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Figurel: CRA/Ezero approach for cost reductions in the lifecyclZ©Bs.
Cost optimal and nearly zero energy performance

Energy Performance of Buildings Directive, which was recast in 2010 and art8iited 128se will be

significant drivers in the construction sector in the next few years because all new buildings in the EU from
2021 onwards are expected to be nearlyemergy buildings (nZEB). WhitmlizechZEBs have clearly

shown that neareio energy target could be achieved using existing technologies and practices, most experts
agree that a broad scale shift towards nearhersengy buildings requires significant adjustments to
prevailing building market structures. @tsttive integrain of efficient solution sets and renewable

energy systems, in a form that fits with the development, manufacturing and construction industry processes,
as well as with planning, design, and procurement procedures, are the major challenges.

This reportsummades the outcomes of work packag®totypical implementatiérof the CRAVEzero

project. The industry partners ATP Sustain, Bouygues Construction, Kéhler & Meinzer, Skanska, Moretti and
3 have applied the 0CRAYVE zogatspin arderttchoptichiad theigdesgn 6 t o
workflow and to achieve efficient nZEBSs, taking the whole life cycle of the projects into consideration. In
this way, the CRAVEzero approach can demonstrate the results of its application and the repli¢altion potent
for planning and construction of ltfe cycle cos.CC) nZEBs. This deliverable coversrnmaining four

out of the six prototypical implementations in the CRAVEzerotprojec
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EXECUTIVE SUMMARY

The objectiveof work package 7 is to provide the in two versions: a complete version with all
methodological framework for the implementation  functionalities and freedom to customize and
of the CRAVEzero approach. The idea is to collect a reduced online version, which permits to do
all the methodologies and approaches developed a preliminary LCC calculation.

within the project and then to test them,

implementing  those methodologies 10 ca$@e |ndustry Partners, ATP sustain,Kéhler &
studies/ongoing project developments by the projggkinzer Bouygues and Skanakalied a set of tools
partners: ATP sustain, Bouygues, Skanska, Morgith methodologies to four case studies. These
3i and Kohler & Meinzer. _ buildings, differently from those of D7.2te nZEB

This deliverable builds upon the methodologiessasi runner projects that are currently either in the

publshed ~in  the CRAVEzero pi”boardglanning phase aiready under construction.
(http://pinboard.cravezero.eu/) and Deliverable 7.1,

andlike Deliverable 7. devoted to thapplication _

of the CRAVEzero methodolog¥he objective is to 9Case study 8- ATP Sustain .

test and display how the CRAVEzero approach H& building is a compact office buildi@m deep,

been implemented four morecase studigsalled 130m long and 14 high with four floors and an

oprototypical implementatiahsvhich havepplied underground car parkplanned as a timber

and testedome of the developed methodologies. construction. The proposed building services have

been planned to have eitheBalanced mechanical

Thetoolsareavailable othe pinboard ventilation systemfor approx. 586 of the areas,

. . such as meeting rooms, restrooms and other internal

T Business Model Repository and Canvalt:  45mg (Kfws5standarjior a supply and exhaust air
offers the possibility to browse througlysiem for 108 of the areas (passive house
existing business modeds to create NeW gianded), depending on the final building standard
ones. selected. Within the framework of the preliminary

1 Casestudy dashboard 8 Frontrunner design, two building standardthe passive house
buildings: The idea of this interactiveand the KfW55 houseshould be compared by the
dashboard is to allow users of the pinboard pfanning team. The focus was on reducingyife
dig into the datérom frontrunner buildings costs andptimizing thermal comfort.
and @scover insights aeelarcHor_optlrraI To do that LCC comparison of variants
solutions that can also be applied for thej{ethodologyhas been applieth this project no
nZEB developments. comprehensivé CC analysisvas carried out, but

I Process Map:The Process Map is a processnly a differential cost analysis of the relevant sub
tool that enables the project team to integratgeas.
additional tasks and actions for achieving talculation T The architectslanned a building for
nZEB building standard into their ownthe client with the necessary insulation théskite
planning, conruction and executionroutine.t he bui | di W56t amdarn ch & Kfi s

1 Life Cycle Tracker Tool and process also estimated the expected costs for the bullding.
management An excel tool which intestb  this first variant, aupply and exhaust air system for
provide assistance to consider the relevapprox. 506 of the areas (meeting rooms. sanitary
aspects and actions of individual planningoms and other internal roomsas considered.
phases in the realization of nZEBs. Calculation 2 The owner wanted to examine, which

f Life CycleCost Tool: A tool for the lifecycle differences in the calculation will resudtcibmplete
cost calculation was developed and is avail&Rply and exhaugentilatiorsysten{passive house

1 KfW is a germartfficiency House Standafdew Compared to the reference building of BrEV, a
construction and refurbishmgntA KfW Efficiency KfW55 house only requires @bof the primary energy.
House 100 meets the requirements of the Energy Salfiagclient decides to implement this KfW standahikin
Ordinance (EnEV)The EnEV sets out specificationsnew building, he can receive certain promotional regasu
which are used to calculate the transmission heat lossrand KfW. However, KfW bases its calculations on the
the annual primary energy demand ofcakled reference outdated EnEV standard 2009 instead of the more recent
building for ach construction or renovation projectEnEV 2014 (with changes in 2016).



standard)with air humidificationis considered. § Concentration of subsidies on the energetic
Calculation 3: The third building variatdok into improvement of existing buildings

passive house, but with a ventilation system similarpot water and electricity consumption.

to the first calculation.

Results The calculation resulthosv that the

passive house only with a large PV system : . .

without air humidification pays out the addition |a lue : Prop 05 't lonso an d
investment compared to a KiW55 house over the ihee | at |_havrez bd‘?" igentifiedcamtegrated in
cycle.Due to the changed view of a building € ?ew business madel _ _ i
towards a life cycle approach building progtis 1 0 Customer satisfactioné v
no longer measured solely by its investment, but alsof© influence the behavior in the sense of an

by its life cycle performance. As a result, supposedlyconomical use of energy?

more expensive investments can become chefpef Pr o s:u mlgangé from a classical

over the life cycle. Nevertheless, by considering theu N d e r s 't a n d patrgnizestbrs b mé n g a
variants as a whole in this approachesofrthe to a produceof energy.

differences that can be worked out in a componéint Win-win-situation for clients, when the

or building component comparison cannot be customer not only has to pay more, but also
depicted because very rough parameters are used. receives added value that is worthwhile far him

After the LCC variants comparison a@@issions herin an overheated real estate market.

analysis was carried out in order to fuh@and 9§ Increasing acceptance for nZEBs and

the understanding of the implication of the selected technologies if the customer is/dlved in

design choices. energy issues

Variant 3as already determined for the LCC analysjis, Economical onstopsolution with manageable

results being goodcompromise between life cycle  effort for the client and the property

costs and C&emissions. management

the whole contempl ati on
ef

. . . ) 1 Meeting of national requirements and
Luisengarten Ambiented Kohler & Meinzer regulations, ecologicald economic aspects.
aLuisenparneéemroAmonsi sts of two residenti al
complerswith 10 units each,050m?2 net floor area La Distillerie 8 Bouvaues
(NFA), built in 2019,gasfired CHP for heating : Y9 _
owner cormunity as operator of the PWattery 1N€ Project consists oé new mixed usage
storage, KfWs5standard Two buildings are sustalnab_le_ dls_trlctwnhanetfloor area,ODemz._ _
considerecbne unit. Theyhare the underground 1he municipality wanted to redevelop an existing
parking, a CHRlant for energy productiothe contaminated land into an urban land with an

DHW system and a PV system with battery stora%%‘.‘ivalem area of agriculture us_.ing green roofs and a
Main goals of the project are a kighlity building landscaping arrangement. Thejgmtowill include

and a low energy consumption letie, owner seyeral typc_)logies of buildings as folloyv: commercial,
community becons@n operator and beite from offlces, private and social dwellings, hotels,
the profits generated, a new billing model féfndergaen and a farm.

electricity generation by CHP and PRwhich Main goals and the priorities of the design are the
constitutes newBusiness ModeBF.). energy autonomy, no consumption or usage of the
Business model analysis By participatingin ggricultual field privilegingurban_ farming.The_
CRAVEzero projectkohler & Meinzerhad the implemented methodology for this case study is the
opportunity to viewits adivities from a different CRAVEZero process maphe purpose of this

perspective. The intuitive approach for a more or IBEQfOtypical  implementationproject was to
consciously chosen BMas shiftedto a more demonstrate that a structured process can offer

rational and theoretiaaie The main findings which OPPortunities either to builat lower cost for the
helped to develop a BM are: same performance or tohemced performance at
buildi d usi _ bl same costFor this reason, the methodology related
T Focus on building and usingsite renewable ,, optimized nZEB processes will be used during the
eneggy based on a wialkulated building

I d effici buildi ) rgolitical decisions and urban planning phases. In fact,
envelope and efficient building services, ratheLe ies of decisions antians should be taken with
than theoretichl saving on expensive measur

. : - Bre support of the process map at the indicated
for insulatng the buildings beyond nearyf@  ming in order to minimize the cost of the whole
energy building level.



project.Some examples of the investigated actiawhievenent of nZEB target. Furthermore all
are: actionswill be listedin order to be integrated

9 Action 101: Definiton Political and legafMooh 'y i n the companyds pro
framework for nZEBs

Action 107: Funding Schemes for nZEB On - Skanska

1

1 Action 115: Assessment of the Potential fok anskads prototypical i mp |
Decentralized renewable power Generation named On. Itis a watisulated and &ghtbuilding

¢ Action 116: Consideration of Thermal ,With balanced ventilation with heat recovery, ground

Electrical Micragrids on District Level source heat pump, waste water heat excramger
otovoltaic panels. Goals are net 268 Skarka

1 Action 114: Assessment of the energy efficien%% .
and renewable energy potentials ep Gr_een standardow CQ—em|SS|0n§ from
Action 118: P ion ob blebud construction phase, good comfaahd indoor

T cgon i t retparatlor_l ntewaUeLéJCget environmental qualityhe process described in this
and estimate return on investmen report therefore largely follows a regular project

1 Action 113: Definition of Basic envelopgyy ocess as it appwriios in Sl
attributes and Energy Targets This methodologypresents many similaritiestite
I Action 109: Requirements Analysis CRAVEzero approach. Therefore in this

implementation the methodologiepplied and

Regarding the planning phasene ofthe analyzed assessed are thegess map, life cydtacker and
actions are the following: process management to®he CRAVEzero life

. _ L cycle managemenand process rdcker tod
T égrt;?grtzr;g' elzeflnltlon of Allowed Thermalcomplemat the Skanska Deep Green -gredy
9 templates very wedlince these toalsllect detailed

T Act!on 206: Flexibility gnd Adaptab|l|ty. and tailored actions for nZEB planniiige tools
9 Action 202: Improve window to wall ratio developed could be used for many purposes in
1 Action 218: Mechanical ventilation Skanskads penexgnpletheéyus and
1 Action 222: Renewable Energyhotovoltics be used as one of many sources for Skanska green
9 Action 217: Natural ventilation development division to refine and create new tools
1 Action 207: Improve daylight factor and informabn leaflets regarding desigmd
1 Action 205: Efficient space design construction of eneyg efficient Deep Green
9 Action 215: Energy performance calculation ggtisgs' The advantages related. to the

. ) . ) zero methodologyrea that it is very
T Action 209: Plug loads and interal gains  jnformative and dalresses all nZE stakeholders.
' Action 208: Domestic hot water However, due tdhe unique conditions in each
I Action 224: Storage fatidis country, region and municipgalit regarding

