kWh/(m2a)  ing: 35%kWh/(m?a)
DHW: 15kWh/ (m?g DHW: DHW: 25kWh/ (m?g
172kWh/ (m?a)
Parameter 10; Electricity: Electricity: Electricity:
Energy tariffs 0,060 / k Wh 0,080 / k Wh 010/ k Wh
District heating: District heating: District heating:

0,0350 / k Wh 0,050 / k Wh 0,0650 / k Wh

The followingchapters include @etaileddescription of each parametric masiblasedn the reference

case Table8). Each parametric modehs applietb the reference casandthe iriluenceon the specific

heat demand of the buildings evaluate@he parametric model of the user behavietell, level2 and

level3 in (Table8) were comparedith the reference casar the parametric models without a direct in-
fluenceon the specific heat demand of the building (heating system, PV, cooling demand) other evaluation
was carried out.
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TableB: Parameter levels of user behaviourinduding the reference case

USER BEHAVIOUR LEVEL 1 LEVEL 2 LEVEL 3
Troom(duringheatingperiod 21°C 22 °C 23°C
DHW-demand (at 60°C) 291/d 333l/d 485l/d
Misuse of external blinds durit 0% +10% +20%
wintertime

Electricaloads 20kWwh/(m2a) 266kWh/(m2a) 35kWh/(mz2a)
Additional window ventilation 0,01/h +0,051/h +0,11/h

during wintertime

2.8.1. INSULATION (PARAMETER 1)

REFERENCE
20°C
3331I/d
0%
266kWh/(m?2a)

0,0 1/h

e
The insulation thickness hamajorinfluence on the heag g 90
demand of a building. The insulation of the envéédipleuild- % 40
ings)was varied for thinsulation on the flosrthe wals and g%
the roofs. Thetotal surface aresare:floors 2099m2, external S NE 30
walls1325m2 androofs2106m2 The insulation thickness of § = 20
each levelvasinsertedin PHPP, which results in d'rfferentf E
construction thickness anevdlues o = 10
= 0
<
level 1 level 2 level 3
0.2 level 1 e
Wleve 1o mlevel 1
Blevel 2 ’ mlevel 2
g 0,15 Olevel 3 E 1 Olevel 3
£ 20,8
; )
= 0,1 <
(O] —-— [&) 0,6
= =
<
= ~ 04
> 0,05
0,2
0 0
Floor Wall Roof Floor  Wall  Roof

Figuret: Annual heating demaiop figure)U-valug(left figureland total construction thicknésght figurepf each

insulation leveks reference conditions

The additional costs for the different insulation thicksiegdude additional structural costs to take up the
insulaibn. The gathered construction costs of each level based on an estimation of the industry partner.
The total construction costs (floor, wall and roof) has a sharésoiei®ll), 48% (level)and 51%

(leveB) from the construction cost@5357640 in D2.2 demo case)9 The considered lifespan was
40years (economic observation peradfithe maintenance costs wefE% of the inveshentcost per

year.
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2.8.2. AIRTIGHTNESS (PARAMETER 2)

Air tightnessnfluencs the heat demand of a buildingaltteringthe air exchange with the ambigigure

7). This parameter is accounted by the air chandatrptessure testqDIN EN 13829. The air change
rate of the envelopsas variefom 04 to 151/h. Theinvestmentoss of this parametewveremainly
driven bya higher cost of building supervisisensigationof workers, especially with openings of the
building envelope anelssmaterial costs. The shamethe construction cost92.2) ofthe first level was
0,3 %, of the second leve)3? and 06 % of the third level

50 115 (o84 (04
40

level 1 level 2 level 3

P N W
© o o o

Annual heating demand
[KWh/(m?2a)]

Figurer: Annual heating demand of eaittightneskevel at reference conditions

2.8.3. WINDOWS (PARAMETER 3)

The windows, as part of the buildémyelopeaffect the heating demand due to their heat losses and their
solar transmittance. The glazing of the building3 @4 total) vaesin three levels. The first level consists

of glazingwith a total Wvalue (incluidgthermal bridges) of 1W/(m2K) anda gvalue of @. The second

level has a-Malue of ®W/(m2K) and a gvalue of (8. The third level has a/dlue of (f W/(m2K) and

a gvalue of (B7.Figure8 shows the annual heating demand of each level at the reference cdmalition.
sharen the construction costs (D2@&)the first level was@%, of the second levelf&86 and 73 % of

the thrd level of the construction costs (D2.2).
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Figure8: Annual heating demand of eauidowlevehltthereferenceondition