_ _ o legislation, rules, processes and authorizatidn® s
The main goal of this appllcatlonlls to reduce c@sbossible to develop a general tool thatksvo
and time due to wrong or late decistomsards the 100% in all regions/countries for all stakeholders.
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1. INTRODUCTION

The objectivef work package 7 is to provide the¢he project activities to build reliable aatlei low
methodological framework for the implementatidifie cycle cost nZEBs.
of the CRAVEzero approach. The idea is to colleDeliverabledD7.2 andD7.3 are devoted to the
methodologies and approaches developed withapplication othe CRAVEzero methodology. The
the project and then to test them implementimdpjective is to test and display how the CRAVEzero
those methodologies to case studies/ongoiagproachhas been implemented in six ongoing
project developments by the project partners ApRinning/construction processes provided by the
sustain, Bouygues, Skanska, Moretti, 3i and Kéhidustry partners, the -salled 0 pr ot ot ypi c a
& Meinzer. In thisvay, the CRAVEzero approach mp| ement ati ons 6.
can be assessed, evaluatihg results of its This deliverable followselstructure established in
application and the replication potential fd»7.2 presenting four more prototypical
planning and construction of low LCC nZEBs. implementatios from the project partners ATP
This deliverable builds upon the methodologiessastainKohler & MeinzerBouygues and Skanska
published in the CRAVEzero pinboardHowever, in this deliverable nZEB concepts or
(http://pinboard.cravezero.ey/ and Deliverable products have been developed like those proposed
D7.1, whichs devoted to the pinboard descriptiorby 3i and Moretti ilDeliverable’.2.D7.3focuses
The CRAVEzero pinboard is a structuredn specific planning presses and nZEB buildings
framework, which collects and organizes all majarrently in the design phase or under construction,
methodologies, resultsdatools developed alongwhere thebovementionedndustryPartnersapply

and test CRAVEzero approach in therkflow.

Tablel: Overview of thappliednethodologiedbols.
Kohler&

ATP Meinzer Bouygues Skanska
, - Multi-family , . .
Typology Office building house Mixed Residential
Net floor area  4,000m? 2,070m? 62000m? 7,000m?2
Methodology 1 Variants comparisor Optimization Process map Proess map
through LCC analys technology se
Methodology 2 CO.analysis NewBM Life cycleprocess
trackerand
managemeriool
Phase of Planning Construction Urban planning Urban planning,
implementation pre-study
Advantages LCC analysis as Awareness on Holistic and a Overviewof
support to decision pursued goals structured approach actions and
making process dependencies
Disadvantages Complexity High degree  Only energy aspects

of abstraction



http://pinboard.cravezero.eu/

1.1. CRAVEZERO TOOLS: THE PINBOARD

A brief overview of themain features of theinboard isrequired to better understand the prototypical

implementations carried out by project partners.

Please wshttps [lwww.cravezero. eu/oboard/PlnboardMaln/PlnboardMaln foinmore information.
(YCRAVEZEro § )

Figure2: Pinboard landing page on CRAVEzero website (cravezero.eu).

Business Model Repository and Canvas
It offers the possibility to browseLife Cycle Tracker and process management

through existing business mode An excel tool was developed,
or to create new oneslhe which is intended to provide
businessnodel repository collects assistance to consider the
60 existing nZEB business model: relevant aspects and actions
where the life cycle phases ai of individual planning phases
indicated. The business model canvasa$ahich in the realizatio of nZEBs.

helps to understand a business model in Tae tool "CRAVEzerdifecycletracker” consists of
straightforward, structured wkiys also possible to four phases from urban planning to operation to
create a buseéss model from scratch thanks to thenovation and more than 50 key actions along the
Business Model Canvas creator. entire process. All measures necessary for a specific
project to achieve the nZEB standard wefsmed
Casestudy dashboardd Frontrunner buildings  and systematically selected with the interegisgrou
Within the dashboard, users camvolved.
add and remove data, change
visualization types, and applyife-cycle cost tool
filtersto the assessed case studig
The idea ofthis interactive
dashboard is to allow users of t
pinboard to dig into the data and discover insig
and look for optimal solutions that can also
appled for their nZEB developments.

A tool for the lifecycle cost

calculation was developed and

it is available in two versions:

a complete version with all

functionalities and freedom to
yeic Cost customiz and a reduced

onlme version, which permits to do a preliminary

LCC calculationThe ISO 15686:20172] groups

The Process Map is a process totile costs: the LCC analysis deals with the activities

that enables thergject team to connected with the design, construction and

integrate additional tasks andperation othe building. Enaf-life cosshave not

actions for achieving the nZEBbeen implemented in the tool yet.

building standard into their own

planning,  construction  and

execution routine. It gives an initial overview of the

complexity and the possibilities of influencing the

planning andconstruction progss in order to

develop an nZEB

Process Map



https://www.cravezero.eu/pboard/PinboardMain/PinboardMain.htm

2. OCASE STUDY 4 06 - ATP SUSTAIN

2.1. GENERAL DESCRIPTION

Brief description / main features
The building is a compact office building Yaitim floors and an underground car pptanned as a timber
constructionThe building is 18 deep, 13t long and 14 high.

Figure3: 3D drawing of the building.

Energy concept

Two targetedenergy standards are object gflanned to be heated and cooled by a groundwater
evaluationKfW55 and Passive House Standartieat pumpFor the KiW55 variantheating and

Two variants duilding seviceshave beeplanned cooling are planned via underflo@ystemsThe
respectively:a Balanced mechanical ventilationooling supply in the case of passive house standard
system- for approx. 586 of the areas, such awill be realized via the ventilation systefyvDvill
meeting roomsestooms and other internal roomsbe supplied decentral via electric instantaneous
(KfW55) or a supply and exhaust air system feater heaters at the respective standpipes.

100% of the areas (passive housed. Qilding is

Table2: General project informatié{TP case study.

General project information

Project name oCase Studyd4 ATP sustain
Location Bavaria, Germany
Planning team -

Architect -

Building owner -

Net floor area 4,000 mz

Construction date 2023

Building typology Office Building

Current status Design phase




2.2. GOALS DEFINITION

Main goals and the priorities of the design
Two building standaed the KAW55andthe passive

house standard- should be compared by the

planning tearat predesign stagé&he focus was on
reducing life cycle coséd optimizing thermal

and cooledexclusivelyvia the ventilation
system. The owner and his employees regard
this pointas very critical, because in the rural
areaof the building location theye usedo

open the window to achieve the room comfort

comfort. The KIW55 house describes an increased in terms of air quality. This udehaviorcan
building qualityniGermany. These increased quality lead to increased energy consumption of the
criteria are supported by the VKf Bank building, which could outweigh the advantages
(Kreditanstalt fur Wiederaufbau) in terms of of a passive house compared t&f&v55
favorableloans and a repayment subsidy. The house. Furthermore, the client has already had
subsidizedtandard is made up of the requirements negative experiences with the indoor air
for primary energy demand and transnmdsgat humidityprovided byentilation systesn

losses. Thesequirements may not exceedb6f
the characteristic value according to
requirements of the national standard (EnEV).

tih@cus on CRAVEzero approach application

1 CRAVEzero applied methodologiesi.CC
comparison of variants (Whole Life Cycle
Costs).
Is this/these methodology(ies) replacing
another one used within your company or
isit a new one’ATP has already implemented

Main constrains for the design
In the planningorocesstwo critical pointhave ¢
been primarily discussed:

1. Investment costs for a passive howeshigher

concerns of the owner shouldarelyzed and integration of tls CRAVEzero method into
dispelled by a variant analysis of the life cycle the = ¢ 0 mp a npjadnsg  process is
costs. This analysis should lead tdoteak investigated

evenpoint of the investmerosts/life cycle 1 Phase of implementation:The investigation

costs. . . T ;
. . : dout atthe b haf pl
2. The buildingenvelopequality of a passive 's carried out at the beginningfe planning

L D hase
house implies that the building can be heated P
Table3. Characteristics of the basic project variants.
Kfw55 Passive house
Orientation EastWest
Design Office buildhg with core zone and a modular grid element of 1.35 m

50 % window area share of all facade surfaces
Wall; U=0.20 W/m2K Wall: U=0.15 W/m2K
Roof: U=0.17 W/m2K Roof: U=0.10 W/m2K

Window area
Quiality thermal

envelope
Floor: U=0.28 W/m2K Floor: U=0.20 W/m2K
Windows: U=1.1 W/m2K Windows: U=0.8 W/m2K
Air tightness 0.8 1/h 0.47 1/h

Heating Groundwater heat pump Heating Groundwater heat pump
DHW: Decentralized instantaneous we DHW: Decentralized instantaneous we
heater heater

Ventilation Balanced mechanical Ventilation Balanced mechanical
ventilation systefior meeting, sanitary  ventilation system

and other internaboms without a

window 60 % of the building area)

Cooling Direct cooling with groundwate Cooling Via ventilation system

HVAC System

Lighting LED lighting8 W/m2 (office and meetin¢ LED lighting 6 W/m2 (office) daylight
dependent regulation
PV No PV 300m? PV

Targeted performancesLow life cycle cost, high thermal comfort (especially indoor air quality, indoor air
humidity)

Seleded business model(s)LCC optimizationCO. (from Energy consumption) optimization

Selected reference casKfW55 building (possible calculation of national standard as ref. case).



Variants- main features Variants of the whole buildingvedeen analydd¢examining.CC, construction
and technology.
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2.3. PROTOTYPICAL IMPLEME NTATION OF ATP PROJE CT
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2.3.1. DOCUMENTATION: LIFE CYCLE COST ANALYSIS
Objective of the study the relevant su@ireas. The following parts /

Within the framework of the project tender, theomponents weiselectedior thisanalysis
client requesteitie analysis of threariants

1 Windows/doors
1. Variant 1Passie HouseStandard f Insulation external wall (since this is a
2. Variant 2KfW55 Standard wooden construction, the entineternavall
3. Variant 3: 8f-defined variant, whicles structure was included in the investigation)
between the KfW55 and the passive houseq  Rqof ingilation
in terms ofenvelope performance 1 Insulation of the base plate

The result®f this analysiwill be used to evaluate T Ventilation

the building operation, taking into@au the user PV _

behavior. The influence of the ventilation system off ~ Operating energy
the building operationeeds tdoe investigateds

well These areas have been evaluited the two
abovementioned building standafé$w55house
General project boundary conditions andpassivéiouse) and compared in a life cycle cost

An office building with a net floor area of approgalculatiort-urthermore, &sed on theesults of the
4000m2 was designed for the client. \Witthie first variantscomparisonmorevariants were then
framework of the basic evaluation, the buildi fined in the course of a client meeting with all
quality of a passive house was defined from Rignners, which were then calculated and presented
building standard of the company. The responsiiiéhe client again.

construction team, on the other hand, is critical of ) ) )

the technology of a ventilation system in theeoffithe caICl_JIatlon of the life cycle costs was an mtegral
building at the rural building site. For this reasorf@PPeras n of the planning
life cycle cost study should be carried out as pargghitecture, costs, building services and building
the planning, in which the building should HEYSICS.

designedas a passive house armmpared tca )

KfW55 housevariant Calculations

For the planning of the buitdj the KfW55 house Calculation I Architects planned a building for the
variant was taken as a basis and then the pasdig@t with the necessary insulation thickness for the

house was calculated as a variant building standard i¥v/55 and in this coext also
estimated the expected costs for the building. The
Methodology increase in thasulationthicknessthe increased

The building envelopeerformanceand the thermal quality of the windows and the
technical equipment are relevant for the life cytgguirements for the building services to meet the
cost calculationarried ouin the planninghase ~Passive house standard were only examined in the
Moving to a level of detail which considers the singildng physics and the building services design.
component, different lifetimes and their life cycld'® changes made for thassivenousestandard
performanceeed to be taken into accaunt were then assessed by the cost deparimierms

In this analysisio total life cycle coshalysisvas of additional costsThis resulted in the following
carried out, but only a differential cosilgsis of additionalinvestmentcosts for the passive house

standard



Tabled. Additional investment costs for a passive house.

Groups of costs DIN 278[4] Additional investment costs for a passive house
Costs per m? Total costs

KG 330- External wall + 50 0/ mj +59250 @

KG 334- Window + 300 0O/ mj +342000 @

KG 354_- Ceilingcoverings + 20 Al mj +23900 0

(insulatiorunderground car park)

KG 360- Roof + 70 0/ mj +83650 0

KG 431- Ventilation system +335300 @

KG 442- PV +60000 @

From the calculatigperformedaccording to DIN V 18593], the following relevant energy demand data
can be obtained

Energy source Energy demand differential for passive house operation
Electricity - 58113 kWh
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] ™
~1 Ll 11 __‘_’_ 850! 5% 1 1
AD nadow 1 11 (AL 5%
A Q 1 00% ) 40
A7 0 0% 40
. \ntamal elaments (e to hosted areas 1,495 140 167300 a0
Strucural eamants 0 " oo 0 4
AL Dther slamants J < ) 00% 0 40

A NG A
a1 Hea 1 - 0.0% 0 0
0 W - 5 00 0 ]
a3 c m - R 0.0% 0 0
83 Y patam - 0.0% 0 0
84 Mechanical ventiason system - 348.000 | 21% 19529 25
83 EladnoHydrausc sysiem - 0 2% 0 0
.
c1 PV panets - 1.5% 0 25
c1 werte - 5 0 o% 0 n
ol | - 1 0.0% 0 v
- - I 0.0 ) ]
c1 - | 0.0% 0 0
- -l 0 0% 0 0
o1 vl T oo 0 0
1 o] Il ).0% 0 0
) < | ) % ) 0

Figureb: Inputs into the LCC tool fahe calculation of life cycle costs for the KfW55 house.

2DIN 276 is a standard used in architectural engineering for determining the project costs the feet$oarzichit
engineers.
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Figure6: Inputs into the LCC tool for the calculation of life cycle costs for the Passive house.

The following results were obtained from the life cycle cost caltada@dron the CRAVEzero LCC tool.

KFW55 (Base Case) Passivehouse

a

LCC
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BUILDING LIFETIME / PERIOD UNDER REVIEW

Figure?. Lifecycle cosbd KfW55 (base case) and passive house comparison.

The calculation of the life cycle costs showed tha windows. For this reason, a further variant
the additional investment folhe passive houseevaluation with air humidification for tpassive
standard in this spific project only pays off aftethouse was discussed.

about 37 years.

Theseresults led to a discussion whether ti@galculation 2 The owner wantedo examine,
examined varianpsesenthe same level of comfortwhich differences in the calculation outcome will
for the building users. The building owner was veegult, if an air humidificatiegstemnin the passive
critical of the fact that the comfort and satisfactitiouse is also considered. In addition, the PV area in
of the userén the passive house varidatreased the investigated variants should also be adjusted to
due to the drier air and the "prohibition" to opeachieve a better comparabilityhe results.



Table5. Characteristics of the 2 variants, passive Varisetwith humidificatiorsystem

Passive house

Kfw 55
Orientation
Design
Window area
Quality therma Wall: U = 0.20 W/m2K

Roof: U =0.17 W/m2K

envelope
Floor: U = 0.28 W/m2K

EastWest
Office building with core zone and an extension grid of 1.35 m
50 % window area share of all facade surfaces

Wall: U = 0.15 W/m2K
Roof: U = 0.10 W/m2K
Floor: U = 0.20 W/m2K

Windows: U = 0.8 W/m2K

0.47 1/h

Heating: Groundwater heat pump

DHW: decentralized instantaneous w
heater

Ventilation: supply and exhaust air system
Cooling: via ventilation system

Windows: U = 1.1 W/m2K

0.8 1/n

Heating: Groundwater heat pump

DHW: decentralized instantaneous wi
heater

Ventilation: supply and exhaust air syst
for meeting rooms, sanitary rooms and o
internal rooms without a window (approx.
% of the building area)

Cooling: direct cooling with groundwater

Air tightness
HVAC System

Lighting LED lighting 8W/mz2 (Office and neeting LED lighting 6W/m2 (Office rooms) Dayligh
rooms) regulation
PV Approx. 150 m2 PV Approx. 150 m2 PV

Humidification - Humidificationsystem

This results in the following changed investment costs and energy consumption for the planned building.

Table6. Additional investment cost and energy consuniptitime passive house variant with humidification system.

Groups of costs DIN 276 Additional investment costs for a passive house

costs per mz2 totabsts
KG 431- humidification +15000 @
Energy source Energy demand differential for passive house operatio

Electricity - 27680 kwh

Following results were obtairfedvariantdased on the parameters of séisond calculation.

KFW55 (Base Case) Passivehouse (with humidivication)

a

LCC
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Figure8. Lifecycle cosd KIW55 andpassie house (with humidification) comparison.

0 2 4 6

If air humidification system is taken into accounttimle Passive House Institutéheating demand <

the life cycle cost calculation of gassivehouse 15kWh/m?a - no longer meets the requirements.
variant,due tothe increased energy demand, mi@ased on these results, it was decided in the client
amortization of the additional investment costs ovareeting to investigate a furthi@rd variant of the

40 years can be achieved. Furthermore, tuglding.

calculated variant of thgassivehouse with air Calculation 3: In this case the building envelope
humidification according to the calculation rules pérformance will libetween the requirements of a



KfW55 aml apassivdiouse A complete ventilation losses through the window ventilation in theffi
systemsuch aghe first KTW55 variant should be space are increased.
avoided. The building owner accepts that the heat

Table7. Charadristics of building varianb8the ATRcase study

Building variant 3
Quality therma Wall: U = 0.18 W/m2K
envelope Roof: U = 0.11 W/m2K
Floor: U = 0.18 W/m2K
Windows: U = 0.8 W/m2K

Air tightness 0.351/h
HVAC System Heating Groundwater heat pump

DHW: decentralized instantaneous water heater
Ventilation supply and exhaust air system for meeting rc
sanitary rooms and other internal rooms without a window (g
50 % of the building area)
Cooling via ventilation system

Lighting LED lighting 6W/m?2 (office and meeting)

PV Approx. 150 m2 PV

Humidification -

These data lead to the following additional investment costs of variant 3 compared to the KfW55 house.

Table8. Additional investment costs for variant 3.

Groups d costs DIN 276 Additional investment costs for variant 3

Costs per m? Total costs
KG 330- External wall 50 0/ mj 59250 0
KG 334- Window 300 G/ mj 342000 @
KG 354- Ceiling cladding (undergrounc 20 0/ mj 23900
car park)
KG 360- Roof 70 O/ mj 836 50 0
KG 431- Ventilation system -0
KG 442- PV 35000 @
The LCC analysis produabée following rests:
KFW55 (Base Case) ==variant 3 Passivehouse (with humidification)
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Figure9. Life cycle codt variants comparison

The third variant showed that the life cycle costs are
closer to the costs of the basic variant. HowevResults

even here there is no amortization of the life cytige calculation results show that the passive house
costs in the 49ear period under consideration. only with a large PV system and without air



humidification pays out the additional investmemis variants. This would involve measuring the
compared to a KFW55 house over the life cycle. ®@nvironmental impact of the building for its
the basis of thededings, it was suggested to theonstructiorand operigon. This study could reveal
owner that, in addition to examining the life cyaleajor differences in environmental impacts
costs, he should also carry out an ecological studyetiveen the KIW55 house and variant 3.

2.3.2. DOCUMENTATION OF CO2 EMISSION AND CO2 CO STS
Due to the different building technology and energyf Potential for abiotic resource extraction
sources in the building variants, differerglseof fossil fuel§ADP fossil fuels)

CO, emissions aproducedn theoperatiormphase

In Germany, databases on the impact on resouftehis chapter, onl@0, emissiongcategonGWP)
consumption and the ecology of products amge assessed in relation to the national targéts (55
energy sources are provided. General parametergfyreduction by 2030).

ecological quality are described in the database

OKOBAUDAT [5] or in productspecific or Table 9: CO, characteristics of electricity (Source:
manufacturespecific  EPDs (Environmental Okobaudat)

Product Declaration)
Within the building services variants described-ig——— kg COzeq,

the previouschapter, electricity the only energy Electricity 0.532

source This data seteportsthe environmental , o
impacts of the electricity mix in the life cycle pha&ermany has also decidedtam CO, emissions
B6 (operational energy use in utiizationphase from 2021.

of a buildingylividedin the following categories: .
TablelQ CO; Pricing Strategy Germany

! Global warming potential (GWP) Year a/ €Q;
1 Depletion potential of the stratospheric2021 2500
ozone layer (ODP) 2026 55.006500
1 Acidification potential (AP) 2030 1800C°
1 Eutrophication potential (EP)
1 Potential for tropospheric ozone formatioBased on these values, @@ emissions and their

(POCP) costspecific effects on the life cycle are evaluated in
1 Abiotic resource extraction potential the following paragraphs.

Elements for notfossil resources (ADP

substances)

CO; Calculation 1

Based on the energy consumption of calculaidgent 1, the followin@O. emissions can be calculated

for the different energy standards. This calculation does not take into account the influence of the increased
use of materials for the higher insulation standard

3www.bundesregierung.de 5 Fassade ZKonferenz Fassadiage Augsburgnéiré
4https://www.bundesregierung.de/breg Hempel
de/themen/klimaschutz/cobepreisund 673008



https://www.bundesregierung.de/breg-de/themen/klimaschutz/co2-bepreisung-1673008
https://www.bundesregierung.de/breg-de/themen/klimaschutz/co2-bepreisung-1673008
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FigurelQ CO, emissions for building operation over 40 years

By reducing the energy consumptiothe passive On the basis of the assumed price increase for the
housestandardCO. emissions can be reduced bgmitted CQfrom the year 2030, additional costs for
63%. If costs due to th&€O, emissions in the the CQ emissions are due after 40 years of building

building operatiorare calculatedn 2030 (seveno per at i on: SWO 560@Nna@ flB0, tOK

years of building operation) @dor passive house for the passiveduselt is important to notice that

and 1.0 for KfW55 additional costs arise due tspecific emissions of electricfytoday(2020)are

the CO, emissions. For the furth&@O, price used. These will most likely decrease during the
increase, a constant price increase as in 203fpésation phasef the buildingand therefore the
assumed for the calculations (annual price increadssion reduction will be even higher.

of appox.290 / QO,).

KFW55 LCC KFW55 CO2 costs
KFWS55 Estimated CO2 costs Passivhaus LCC

a

MI LLI ON

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41
building lifetime / Period under Review

Figure 9: Lifeycle costs of the buitdj variants, including and excluding @§3ts, calculated over 40 years.

Considering the costs 60, emissions, the breakeven point for investment costs is shifted from 37 years
to 31 years.