1 DIN EN 13829, Themal performance of buildidg®etermination of air permeability of buildidg&an
pressurization method (ISO 9972:1996, modified); German version EN 13829:2000
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2.8.4. VENTILATION (PARAMTER 4)

A ventilation unit with heat recovevgisconsidereavith different SFRalues. The first level haSFRof
1,75 Ws/m?3 with a heat recovery efficiency o#80Trhe second level asSFRof 15 Ws/m?3 and a heat
recovery efficiency of 8 The third level has SFPof 125Ws/m3 and a heat recovery efficig of
90%. The annual heating demand varies fromk3¥,devell) to 31KW (level3in Figure9. The sharén
the construction costs (D2.2)tbe first level wasB3%, of the second leveR3%6 and 34% of the third
leve.
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Figured: Annual heating demanckath ventilatiolevel at reference conditions

2.8.5. HEATING (PARAMETER 5)

The heating systefully covers the heat demand for spaedige and domestic hot water, as well as the
heat losses of the distribution systdre.first level (district heating) based distict heatingransfer

unit (efficiencyf 95%), whichis conne@dto a district heating grid (efficiency of85driven by a bio-
mass boiler (efficienof 85%). The second and the third level based on a ground source heat pump of
with power of &AW and aSCOPof 3,5, respective kW and SCOP of 5. The thermal properties of clay
were applietb the boreholegropertes in PHPPandresulting temperaturegre calculatexh a monthly
basisregardingo the heat extraction rate. The fourth level based omains@ir heat pump with a pow-

er of 18 kW and aSCOPof 25. The first level, district heating, hashighest final energy demdad
heatingdue to the lower overall efficiency (resulting efficiency%oj &934,6 kWh, followed by the ex-
haust heat pump (levglof 26,0kWh (FigurelQ). The less efficient ground source heat pump has a final
energy demand of 1&wh (leveR) and 10,6Wh for the more efficient ground source heat pump (lev-
el 3). The share ofhe construction costs (D2.2)tbé first leel was 4 %, of the second leveB44, of

the third level 8 % and 15 % of the fourth levelThe cost of heat distribution (floor heatiwg$exclud-

ed in this percentage.

level 1 level 2 level 3 level 4

P N W b
o O O O

Final energy [kWh]

o

FigurelQ Final energy demandtbé four levels of theeating system (district heating, ground source heat pump and
air heat pump) at reference conditions
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2.8.6. PV (PARAMETER 6)

This parameter consists of a no PV levetao®®V leved with different sizes of modulesa. All of the

modules were located on the roothefbuilding and were horizontal aligned. Levwes no PV included

level2 has a peak power@D34k«kWo/m2cra andlevel3 of 0,062&Wy/m2cra. The costsvere separated

in P\\modules, inverter and wiring. The figure on the right shows the electricity demand and the amount of
PV selfconsumption and R\eedinto the grid. The shaxd the construction costs (D2d&)the second
levelwas4,9 % and 84 % of the third levke

< < 100.000

G =

e ., 80.000

S > 60.000 0O Demand from gric
a'é’ m PV-Feed in Grid
o 48» 40.000 m PV-self coverage
§ © 20.000

wa 0

level 1level 2level 3

Figurell Total dectricity demandf the buildingPV sumlus feem grid and PV setbverage of each R&vel at
reference conditions

2.8.7. SOLAR THERMAL (PARAMETER 7)

The gain from solar thermal collecters considereat three levels, without solar therraablar thermal
system fodomestic hot water supp@vith 0,0334n%./m?cra of flat plate collector and the third level is
solar thermasystem forspace heaiyy and domestic hot water dypwith a specific collector area of
0,0667MM%0/m2cra vacuum tube collectors. The share of the second 34ehdd & % of the third level
of the construction costs (D2.2).