CO,, Calculation 2
As in variant 1, th€0O, emissions are calated on the basis of the energy consumption of the building

operatiorphase
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Figurell CO, emissions for building operation over 40 years

Due to the higher electricity consumption of theor the life cycle costs of the two compared
passive house with an air hufigdtion, only 38  variants, the following results are obtained under the
(instead of 6306 in variant 1pf CO, emissionsan boundary conditiondefinedin chapter2.3.1and

be saved compared to theNd5 house. the CO; prices described TrablelQ

KFW55 LCC KFW55 CO2 costs KFW55 Estimated CO2 costs
Passivhaus LCC Passivhaus CO2 costs Passivhaus Estimated CO2 costs
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Figurel2 Life cycle costs of the building variants, including and excluding CO2 costs, 40 years.

As in the LCC calculation of \aari 2 without costs f@O. emissions, there is no breaden point in the
40year assessment time fraNeverthelesshe difference of theumuhtedcosts in the year 40 is smaller
than in the LCC withol@O; costs.

CO, Calculation 3
In calculatiovariant 3, a seffefined building standard (envelope and building services,glfroiatithe

building standards W55 andgassivdouse)were evaluated
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Figurel3 CO, emissions for building operation over 40 years

By adapting the building services in variant 3 andrisuts (23% higherCO, emissions) as a regular
resulting reduced electricity consumptiofp X passivéiouse without humidification
CO, emissions can be saved compared to ther the life cycle costs of thlkree compared
passive house variant with air humidification. Thiariants, the following results are obtained under the
reduction of£0O.emissions cannot achieve the sarheundary conditions met previouschapterand

the CO; prices described TablelQ.

KFW55 LCC KFW55 LCC + CO2
KFW55 LCC+CO2 (assumption) Variant 3LCC
Variant 3 LCC+CO2 Variant 3 LCC+CO2 (assumption)
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Figurel4 Life cycle costs of the building variants, including and excludig<s) 40 years.

With building variant 3, a breakeven point including theCO; pricing can achieve a shift of the

investment costs can be reached aftgrliénjears breakeven point bysix years.Varant 3 is a

compared to the KFW 55 house variant. Tlewmpromise between life cycle costs @i

passive house variant with air humidificati@missions. Compared to the passive house variant

remains the most expensive variant over the 40 yeglts air humidificationCO, emissions could be

of consideration. reduced by another ¥ and at the same time the
breakeven point could be reached after 19 years.

Results

Based on the evaluation of (6@, emissions and

the specific costs for tlgO, emissions, it can be
summarized that th@O, emissions are lowest by
operating a classic passive house without air
humidification. Furthermore, the life cycle costs



2.3.3. DISCUSSION

The life cycle costlculatios have been carried ouBauen)and DGNB (Deutsche Gesellschaft fir
during the preliminary planning and deplggse Nachhaltiges Baueggrtification system.
The calculation results serve as a basis for decisions

on thebuildingenergy standard. Goals from the application of the methodology
The aim is to be able to evaluate the added val
Boundaries of application associated witliny additional investmergsulting

The calculation wasrdad out for an observationfor instancérom an optimized building standard or

period of 40 years. For the calculation, the relevamhore expensive but more durable building service

cost groups, which are subject to change duendadhe life cycle. This makes it possible to make

adjustments of the energy standard and the buildiegisions that are not evaluated on the basis of

services equipment, were collected and compairegestment costs.

The energy price for etdcity, which is the only

energy source used in this energy conceptDifficulties and critical points of the

0.20 / k Wh for t his c a | cimplemdntedbfeatures T h e foll owing

percentages have been used to determine theWifeen assessing the life cycle costs in the planning

cycle costs according to the net present vaprecess, a variety of probleamsse The changed

method for the evaluation of payments in the futukgew of a building due to the focus on the life cycle
entails closer cooperation between the different

Tablell Boundary conditiodSTP LCC aalysis. planning participants, since the results influence
_ each other directly. Furthermore, the differences in
Boundary conditions the calculations must be digaointed outluring
Interest rate 1.5% the calculation, and possible standardizatiaue
Inflation rate 2.0% to be madeto avoid comparing not comparable
Inflation energy price 2.0 % aspectsThis point must be considered, for example,
Energy price increase 5.0 % when considering the PV area in calculation 1.

The assessment of the maintenance and repair gagl{gntages of the applied methodolgy

of the components was calculathlogously to Due to the changed view of a buildingwards a

the calculation boundarconditions from the |ife cycle approacha building project is no longer
DGNBS® certification system with 0.85 for measured solely by its investment, but also by its life
maintenance and 0.%0for servicing in relation to Cyc|e performance_ As a result, Supposecﬂy more

the investment costs. For the evaluation of tBgpensive investments can become cheapénever
building services installations, the approach of Vigé cycle.
2067 [6] was applied.

Disadvantages of the applied methodology

If a similar methodology is already integrated By considering the variants as a whole in this
in the standard workflow, which are the main approach, some of the differences that can be
differences between the two methodologies?  worked out in a component or building component
As part of the standard proceduredmpanyATP,  comparisoncannot be depicted because very rough
energy concepts are assessed on the basis of jag#imeers are usedAnalyzingcloserindividual
difference in life cycle costsnlp the relevant componentsan experienced buildewner, who
investment costs or additional investment costs gge already gained experience from other buildings

collected and compared. An overall building analysi$peration, camgive acontributon as close to
is currentlynot carried out. Furthermore, only theeality as possible.

cost difference in year 0 (additional investment
costs) and the coslifferenceat the end of the
period under review (life cycle difference costs) are
evaluatedl'he analysis period is usually 50 years, as
in the BNB (Bewertungssystem Nachhaltiges

SDGNB:https://static.dgnb.de/fileadmin/dgnb 8BNB:https://www.bnb
system/de/gebaeude/neubau/kriterien/03_ECO1.1_Gnachhalgesbauen.de/fileadmin/steckbriefe/verwaltung
ebaeudebezogelestenim-Lebenszyklus.pdf sgebaeude/neubau/v_2015/BNB_BN2015_211.pdf

7 VDI 2067 - 6Costeffectiveness of technical building
systems



How easy is the methodology to be from the building standard for this building.
implemented in the normal workflow? However, it should be noted héhat the passive
This method is already paftthe AT P s u shouseperidrsns worse than variant Jieh was
workflow. For the input of the values and theéefined by the client and the planning team, only
evaluation of the results, expert knowledge biscause of the humidificati®ystemFurthermore,

currently still required. it mustbe taken into account that fessive house
was calculated under thesumptiorof an ideal
Target/s achieved operation. If the users ofpassive housapen the

In the course of the evaluation andggkection of windows despite the ventilation system, the
the variants to be investigated, a result was obtainpdrating advantage may be worse than the
which allows the client to argue that he may deviedkulation results.

Upcoming projects
Tablel2 UpcominghZEB project$ ATP sustain.

Project Location Building use / Client
Typology
1 DRV Karlsruhe GER, Office Deutsche Rentenversicherung
Karlsruhe
2 Bauamt Weilheim GER, Office Staatliches Hochbauamt Weilheim
Weilheim
3 Ceratizit GER, Office & Production Ceratizit Logistik GmbH
Kempten Building
4 Kathlisches GER, Housing Katholische Siedlungswerk Miinchen
Siedlungswerk Minchen GmbH
5 Magdas GroBkiiche AT, Wien Industrial kitchen Caritas Wien
6 AspernTZ2 AT, Wien Office WWEFF Business Sercice Center Gmb
7 DOC Zagreb HRV, Zagreb Outlet Center Designer Outlet Croatia d.0.0 (UJEA
Centntres)

ATP Sustain is also pursuing the approach of developing strategies for existing buildings to be clim:
neutral by 2050 within the framework of DGNB GIB certification. In accordance with the DGNB

certification standards, this goal can onlghiewed by continuously improving existing buildings.

Tablel3 Upcomingprojecton existing buildingsATP sustain.

Project Location Buildinguse/  Client
Typology

1 Landshuter GER, Munich  Office LaSalle Investment Management

Allee 810 Kapitalverwaltungsgesellschaft mbH
2 CampusD GER, Munich  Office LaSalle Investment Management Kapitalanlagegesell

mbH

3 Denkraum GER, Munich  Office LaSalle GmbH

Minchen
4 Dutchman GER, Office LaSalle GmbH

Office Hamburg
5 Solo West GER, Office LaSalle Investment Management

Frankfurt am Kapitalverwal tungsgesel!/l

Main LaSalle REGI 0
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3.1. GENERAL DESCRIPTION

Brief description / main features
OLui sengarten whAmésidentimlt e obuildengs areonsidered ame unit. They share the

buildingswith 10apartmentgach, 260m2 NFA, underground parking, a CHiRnt for energy
their construction starteth 2019,gasfired CHP production and the DHW systendaa PV system
heating owner community as operator of the PV  with battery storage. The plants theegfemain of

and CHP, battery storagfd\W55 standardJnlike a manageable size. The roofs are not completely
in the Luisengarten Parkcarré (whitcase study covered with PV panels, becawsartingfrom a
Hauptstr. 131nvesigated indeliverabld®?2.2), the certain system size, the administrative requirements
buildings of Luisengarten Ambientre not for the owner community become tweeousand

connected to a central CHP plant. Here always two confusing.

Figurel5 Rendering Luisengarten Ambiente project.

Energy concept
CHPsystenund PV for high selfonsumption rate of heat and electritigrmalbridgesoptimization, KfW55
standard.



Tablel4 General project informatiof Luisengarten Ambiente

General project information

Project name ErnaHo6tzelWeg land 3 (Luisengarten)
Location Germany, 76344 Eggenste@opoldshafen
Planning team Kohler & Meinzer GmbH Co KG

Archited Alex Stern

Building owner Real estate developer, later owner community
Net floor area 2,070m?2 (2 x 1035m?)

Construction date Started in 4/2019

Building typology Multi-family home with hipped roof, standardized
building concept with customized nZ&Bhnology sets

Current status Construction phase

3.2. GOALS DEFINITION

Main goals and the priorities of the design Main constrains for the design

High-quality building and low energy consumptioBpning plan, compliance with the parameters
owner community become an operator and beneigecified in the energy calculation, otherwise there
from the profits generated, a new bilimagel for are no restrictions regarding the technology,
electricity generation by CHP and PV building elements or the equipment

Main characteristics of the building

Tablel5 Building envelope/structuteiisengarten Ambiente

Kfw 55
U-Value Wall 0.20 W/m2K
U-Value Roof 0.15 W/m2K
U-Value Floor 0.20 W/mzK
U-Value Window 0.9 W/m2K (g=0.5)
Air tightress Optimized, considering thermal bridg
Shading All windows with shutters

Tablelé HVAC systems and RESisengarten Ambiente

Heating CHP-plant local net, gas condensing boiler for
peak load cover

DHW CHP-plant local net,ag condensing boiler for
peak load cover

Ventilation Natural

Cooling -

RES PV with battery storage

Targeted performancesKfW55 standard or better for higher government repayrgentration lpnt
owned bythe community of owners easy billing

Seleded business model(s) community of owners becomes the plant operator, new billing model for
selfgenerated PV and CHP plant electricity, tenant electricity model.

Selected reference casklauptstr. 131.