- O Heating
§ 20 mDHW
8%15

SE 10

o=

T2 5

—_

= X,

£ 0

LL

level 1 level 2 level 3

Figurel2 Residuainal energy demar{drinal energy demand reduced by solar themm abtheatting and domestic
hot water demarfdr different solar thermal levelthegreferenceondition

2.8.8. COOLING (PARAMETER 8)

The building has a relatively low designed cooling dehtgad\Wh/(m2a).In the first level ia compres-
sor cooling, where the additional cooling ukit\s with aSCOPof 3)is placednside the building enve-
lope. The other two levels use the boestablthe ground source heat puntpsoperate in freeooling
operation (KW and2kWn for each building). Compareddwgel?2 andlevel3, the invest costs of a com-
pressor cooling unit is higher. The free cooling mode is only available in comlitihddiel2 andlev-
el 3 of the heating varianigafametes), because of the usage of the ground source heatTharghare
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of the construction costs (D2.2) tbé first level waB5 %, of the second leveR % and 1,0 % of the
third level

mmm Qloss,spec mmm Qcool,demand —e—Qload,spec
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Figurel3 Heat losses, cooling demand and internaldttheéseference conditiomnamonthlybasis

2.8.9. USER BEHAVIOUR (PARAMETER 9)

Theactive and passive technology meaatgesvaluatedith differentuser behavioudt shows how the
building and the integrated components perform under different operation condititme€eldnes|of
userbehavioumverelisted inTablel?7. A distinctionwvas madéetweerevell (efficient)level2 (standard)
andlevel3 (not efficient). Aareference standard heat demand atQ@®@oom temperatureeferenckgis

shown in theight figureThe parameter level affects the room temperature, the domestic hot water de-
mand, shading during winter and additional electrical loadg$iaally representdy the energy demand.

The varied parameter lewstyesummaedin Tablel?. The effect on thénal energglemands shown

in Figurel4.
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Figurel4 Annual fnal energy consumptioheach leveif the user behavioandreference conditions
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2.8.10. ENERGY TARIFFS (PARAMETER 10)

The last parameter, energy tariffs are facing the scenarios with different energy pricesdistactricity,
heating cost, RM¥emureration) and the annual increase of the energy prices over the observation period.
As abaselinéor the electricityrice 0,1 8 7 astakewfrom the CRAVEzero LEIol. This energy price

was increased and decreased@@r O O whi ch was t Hemedefihed eariaate The bet
district heating costs were adopledhle9 gives a comparison of theedevels supplemented byeger-
ence case with no increase of the energy costs.

Tabled: Parameter levels of energy tariffs

LEVEL1 LEVEL?2 LEVEL3 REFERENCE
Electricity costs 0187 a/ 02070/ kWl 01670/ k WI 01870 / k W
District heating costs 0050/ kWF 0065 a/ 0035 @/ 007 0O/ k
PV Feedn grid 0,03kwWh 003 G/ k 003 0/ k 003 0/ Kk
Increase in electricity costs 1,0%/a 2,0%/a 0,5%/a 0,0%/a
Increase in district heating costs 1,%%/a 2,0%/a 0,5%/a 0,0%/a
Increase iRVfeedin remuneratior 1,7%la 2,7%la 0,7 %/a 0,0%/a

2.9. Calculation Results

2.9.1. COST CURVES OVER THE LIFE-CYCLE OF BUILDING S

Based on the developed method and the debex@anetersalculations of the energgd cosperfor-
manceof the ase stuglSolallérwere performed. This chapter includes the presentation of the most im-

portant results on:
1 Energy performancerimary energy demand, £4missions

1 Cost efficiencyinvestment costife-cyclecosts
The analysis is performed for each paramdiedimally and in combination.

The net present value of a building or a specific parametric nuoeledsutt ofhecostsin the individual
phases of the builditife-cycle In thiscasethefollowingcosts were considered:
1 Planningosts
Financing osts
Consumption costacl.PV own usandPV feedn
Operating costs
Replacement investment
Residual value