Variants - main features New technology set withclel CHP and PV (with storage). Innovative billing
system for the owners.
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3.3. PROTOTYPICAL IMPLEME  NTATION OF K&M PROJE CT
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3.3.1. DOCUMENTATION: BUSIN ESS MODEL ANALYSIS

General conditions for nZEB business models in real estate prices. In tigla to the total price the

Both the national and the EU regulations on tiZEB building technologies gpeofitablefrom a
sustainable contribon of the residential andLCC perspective (sales or purchase value, depending
construction industry to climate neutrality amn the stakeholder perspective). In some cases, as in
becoming stricter. The discussion about ttiee caseof photovoltaics, some technologies are
consumption of fossil fuels and £@missions experiencing price erosithat makes them even
through media coverage and research contributiom®e interesting and usable in a large scale.
to climate change has reached publiccaess (at Manufacturers, installers, operators as well as
least from the German perception). This currguianners, real estate developers are equally benefiting
situation allows different stakeholders in the RZEBBom these efforts to develop creative business
market to create or expand their interests amaddels and technologies, to maketready for the
business models. market and also to promote them accordingly.

Not only onesided profit maximization arises, but

also winwinsituations canexcreated, which in turnK&M approach to a new BM

promote the nZERhoughts and implementationsAs a regional operating housing company in
This effect is reinforced by the fact that nZEBermanyKoéhler & Meinzeis always dependent on
technologies are in many cases not the main préaeting to the market situation. By participating in
drivers in the price spiral due to the increasing level



the CRAVEzero projedt&M had the opportunity external specialist consultants took place, in which
to view our activities from a different perspective technology sets and business models were presented
The intuitive approach for a more or less consciowstyl rated. This also included LCC analyses focusing
chosen BMwas shifted to a more rational andn the profitability ofachtechnology. The support
theoretical oneln K&M contribution to the from Fraunhofer ISE as a scientific partner was also
CRAVEzero project among others o#ey helpful.

Resources and Key Activitiesre been recognizedAn extremely big issue in the impletagon of

The advantage of mapping and controlling the entieaewable energjdisat are to be fed into a public
process of project realization of buildimgschare grid, is the billing with the regional energy supplier
alreadyin compliance witmZEB criteria was and the tax authorities. For this reason, the focus in
identified as a strengtiihis includes all plaing all meetings was also on a viable manageability for a
and execution stages, beginning with the planréoghmunity of apartment owneos, like in our

and district development, over the architectucalses, for the property management contracted with
building planning, the control of the used house All these considerations resulted in premises as
technical energy concep#)d theconstruction the basis for developing further project steps and
management of the objects up to their marketingkey factors for a business model.

SineK&M now also act as property manager for t

owner commurigs of more than 400 apartment:

the companyound in this administrative activity

broad and comprehensive database of operating

maintenance costs of the objects that have been |

in thelast decades. Eigenstrommoded

At the keginningfrom the year 2008 our mullti

family dwellings during the CRAVEzero proje _

have beeranalyzed (deliverableD6.1, chapter 4 | Bewonner2.3.4. Shatoveitai-Streen
contains a detailed analysis of these case sindie

an extensive questionnaire, a large nurmober — =
building parametehsive beerecordedDepending == =

on the ascending year of construction, the buildil | Housstrom  Bewohoert
reflect the state of the national energy sav

regulations (e.g. with regard to the thickness of g{B _
insulation material, thermal bridges optimizati _®— w
and the technical solution sets used). This mac il
possible for us to evaluate the impact of tl
individual variables with regard to the actual heatgure17. Tenant eledcity model

energy requirement, not only per building but also

up to the individual apartments located therein dnindings and Consequences for the BM

to draw conclusions for the orientation of our owhhe analysis carried out in the study brought a

O Graphic: Energiekonzept Ortenau GmbH

business model. wealth of findings. In addition thosementioned
above, one of the key findings of our investigation
Process steps is the fact that the user behavior of the building

During the preparation of the deliverdb&1on occupant has a significantly greater influence on its
parametric modelinc hapt er 4 0o L dealing ensrgylcansumpiien ghan the quality of the
K&M had the opportunity to prove almost eveipermal envelope or the efficiency of the building
possible combination oheating and DHW services. This findingontradicts the theoretical
generating technologies available on the markedels and the legislative intentions behind the
The companipad an intensive discussion phase efergy saving concept. Neverthelégsyl has to

the technology sets used so far and the experiefégs$ with thee circumstances in evatgy business
made with these sets. The real data for heaging alsdasto find sensible strategasdconcepts
energy consumption in the individual lingjg, the that take these facts into account. It was and remains
maintenance costs and our experience in the dailgonstant adaptation effort to accommodate
practice of the respective technology sets we@atrdictory issues in a project or a business model.
compared. In addition (with our Key Partnerdpur derived premises and concepts are briefly
several rounds of experts and appointments wittmmarized below.



Findings and Key Activities/Resources for theadaptation of the Business Model

1 Focus on renewable -site energy
production: The main ilencing factor for
the energy consumption of a building is the
user The user can operate a standard EnEV

house as a passive house or a passive houkgtite wholeanalysis e v e r a |
a poor EnEV standard. From a certain poilf,r oposi ti onso

Therefore, focusshould be more on
efficiency potential in terms of hot water and
electricity consumption.

0Key Activ
and ef fect s

the theoretically achievable saving potenflak | a t i wereislantifigd " hesewill be taken
has no relain to the energy used, which e.gnto account andonveyednto a new project:

is required for the manufadhg; transport

and recycling of the insulation. Theretee,
focusshouldbeon building and using ite
renewable energy based on ainglilated
building envelope and efficient buiddin §
services, rather than theoretically saving on
expensive measuredaildingbeyond nearly
zeroenergy building level.

1 Concentration of subsidies on the energetic
improvement  of  existing  buildings: |
Due to the high minimum standard of the
German EnEV ah the user behavior
described above, the actual difference in
heating energy consumption betweeny
buildings meeting a good therrs&ndard
and passive house envelopes is very low.
Therefore, focushouldbe on an effective g
costbenefit ratio of subsidiesdh promote
energy improvements in the building stock.

1 Consideration of ecological effedts:is
importantan overall ecological and economic

0Customer satisfactiono
possible to influence the behavior in the sense

of an economical use of energy?
OProsumer 6, changde froi
understanding ofzed bei ng
consumerso6 to a producer
get a higher awareness in the thematic group

of energy using, nZEB buildings and
technologies.

Winwin-situation for clients, when the
customer not only has to pay more, dis

receives added value that is worthwhile for

him in an overheated real estate market.

Increasing acceptance for nZE@Idings

and technologies if the customer is involved

in energy issues

Economical onstop solution  with
manageable effort for thdieot and the

property management

Meeting of national requirements and
regulations, ecological and economic aspects.

analysis of all components amglemented |n current project "Luisengarteadnsequences for
technologies (taking life cycle analysis k&M company with the aim to build a sustainable
building elements into amunt) to avoid low-energy building, where econongcplogical

measures with

impacts.

negative

environmentghd social aspects are balarttae been drawtt
was helpful to compare most of tladove
mentioned

information for the Luisengarten

I Focus on hot water and electricity: Nearly allnbiente project, which is currently being carried
energysaving regulations and laws apply tat, to decide which business model and technical
the space heating of buildings. Currentsolution set should be used. The adaptation
standard welhsulated houses consumémplementd in the current project adescribed

more energy for domest water
electricity than for heating the homes.

Act ual
As i ndi

project adLui
cated above

sengarten
a L u iwe eesidgrdial huiddimgs With#dfhrenantsach,

and below

Ambi ent eo

consi

2,060m2 NFA, built from 2019 gasfired CHP, gas boiler, owner community as operator of the PV and

CHP, battery storage, Kfwstndard



Total consumption of electric 6065000 kWh/a

power
Electrical power PV 35000 kWh/a
“% Electrical power CHP 30000 kWha
St " . Batery storage 27 kWh
/"’/ - N+ AN
S : {mbient v
¢ N9\ For = d

Figukéla Detailed rendering of Luisengarten Ambiente project.

Instead of theoretically saviadditionalheating consequence of the unacceptably lmégth price in

energy by further increasing the insulatitime contracting model analyzed.

thicknesses with the economic (and also ecological)

consequences described in the skK&iy, wansto  Results

invest in the production of renewable energy baJéw implementation of the described process

on the insulation standard according to KfW55. Thearted in October 2017 with data compilation and
buildings will receive a PV system with a capacitgwdluation as well as meetings and expert hearings.

30 kWp. To achieve the highest possible sdlhe shell construction phase has started in
consumption, the system is supplemented byseptembeR019, so that the installation phase will
battery storage with a capacity of 2ih.kW begin shortly. The new business model has not yet

In this study,no significant heating energy savindseen actively promoted or highlighted as a special
through the inbduction of decentralizedfeature. It is not currently necessary to use the
ventilation units with heat recovemgre detected c o mmon di sharn rbailtd ©.n  As me n
In the described project, this technigwas above, the cosftsr heating or heat generation are
discarde@nd the saverbstshave beeimvestedn so low and the energy costs overall so moderate that

the construction of a gpswered CHP plant consumers in the overheated real estate market are
buffered by a gdssed peaload twiler. The CHP happy to get an apartment at all. However, this
takes over the base load of the heat supply of pleespective may change quickly if the energy costs
residential complex and also generates additig¢especially foredtricity) will rise again as previously
electrical energy. Just like the PV power, this sharidounced&M hopesthatthepreferredsolution

be consumed on site as much as possible. The biiitigorovide the best and added value for customers

of this tenant electricity modekhich is very ( 0 Val ue Propositiondé). The
complicated by law, is carried out by an exterimaproved involvement of the customer and
service provider ( s e epoteidl salingsdab@xhe energyrnggneraBon and n e s s
mo d eBMNO. 55) consumption on site by the owner could easily be

PV system, CHP and electricity storage are in ithitegrated into our normal workflow. The expected
ownership of the condominium community. Theuccess (ORevenue Streamd)
owners become energy prodascend are less model will turn out in a medium to letegm
susceptible to price increases by energy supplpspective and will certainlypeied on the general

The proceeds from the sale of the electricity to twéce development in the energy sector or the
users are credited to the maintenance account ofticecased public awareness of sustainable energy
condominium community. This construction is th@oduction. A factor that should not be



underestimated are the qualitativéanefits (see meetings and with external consultants lead us in an
DeliverableD6.4), which as a {pyoduct have a almost optimal solution for the current situation.

positive impact in many areas. These are not toSirece other projects are already being considered
repeated here in detail, but they not only promatiso wih the input from FraunhofeBE, K&Mwill,

the perception of the company but also, imith certainty, develop new perspectives from it
particular, the acceptance of the CRAVEzemog ai n . Our busi ness mo d e |
concept and nZEB technology sets. | earnedd6 are in this way a
The results are nevertheless méhg positive. Our process.

study and the interaction of communication in

3.3.2. DISCUSSION

Phase of implementation
The investigated BM is currently in thAdvantages of the applied methodology
implementatiorphase. The technical solution séthe Osterwalder Canvas is a tool with a bro#l bas
(CHP with PV and gas condensing boiler for tiier identifying the topics and key factors on which
peak load) will be installed soon. Siadle you want to focus. Although in some casess
apartments have already been sold and the conaepused with a very high degree of abstraction, the
was notactively promotedhe effects can only bedisplayhelps to become awarkthese topics and
assessed in a subsequentuatran. to achieve the desired goals via a jointly define
catalogue of measures.
Boundaries of application
As K&M is "master of the process" there are onBisadvantages of the applied methodology
few restrictions. Creativity is required to find ttiee e above Oboundaries of ar
best possible strategy based on the results found.
How easy is the methodology to be
If a similar methodology is already integrated in implemented in the normal workflow?
the standard wokflow, which are the main Since the constant improvement of the BM is part
differences between the two methodologies?  of the company strategy, ttse wf the method was
The BM that has beadopteds o f ar h a snotonewn énr tgred 6f contents. The type of
over the past years and decades. The adjustmeritddomation acquisition and processing and the
the needs of the market were carried oabstract framework had to be taken into account.
continuously, but were not the subjeataniplex
considerations. For this reason, it was a né&arget/s achieved
approach for us to consider the approach of tlair study and thimteraction in meetings and with
theoretical model of the Osterwalder Cantlas external consultants leasl to an almost optimal
results of the CRAVEzero project and the resultssaflution for the current situation. The chosen
our data analysis in order to draw the appropriggehnical solutions set in combination with the
corclusions for our BM. external support for the planning and billing
promise a whwin situation for customers and us.
Goals from the application of the methodology
1 Improvement of the BM, adaptation of ketdow satisfied are you with the results lotained

factors and technology sets. The results are extremely posiiveumber of ce
f Improve customer acceptance of sustainabenefitsaareexpeatd which are usually not likely to
energy systems. be measured quantitatively but, as already
1 Customer participation in the yields of energjentioned, represent a qualitative improvement in
generated osite. customers' perception of nZEB technologies,
1 Enabling seléonsumption of electricity geneation of renewable energies, personal energy
generated on site. consumption andast butnot least, our BM itself.

Difficulties and critical points of the
implemented features
See above oOoOboundaries of applicationo.

9 Business Model Canvas is a strategic management and
lean startup template for developing new or documenting
existing business models.



Lessons learnt The advanced model remains in our workflow. It
BM and our o0l essons | wilhcertainlybe alaped tafutusemevegloprheats and n  a
ongoing process. continuously expanded also from the point of view
that the technology sets, the national regulations or
Which part of the CRAVEzero methodology the BM offered by external partnemyrchange or
will be further implemented within the appear and thereby open up new perspectives.
company?

Upcoming projects
Tablel7. Upcoming nZEB projectKohler & Menzer.

Project Location Building use / Typology Client
1 Luisengarten, ErAdotzetStr. 13 Eggenstein Multi-storey apartment Real estate owner
building community
2 Luisengarten, ErrdotzetStr. 57 Eggenstein Multi-storey apartment Real estate owner
building community
3 Luisengarten, ErAddtzelStr. 913  Eggenstein  Multi-storey apartment Real est& owner
building community
4 Luisengarten, ErAdotzelStr. 812  Eggenstein  Multi-storey apartment Real estate owner
building community
5 Weissachrin Bretten District with apartment Real estate owner
building community, property
(63 apaments) owner
6 Multiplesinglefamily houses, semi Rastatt, Singlefamily houses Owner
detached house Eggenstein.

7 Luisenstral3e 2 Eggenstein Apartment building Property owner




4. LADISTILLERIE 0 BOUYGUES

4.1. GENERAL DESCRIPTION

Brief description / main features The project agriculture using green roofs and a landscaping
consists of a new mixed usage sustainable distiri@ingerent. The project will include several
with a net floor area of 890m2. The municipality typologies of buildings as followwmmercial,
wantedo redevelop an existing contamindded offices, private and social dwellings, hotels,
into an urban land with an equivalent area lahdergaen and a farm.

Energy concept Resilience by an energy autonomy.

Tablel8 General mject informatiorLa Distillerie

General project information

Project name
Location
Planning team
Architect

Building owner
Net floor area
Construction date

Building typology

Current status

La Distillerie

Vill eneuRraaced d As c q

Linkcity

Sempervirens / Atlante Architecte

(confidential)

62000m?2

2022

Mixed: commercial, offices, individual housing, collecti
housing, hotels, parking and farm.

Master plan already defined. Starting of preliminary de




4.2. GOALS DEFINITION

Main goals andthe priorities of the design Focus on CRAVEzero approach application
1 Energy autonomy. 1 CRAVEzero applied metholdgies:nZEB
1 No consumption or usage of the agricultural  processes
field. 1 Is this methodologyeplacing another one
1 Urban farming. used within your company or is a new one?
New methodolog
Main constrains for the design 1 In which phase withis/these methodology
1 Pollution. be implemented? Urban Planning

1 Architectural integration of RES.

Main characteristics of the building
Planning not avable yet

Figurel9 Urban planning of La Distillerie.

Targeted performances 1 30: Energy suppli®V-Systems, storage and
Energy autonomy E=0 electrical cloud service

1 31. Wastewater heat recovery system
Selected business model(s) EHTECH

1 4: Urban planninBouygues Construction 32: Vendor of solar hybrid modules

1 9: Daylight optimization 35: Riblic financing support fonZEB

1 15: Monitoring buildings, renovation and renewable energies
1 16: PV contractg: Helios 1 48: Digital biler- Stimergy

= =4



1 50: Collective setbnsumption Sunchain  Optimization of buildig structure and envelope to

T 55: Renewable energy systédhP-Plants respect the new energy regulation.

(Combined heat and power plant)

Variants of single elements/technologies

Selected reference case 1 Heating sourceeantralized or decentralized,

The new French thermal/energy regulation heat pump or biogas.

RE20200°. 1 Electricity production: ydrogen or PV
panels.

Variants- main features 1 Water management.
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Figure20 Graphical representation of the prototypical implementatiometeosint featured8Bouygues

10 The RE 202 is the french theral regulatiomvhich
will be applicabl® all new constructiorisom the end
of 2020



4.3. PROTOTYPICAL IMPLEME  NTATION OF BOUYGUES
PROJECT

Tools

Urban

Political decision .
planning

Phase

Planning Construction Operation Maintenance  Renovation

4.3.1. DOCUMENTATION : PREDESIGN AND PROCESS ANALYSIS

Objective of the study General project characteristics

Thedlient is a private investor and the owner of tiide project consisof a new migddistrict with a

land. Heis notaware ohZEB concept and role in net floor aea of 62D00m2. The main constraints set

the upcoming regulations of Member Statess by the municipality is to redevelop an existing

sensitie to energy performance in a very broad wapntamnated land (waste storage area) into an

and therefar not fully able to definkPI for the urban land withraequivalent area of agriculture

energy part. using green rosfand a landscaping amgament.

The purpose of the project was to demonstrate thar this reason, the methodologglated to

a structured process can offer opportunities eitlogtimizednZEB processswill be usedluring the

to build at lower cost for the same perforoeaor political decisionsitban planningand planning

to enhance performance at same cost. phasesin fact, aseries of decisions and actions

The project consists of redeveloping an agricultuglabuld be takenith the support ahe process map

field into a sustainable distritivill include seeral  with the righttiming in order to minimize the cost

typologies of buildings such asnmercial, offices, of the whole project.

private and social dwellings, hotels, kinderga

and a farm.An optimized selection of newApplied methodology

technologies and renewable energy sowitdee | n t he regi onalle pdanhi hige 6

integrated as wellhe energy goal is to achieve defined the development scheme (schéma directeur)

resilient energy autonomy. Within the framewforkfor energy performance goals, based on the new

the project deoedaogysite frr eno hZEB e rRgE2 0r2e0gdu | wahtiicohn cal

was selcted to optimize the cost and time of thinse nZEBin terms of performance and planning

actions sequence applicati ofAsc@Vi Imuasked u pa | d t
for an energy autonomous district without
specifying the exact level.
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Eurgean, national and regisnal spatial planning guidelines (Europaan $patial Developmant Parspective|ES0F)
e Mational Spatial Development Perspective, e.g. Regional Developmen Cancept]

investigatian of
existing -
infrastructure

regicnal
strategy

Regienal Planning

Acl

L]

. high-lewel

demand planning targets

rmunicipal demand - lacal
planning strategy

congider local
users' needs

-

sub-ragional
master planning

lacal development
cancepl

land develagment
plan

legally binding
urban design / land
use plan

additional
cantractual
agreaments with
third parties

go to Tollowing
planning phase

lacal design and
< technolagy guidelings,
incentives

Figure2l Political decision and urban planning process map.

As onecan see in the above screen§iguire21,

land avner/user, municipality and planners will be
the main players during the urban planning phasq. A e

batch of actions was selected to optimize theh e

1 The renewable production shouttver the
regulated consumptidApprox. 50%).
specification

107
funding schemes for NZEB

101
definition of political and legal
framewark for NZEB

i06
devalopment and implermeantation af
slrategies for awareness raising

102
regional efficiency improvement
targets supporting NZEB

103
=&t long term regional targets for
spatial planning

105
strategy towards effivient use of land

104
urban masterglanning 2llawing highly
campact buildings

108
definition of integrative design team

115
assessment of the polential for decen-
bralized renewable power genaralion

i1i8
comnection request for PV 7 drilling
permil for geatherrnal

117
cansideration of seasonal storage an
district level

116
cansideration of thermal / electrical
microgrids on district lavel

preparation of Budgel for renewables
and estimale réturs on investment /
LCC

114
assessment of the energy efficiency and
renawable energy potentials

110
work with urben microclimate

definition of hasic envelope abtribubes
and energy targets

112
aptimize building orientation and zoning

pptimized solar access in urban layaut

0%
requirements analysis

of

t

hi

S

goal

i s

to

reach t

he

process d_uring '_[he regional pla_nning, urban de;‘r@ﬁlxirementsﬁome invergations will be made to
and the final brief before passing to the plannigghance thespecificatios to a higher value by
installing shared RES.

phase.

Action 101:

Definition political

and

framework fonZEBs:

the Action 101. As per each country, somgaste.

legal Action 107: Fundingchemes fonZEB buildings

After the first analysis of existing subsidies
In our case, a new energy/carbon emissigBdicated to renewable energy sources, action will
regulation should be applied starting 2021. So, Hésunderken to check specifically the possibility to
action is represented iR&VEzeroconcept under finance a biogas installation based on agricultural

Region and municipality can finance

guidelnes and norms should be respected afdsibility studies on new technical solutions

followed to develop a new project. The nemyailable on

regulation define thZEB KPlIs as follow:

should be less than 12 kyj{im2*a).

 The total energy consumption of regulatéd!l 0 w0

landSince hydrogen storage is

considered as a protpgytechnology, some specific
1 The heating consumpti¢primary energy pe)funds need to be identified to validate the
implementationThe specification of this action is

t o

and nonrregulated usage should be less than

100 kWhd(m?*a).

omedi

umo

dependi ng



Action 105:Srategy towards efficient use of land Action 116: Consideration dhermal / dectrical
The mai n c | magtain tbessang graelmicro-gridstoadistrictlevel
cultivated area as the currentstatus. Therefore, To finalize the local development concept, thermal
the integration of green roof will be mandatory withicro-grids should be considered as an alternative
some agricultural areas to achieve the preset godution if urban heating is not available in this area.
Some agiphotovoltaic concept will be integrate®n the oher hand, the option to integrate an
on the ground to prodeccentralized renewableslectrical micrgrid on a district level will require
energy without affecting green areas (sfbiur t her negotiation with t}
artificialization). Buildings will be constructed @ince it is quite complicated to manage within the
some dead areas due to waste storage in ordexctoal French regulatiofitie specifications of this
optimize the use of landihe specificatiorof this actioni s o0l ow t o medi umdé si nce
action is 0hi gomofgrden mof tothetmhl/eleciricaltmécigridsis not sure
and rainwater management. It is foreseen to use the
collected/stored rainwater for irrigation purposesAction 114: Assessment of the energy efficiency
In accordance witthe regional strategy, a deeand renewable energy potentials
investigation will be done to search for a possibilititer defining the local development concept
to connect to an existing areurban heating (Actiors 1.15, 119 and 116), the [anner will check
network in order to minimize costs and determitiee potential of different renewable energy supply
the percentage of renewable provided by thoistions as per the site constraints. The objective is
network. With the abowenentioned actions, ato define the percentage of onsite/offsite RES
regionplanning act coultkelaborated and detailedgenerationfFor onsite generation, the planner will
as per project goals. propose a repartition between caited and

decentralized energy production on district and
Action 115: Assessmendf the potential for building level. Thisubdivisiorshould respect the
decentralized renewable pogssreration main goals of the prograihe specification of this
On this project, a specific study will detail tec t i o n i s Ohi gh& ofthemc e mo |
potential, benefit and cost of several renewablsnand will be generatadsite
energy production such as urban heating,
photovoltaic panels, biomass, geothermal and wiudion 118: Preparation of budget for renewables
turbine Regarding the heating distribution solutioand estimate return on investment/ LCC
it is planned to invite the energy service companwfter getting results @ttions 115, 119,1.16 and
participate to the assessment of the chse 1.14, an estimated budget will be calculated to select
speci fications of t hi ghe dest batwh of iawilaldeh iergpwable solutoese o0 u
is to achieve an energy autonomy. based on the lowetiine of return on investment.