=A =4 =4 4 =4

In total more than 3D00 different variants were calculated. For the reskitguiel5 the energy tariff
was set to a standard vahefe(encevalue) andalso the user behavionas seto standardwhich was
level3. Thisresulted in about@®0 variants. The minimum, avel@age maximum values of all those vari-
ants were plotted belpmdicating the range of the casteach phase of the buildiifg-cycle The de-
cline of the net present vaigecausedyy the residual value of the building components, digiciot
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reach tie end of their lifespaafter the reinvestment. Their residual valtesleductedt the end of the
observation period.

min = = = average max
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+16%

4.500-

4.000 -
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3.000 A
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2.000-

1.500+
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planning costs financing costs consumption costs operating costs replacement net present value
investment

Figurel5 Spedfimoss ( G/ mj ) i n bfhhe caseistfidly Sofal&mdver thewviiedgeleof the build-

ing; range between the different parameters indicated as minimum (min), average and maximumpereentalues
ages represent the deviation from the avirgrgy tarifftandarbuserbénaviour standard / without considiema

of subsidies)

Figurel6 shows the cost curve for two different variants of the parametric calctatitimmearly zero

energ building(nZEB) the variant with the highest net present value was plotteuinparison tehat

the variant with the lowest net present value was selected and illustrated. This variant is called
0OCRAVEzeroo.

The percentages in the figtegresent thepossible cost reductions of the CRAVEzero variant in compari-

son to the nZEB variarin thiscase6 % to 9% reductionsn each phasspossible.
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Figurel@ cost performance 0 / of fhg case study Solallén over the wieleydeof the buildingpomparison of
nZEB variantwith a building according to the CRAVEzero appraadhthe average value fréigurel5 (energy
tariff standarflusetbehaviour standard/ without consideration of subsidies)

2.9.2. COST EFFICIENCY

In this Deliverable the financing costs and the net present value (represdifghoydleeosts over the
whole lifespanjvasdefined as indicators for the cost efficieRigurel7 shows the overall results of the
case study Sotl Here the financing costs of all investigated parametsiowargn relation tothe
balance@ O, emissions.

oBal ancedd i n t hi-consumptoreof theeP¥ systemt wasaconsideted tragsteirefd into
CO2 emissiongandin further consequence also iptinary ener@yy the conversion factors foeetrici-

ty and then subtracted from the calculategled@ssions (respectively primary energy demand). Written as
aformula thebalance€ O, emissions were calculaésdollows

COzemissions balancedé— =

CO emissions—é - selfconsumption of PV—é x conversion factor of electricity—

Figurel7allowghefollowingshortanalysis
1 The financig costs range betwezh000/m2 and 25000/m2. Thisis a range of about 20

1 Thebalance€O. emissions range betweerk@4m3 and 5Xg/(m33. Thisis a range of about
70%.
Furthermorethe analysis shows that similar financing coske cohievelly the variants leftmost in the
diagram and the variants rightmost. With these similar fineosigthe balancedCO. emission can be
reduced by nearly 78
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Figurel?: finandng cost§/({m?)) in relation tathe balancedCO. emissiongkg-oo (M2a) of all variants of the case
study Solah (related tthetreatedloor area of the PHPP / COactorsPHI/ without consideration of subsidies).

Looking at the net present value of all calculated paraime&dadion tathe balancedCO, emission in
Figurel8the results look quitarsiar:
1 Thenet present valuangsbetweer8.5000/m2 and4.0000/mz2. Thisis a range of about %5
1 Thebalance€O: emissions range betweerkd4m? and 5Xg/(m?3a. Thisis a range of about
70%.

The difference here is the fact that the lowebdkencedC O, emissionsthe lower also the net present
valueThisis the proof that under the given boundary conditione@@sion reductions can be achieved
while reducing the net present value dbtiilding over the wholiée-cycleat the same time.
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Figurel8 net present valfen?) relation to the balanced €@nissiongkg-od (m?a) of all variants of the case study
Solakn (related tdreated floor area of the PHPR#ergy tariftandard / user behaviour standar€®. factors
PHI/ without consideration of subsidies / no£&f@dit for electricity fed into the grid).