The specification of this
Action 119: @nnection request for PV / drilling will choose the most valuable scenarios based on a
permit for geothermal detailed whole life cycle coatculation
Moving to the urban design phase, the local stratAgiion 113: Definition obasic envelope attributes
and the sub regional master planning will allow dreenergytargets
planner to create a local development plan arftemain influences on investment cost are building
concept. For this reason, the owner willpagic envelopes and energy targets. Ttugsescannot
bodies for the feasibility/permit of PV connectiobe treated until a local development concept and a
and geothermal drillingehotovoltaic connection: main plan are elaborated clearly. So, the planner will
The project will request some technical aogtimize the energy performancettsd envelope
administrative steps to check for the cost amithrespectto renewable energy sources in order to
feasibility of a PV connection to the grid suppliattain the requireand most valuable energy level
(Eneds). This step wilbe done for both cases,The speci fication of this
centralized or decentralized photovoltaic plantise new energy regulation is quite demanding on
Geothermal drilling or pumping: As a first step fenergy performance.
the permit, the user should validate the feasibility
with the help of the local French institution BRGMction 111: Optimizesolaraccessn urbanlayout
whichis the responsible public body for geothermBthe master plan takes into account the solar access
activities in France. This process will clarify ttee each building due to the sufficient distance
potential of the energy recovery. The specificatibmetween buildings and their low heighhe
of t his action i s 0 h spedificatiorsof thiscaetim@ rheod iowrnd t @aii rcc ea n
geothermal renewable sources will be required intéken into consideration for large bodsiand not
project. for the small orse




Action 109: Requiremenssalysis This analysis will be the result of all decisions and
Arriving to this final stage of the urban planningeports stated in the already mentioned aclibas.

action 109 will consider the local stakeholderneegslp e ci f i cat i on of t his act.i
and the demand planning. Therefore, this documerpectations and requirements atear and

will clarify all theengineeringrequirements by documented for the client.

showing quantifiable and relevant specifications.

PLANNING PHASE

® PROCESS | bottenecks ® ACTIONS

go to previous go to action items for  go to action items for  go to action items for  9° tz:,,c:;ﬂu;ﬂs for
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214
accession of thermal mass

215
energy performance calculation

226
apply for funding

211
effident use of materials

210
construction details - heat bridges

209
consider plugloads and internal gains

208
use of domestic hot water

213
energy recovery systems

224
storage facilities

225
energy flexibility - demand response

212
air tightness

Action 216: Definition ofllowedthermal comfort After applying these actions, we will be allowed to
ranges identify the project strategy, goals and start a basic
To start the concept design phase, the demand fevaluation of the concept with the help of architects
planning should take into consideration tlend specialistS.hr ough t he f ol |l owi ng
definition of the required thermal comfort rangesire able to select the most optimized variant, start to
order to follow nEB procedures. This subject iglevelop in detail the design and negotiate with the
rarely discussed with clients,ibwill be used from referred authorities.
now on to optimize the thermal design and facilitate
the labeling.The specification of this actionAction 202: Improve window to wall ratio
(medium or high) will depend on the typology of tide main goal of window to wall ratio optirtiira
building: residential, offices. is to maximize the natural sunlight and reduce the
energy consumption. Due to the new French
Action 206: Flexibility anddaptability thermal regulations, maximizing renewable energy
In addtion to action 216, flexibility of buildings tawill be the main criteria to respect in order to build
make quick modifications and adapt the nexew construction. The ratio will definitely differ
configurations requiredThis flexibility is taken in with respect to the location (South or North),
a vertical perspective instead of horizontal. Tlisection (which facade) and shading efledtsis
action is related to market pricHse specification project, the specification will be medium with a ratio
oft his action wild/l be oblvi¥wdamdnéanm uav d rovajuetegaal p awi tnide
flexibility and adaptability. to 1.1W/mz2K.




Action 218: Mechanical ventilation Action 205: Efficient space design

The mechanical ventilation is required by the Freridtis nZEB district consists of offices, commercial
regulation. But the indoor air quality will depend stores, markets and residential buildings. So, an

the occupation, typdo act i vi t y a nefficientispaee mdsignswill Immaxdtipeusable and

The specification of tliing areas byt defiming theiusage ob aeaaa@eat i u m
residential houses since the ventilatiaersywill window location and orientatidrhe specifications
guarantee a GQevel of 80@pm (ppm: partsper of t hi s acti on are oO0omedi umgd
millionf)and o0hi ghd i n;levd df i vwokisg places meara winddvs to optimize the

600ppm daylight usage.

Action 222: Renewabgmergyd photovoltaics Action 219: Therm#& Activated Building

As per the new Fren@mvironmentalegulation, a Elements

percentage of renewable energy is |muk &, after Due to the high envelop performance and the small
doing a market benchmark, photovoltaic panels semperature difference between floor and room,

the best source oih-siterenewablenergydue to floor heatingt will be an efficient solutiohe

their cost/efficiency ratio. Thenergetiefficiency speci fi cati ons wi | | be oIl ov
of using photovoltaic panels with a heat pump to

produce hot water is higher than gsiolar thermal Action 220: Heat punp

panels. Leasing option is quite known in Frariaistrict heating is at available, a geothermal/
through investors and can motivate the client aerothermal heat pump will be the best option for

install renewable energy with a low capital®mst.space heating and domestic hot water production. It
the specification of twhibe alimented hy rphotevoltaic pdnels with a g h 6
2530 years of warranty and-1B) years for coefficient of performance equal to Bhe

inverters. specifications of this actionvdlle o hi ghd6 si nc
have an efficient envelop. The heating demand will
Action 217: Natural ventilation be less than 30Vh/m2gea and the flow

In residential apartments, this action will be partiaélynperature equal to 35°C.

used dueo local regulations to extract air through

mechanical systems all over the year. So, nafwtbn 215: Energy performance calculation
freshair systems will be used througtkle vents Thermal dynamic simulations will be necessary in
installed on window blocks. In offices, ththis project in order toalculate the overall energy
ventilation system will be totally motorized usiegnsumption and try to compensate it withotire
mechanical fanSo, the specifications of this actioriterenewable energy production in order to achieve
will be dowd for offices andomediund for an nZEB performance. The specification of this

residential buildings with respect to the pegenta ct i on wi | | be o0higho.

of natural ventilation. Once this action is confir
mowe to the Oauthorizationo

Action 207: Improve daylight factor Action 226: Apply for funding

Action 202 and D7 are strongly related andhere are a lot of fundirgchemesnd grants in
indicate a medium specification with a dayligfance to encourage renewable energy, green roofs

factor of 3% in all rooms. and eco/socidriendly construction. So, searching
for funds in this early stagellwhelp us to
Action 204: Optimize insulation benchmark and apply for most of thefhe

Action 202, 204 and D7 will éfine the envelops peci fi cati on of Ondethe act i C
performance of the building. To achieve aBB1Z concept and authorization planning are finalized,
and limit heat losses, an efficient wall, roof and fleoe 6 | | be able to move to t
insulations are requirethe specifications of thisdesign.
action will be oqualitativé to reduce the
combustible mass of facades duedaréigulations Action 211: Efficient use of matals
andohighly quantitativewith a super high envelopCarbon footprint is an important criteria during the
efficiency. detailed design phase due to the new French
regulation RE2020. The specification of this action
wi || be Oomediumé since red:!

11 Although not properly part of this category, underfloor
heating was included in TABS.



will be less than 2@ compared to baselineto minimize the primary energy consumpfidmre

building speci fications wi || be 0 m
consumption between 500 and 700 kWh/person.

Action 210: Constructiodetailsd heatbridges

Heat bridges will be taken into consideration befdetion 224: Storage facilities

thermal dynamic simulatiofifhiermal bridges will Nowadays electrical storage is quite complicated and

be reduced between roof/fagcade cornemsxpensivén France as per capital and operational

floor/ceiling level, window/structural openings andostsThermal storage will be more efficient to store

groundfloor/facade cornerd’he specification will the excess of the photovoltaic electricity into tanks

bemeddi umé since t he s tusind hieatwimps. Thib storeth thesneadeneogy willa

known standardized standard. aliment the apartments during peak hours. It could
be astorage on a district or a building leVee
Action 209: Plug loads and internal gains specifications of this acti

The percentage of occupancy and internal gainshvellusing 8.kWh/m2cea of thermal storageo
affect the residential and office lmgptlemand. The electrical storagdanned.

yearly activity profile of the building will be taken

into consideration during thermal simulations Action 225: Energylexibilityd demandesponse
order to optimize the energy productidine Energy management systenvery essential on a

speci fications wil/| b distdcmleveli sinca we scannoptienizel thd enargyt v a
will be used for internal loads. consumption, distribution and storage with respect
Action 2.08: Domestic hot water to the energy production in order to achievieBhZ

This action will be achieved before the therngdals.

dynamic simulationWe canodt s t r Dhis Gekilility isvery impartamt to balance between
optimize this system dghendfferent ttypaogieslofr eailding. The f i ne d
French regulation with a value of/day/person. speci fi cation of this actioc
Using a heat pump as a prdgtucsource will help

4.3.2. DISCUSSION

Phase of implementation emissions) is already included in Bouygues

The test of this methodology implementation is oqdyocesses. All other stakehdddeill be consulted

for political and urban planning phases the &fter the preliminary results of the above actions.

planning phaserhe project is currently starting a

first round of decision and studies. The client wAstion 102: Regional efficiency improvement

very interested in the batch of questions and gentnajets supportintZ EB:

analysis of his project. Thiact that the Currently, the municipalit)
methodology is well documented and cleatlyi | | e di d not intnZBBAduce an
followed givess a very professional image from owther than the future rench eneyy regulation

company to managthose energy targets andRE2020.

decisions. Even if some KRire not defined yet by

the client, he knows that this should be clarifiedAdion 104: Urbammaster plannindlowing highly

soon as possible. compact buildings

He was very intested to apply later on the nZEBDue to the currennaster plan and massing design

process tool to optimize the next steps like planniadapted for suburban areas, a compactness ratio

construction and even operation phases. cannot reachnefficient value. Another constraint
due to urbarfarming and green roofs, limits the
Boundaries of application height of the building and therefore their

We decided to disregard some actions listed ondbmpactness.
process chart. The reasons to unselect those actions
are stated as follsw Action 108: Definition ointegrativelesigneam

The current stage of design does not require an
Action 106: Development andhplementation of integrated design team since some major choices
strategies faawareness raising have not beemaken. So, the constitution of this
Since Bouygues is playing the role of developeam will be postpodeuntil the availability fo
planner andonstructiorcompany, communication results.
for environmental awareness (energy and CO




Action 117: Consideration gkasonatorage on Goals from the application of the methodology
districtlevei The main goals of this application is to reduce cost
Seasonal storage on district level could dm@d time due to wrong or late decisions in order to
considered at a later stage if the district heatifpieverZEB target. On the other hd, it will list
network is not available and the feasibility studyatifto do actions in order to be integrated smoothly

thermal micregrid is validated. i n t he company?os processe
implement this methodology during the whole
Action 110: Work withurbanmicroclimate process life of the project.