Not shown at this point is the analysis of the financing costiseandt present valire relation tathe
balancegrimary energy demand.
The results look quite similar, achieving primary energy reduct68é bétween the variant with the

lowest and the highest balanced primary energy démagelof 83kWh/(m2g to 243kWh/(m?23g).
Therefore, no separate presentatias made

2.9.3. COMBINING ENERGY PERFORMANCE AND COST EFFI-
CIENCY

Scatter plots were used to analyse the energy performance in combinatimbeffitiency This was
done forsingletechnologieand technology combinations.

For everysingletechnologythe net present valugas comparetb the balancedCO. emissions and the
balancegrimary energy demand. The results of this amalkysisowin the following figures.

Figurel9shows the influence of the building envelopthe net present value, lhéance €O, emission

and thebalancegbrimary energy demand. The analysis shows that the improvement of the insulation from
levell tolevel3 reduces the G@mission and primary energy demand only slightly, but resdiighar

net present value.

The reason for that is the already improved insulation stantarellofvhereinfurther consequence an
additional improvemedbesat lead to the desired reductions of-@@d primary energy.
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Envelope
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Figurel9 analysis of the influence of the building envelope on the net present \wdleydhe COemissiongleft)

and the balanced primary energy demand (riglated to treated floor area of the PHRRérgy tarifStandard /
user behaviour standard / €@nd PEfactors PHI/ without consideration of subsidies / no.@®PE credit for
electricity fed into the grid).

The analysis of the influence of the windows and,d®oveell as the airtightness of the building envelope

in Figure 20shows in no uncertain manner that the improvement of windows, doors and airtightness
definitelymakes sense. Under the assumed calcydatemetershe improvement leads to reduced:CO
emissions, primary energy demand and net present value.

An exception concerns those variants which are heated by district heating. Herewdtspexgaitd to

the CO2 emissions, there is no potential for savings doeitoproved windows, doors and airtightness

Further investigations of the ventilatiorFigure21 show that the calculated variants are all quite similar

and show no difference in net present value e@@sionsind primary energy demand. That means that
the expected difference between the three levels barsmoiwrby the developed calculation method.
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Figure2Q analysis of the influence of the quafitile windows and doors as vasthf the airtightness of the building

on the net present value, the balancege@@®@sions (left) and the balanced primary energy demand (right) (related to
treated floor area of the PHP&hergy tarifftandard / user baiour standard / COand PE factors PHI/ without
consideration of subsidies / no D PE credit for electricity fed into the grid).
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Figure21: analysis of the influence of themtilatioron the nepresent value, the balanced @Dissions (left) and the

balanced primary energy demand (right) (related to treated floor area of then@rSRdrifftandard / user behav-

iourstandard /CO; and PE factors PHI/ without consideration of subsidies C@por PE credit for electricity fed
into the grid).

Figure22 shows the analysigthe different heating systems. Independent of all other paraneethss th
trict heating system (level 1) achieves the lowesndissions by far. All investigated heat pump systems
achieve similar results for thes@dissions and the net present value.

Looking at the balanced primary energy demand the situation ist.difiere the district heating is not

the one with the lowest primary energy deniasigacthe heat pump systems achieve lower values. The
lowest net present valgeachievelly the air source heat pump (level 4).
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Heating System

Figure22 analysis of the influence of theating systerf the building on the net present value, the balanged CO
emissions (left) and the balanced primary energy demand (right) (related to treated floor area oértieegyHiiP /
standard / user behaviour standard /.@3d PE factors PHI/ without consideration of subsidies / ne @®E
credit for electricity fed into the grid).

Cooling

Figure23 analysis of the influencetioé¢ coolingsystem on the net present value, the balanceeh@&3ions (left) and
the balanced primary energy demand (right) (related to treated floor area of thenkfyRdrifftandard / user
behaviour standard / G@nd PE factors PHI/ without asideration of subsidies / no €@ PE credit for electricity
fed into the grid).

The influence of the solar thermal system on the calculationisesuttenin Figure24. Looking at the
balanced Cgemission on the left sidbe results show that a larger solar thermal system (liefigit@)y
makes sense for all investigated heat pump systemschsgtie CQ emissions and the net present
vdue can be reduced. For the solar thermal systems in combination witlhehisitnggthis statement
cannot be confirmed as the solar thermal sykiesmot reduce the emission but leads to incrddesed
cyclecost.
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