The project is located in a suburban area, and

therefore heat island effect is not a major issueDifficulties and critical points of the

addition, the main goatfl this project is to increaseimplemented features

green areas that will enhance the microclim@atee maindifficulty was the language and some

conditions. technical expressions since some local stakeholders
do not understand English. The fact that the tool

Action 112: Optimizebuilding orientation and was online and not downloadable is an issue for

Zoning projecttracking anghanges followap. The person
The architect did not adopt this action. in charge of magang this nEB processes is also

requiring some hyperlink to documentation of the
Action 221: Renewablenergy 8 solar thermal decision and reports of each action.
systems A missing part of energy connection and
Solar thermasystems are not selected due to the@lationship between mobility and buildings could
high investment and maintenance costs. The udagadded for further improvement.
will be only to produce hot water.

Advantages 6 the applied methodology

Acti(_)n 223: Coolinq stra}tegy_i ' 1 Applicable in Europe, well defined and detailed.
It will not be applied in this project due to it§ |t gives a holistic approach in a structured
location in theorth of France. manner.

It helps the client to take the right decisions
the right time. The documentation for each
action is well understood and ta long to
read.

Action 201: Qptimize building _envelope
(compactness andsulation):

The compactness of building envelap not
considereds a criteriom this project. The client
prefers to stick to the architectural concept with
optimizing thesouth facade area with respedhto
building volume.

OIfﬂsadvantages of the applied methodology

It should be related to other construction subjects
(circular economy, eco desigrand not only

. . energy. Generally speaking, energy is only a part of
ACt'OP 214; Accession of thermal mMass. a.cogmyplete deve)I/opFr)nent zgnd congs){ructiorxémgj
'tés not adopted in t kher a?pésﬂilkeecﬁizten involvement, mobility,
biodiversity, digitalization and resilience are also
interacting with energy topics.

If a similar methodology is already integrated in
the standard workflow, which are the main
differences between the two methodologies?

Currently the workflowoes not integrate a specifi%11

energy strategy methodology. The only existpg ot pusiness as usual and needs édriags

guidance are based on the application of the Fregehianation to a

: i pply the methodology properly.
thermalFrenchregulation (RE2020). The client cjiant and local authorities are to be induced in this
experienced this new methodology in a V%'Vocess and trained.
participative way. Even local auities were he methodology is quite similar to some

interested in this approach as they knew all iigironmental certification schaniike LEED,
questions and the studies to be sorted out but RAEEAM HQE, DGNB.

the proper timing to answer to them. The impact
and order of magnitude mentioned in th?
information data sheet of each action w
considered agery helpful to prioritize decisions an
actions to be undertaken.

easy is the methodology to be
lemented in the normal workflow?

arget/s achieved
e target of going through all the question was
chieved and a list was retained of selectesl item
customized for this specific project. This list clearly



defines the strategy to be followed to match thstructured and clear process. The client stikteeed

be educated on the applied process and it takes more
time thanthe common approach. This ned¢d be

How satisfied are you with the results obtained taken into account in resources for accompanying
The client is now convintef the benefit of this theclient.
approach and wants to apply it on the coming
phases of his projeathich arghe detaddurban Which part of the CRAVEzero methodology
planning phasand also planning/design of thewill be

constraits of this development.

further
construction. Thanks to th®bust sequence of company?

implemented within

the

processes there is no actieft aside and each ofAs the phases of the projeatreat anearlystage,

them is well detailed and explained by examplls,rest of the CRAVEzetoo o | s

advantages and inconvehien

Lessons learnt

development in order to proceed

Upcoming projects

coul dnot

For the coming phases of this project, all
methodologie will be applied through different
phases since Bouygues is involved in the whole
Several actions were taken into account at a kryelopment and construction process as a global
early stage compared to the mxjsbushess player on th&hole life cycle of a building.

in a very

Tablel9 Upcoming nZEB projectBouygues

Projed Location Building use/ Size Client
Typology
1 Les Tanneries Dijon Residential, Hotel, Elderly 26,000 m? ofasidential Private and
House private and social public
6,000 m2 hotel
2 Les Fabriques Marseille Residential, offices, 250,000 m2 of mimsed Private and
commercial, hotel, pubfiealm, buildings public
apparthotel
3 Lachocolaterie ¢ lle de Housing, convention and 160000 m2 of mixused Private and
Noisiel France  business center, museum of buildings public
chocolate.
4 O6Mat hur llede Housing and offices 85,000 m2wellings Private
France 100,000 m? office building

5 Quartier Flaubert Rouen

Housing, kindergarten, elderh
housing and offices

16500mz office buildings Private

300 dvellings




5. ON & SKANSKA

5.1. GENERAL DESCRIPTION

Brief descrption / main features: Skanska ventilation with heat recovegypund source heat
aspires to go beyonde g u | ecmmpliamae ansl to pump, waste/ater heat exchangerdphotovoltaic

push toward futurproof Deep Green NetZEB panels

buildingsd buildings intended to accommodate

future environmental demands and condititims. Energy concept NetZEB standardThe stategy
proposed pr oj eis ta,7000ma niccuses on¥pagssiye, active, and renewable design
residential building. It is planned to bevedt solutions, which results in sustainable robust
insulated and aitight structure with balanced buildings with minimal environmental impact.

Table20 General project informationf Skanskafds case study

General project infaration

Project name On

Location Umed, Sweden

Planning team Nya Hem Riks, Skanska Residential Development N
Architect Winroth architects

Building owner Housing cooperative

Net floor area 7,000 m

Construction date 2021
Building typology Residetial, housing cooperative owned
Current status Prestudy, preliminary design




5.2. GOALS DEFINITION

Main goals and the priorities of the design

phase, good comfodnd indoor environmental
quality, fronrrunner/demonstration

Main constrains for the design
No district heating system availablesitan and

narrow property makes it hard to design buildings

with low heat losshapdactor.

Focus on CRAVEzero approach application
NetZEB, low CQ-emissions from construction § CRAVEzercapplied methodologigwocess

b

> Cykelrum med solceller ----- -

Figure24 On predesigrstageplan.

map life cycle process managementdadl
workshop regarding dmenefits

Is this/these methodology(ies) replacing
another one used within your company or is
a new one?

As energy management engineer in Skanska
whom manage energy design in pirgiri
design phasethis is useful new tools.

Phase of implementatioplanning phase,
preliminary design

........




Main characteristics of the building
Table21: Buiding envelope/structure

Component Performance Notes

Wall U<0.13 W/m2K CLT frame focused on lowering heat bridg

Roof U < 0.09 W/m2K Garage below ground with minimum
temperature 5 degrees wintertime.

Floor

Window U 0.70.8 W/m2K (g =0.55) Window &es and bright floors are optimiz
regarding daylight factor, orientation, solar
gains and heat losses.

Air tightness 0.20.3 I/s nt external area

Shading Passive external shading and balconies st
larger windows facing south.

Structural ements CLT frame for low C@emissions

Facade Double shell facade in form of fully gla:

balconies

Figure25 On predesign 3D rendering.

Table22 On HVAC systemand RES

Heating
DHW

Ventilation

Heat
recovery

Cooling
RES

Ground source inviar heat pump with a low supply temperature heating system. Contro
which optimizes COP according to @B needs from boreholes and storage tanks
Ground source heat pump with hot water storage tanks. Energy efficient taps and showel
be installed instead of bathtubs.

Balared ventilation with low SFP:-1.8 kW/m3/s air. Using the return air of the flats to h
garage and also store heat in garageds
of highreturn air ventilation flows in kitchen. Air supply in floors blowing on convector |
units with low supply temperature.

Ventilation HRVunit with flat plate heat exchanger with temperature efficieneg®PB83Vaste
water heat exchger preheating cold water for DHW production and recovering >15 % of e
from DHW.

GeoHRV-solution used in summer by cooling supply air with geothermal boreholes.
Photovoltaic panels covering all roof parts facing east, south andmesif e south facin
facades will also be covered with MWimizing shading of PkYy designing roof with hood
chimneys and roof hatches placed @hrside of the roof area. Rl both be integrated into tf
facade materials and also used as¢astar shading above windows.




Targeted performances

NetZEB and Skanska Deep Green. The projectSslected reference case

also aiming for Sk ans karesBlenttad projedtsin med, wherd buiding i o n

0Cl i mate Neutral Bui | dgeéerforgnance are compliant with laws, regulations,
codes ad standards in Sweden and Umea.

Selected business model(s)

Business model of On0 CONSTRUCTI ON &

PROJEQ DEVELOPMENT COMPANYpda.
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Figure26. Graphical representatioitioe prototypical implementation most relevant feadBkanska.



5.3. PROTOTYPICALI MPLEMENTATION  OF SKANSKA
PROJECT

Tools

Urban
planning

Phase

Political decision Planning Construction Operation Maintenance  Renovation

5.3.1. DOCUMENTATION : PREDESIG N AND PROCESSES ANAL  YSIS

Skanskads green vi si omefersstdt mwheh eanstrucdiom dorocesses! and/or
Skanska's near zero energy building commitmeumtding and infrastructure performance are beyond

relates to the loAgrm environmental performanceeompliance, but do not have a r&EAD

of buildings deliver ednvonmedthlanpatk ads constructi on
development projects. In keeping with the

Skansk&are for Life valBkanska promotes greetskanska Color Palette

solutions and seeks to conduct operationsingrdehr ough Skanskads Journey t
ways. Another part of the strategy is significardlyes far beyond comgoiice. Every Skanska project
reducing Skanska0s c abebdita fromnhe elor Palette. Sirw® 2009 then t b
2030, in line with the Paris internationamhate Skanska Color Palette has defined Skanska's vision
agreement. Skanska uses Green Key IndicatorsftGreen and Deep Green projects according to
measure green performance. These cover tHoeg priority areas: energy, carbon, materials and
areas: increasing the level of green businesger. The Skanska Color Paletts the strategic
management support and training employees gvaen direction for projects and is used to define

green subjects; and supporting teams to deligeals and develop action plans, drivingrogis

projects with ipproved green profiles. As defined improvement

the Skanska Color Patdgttavn inFigure27, Green

Vanilla Green Deep Green

Compliance Boyond Compliassce Future Proof

Energy Net ze:

Primary En

Carbon

Materials

Water

Figure27. Skansk&olorPalette.

The Color Palette rates the performance of projep&sformance. This includes the total energy balance
acioss resource efficiency: energy, carbon, matef@alsthe building, i.e. heating, DHW, cooling,
and water. On the Color Palette regarding eneoggrational electitg and generated renewable
performance, the Vanilla zone is the starting poiemergy onsite and offsite.

where energy performance is compliant with laws,

regulations, codes and standards. In the Green zén&eep Green project is a way of workiag
projectsare beyond compliance, but do not haveareethodology, rather than a certification model. The
netzero energy performance. In the Deep Greprocess described in this report therefore largely
zone, they have a wmdro primary energyfollows a regular project process as it appears in


https://group.skanska.com/sustainability/green/green-vision-strategy-and-goals/skanska-color-palette/
https://group.skanska.com/49e050/globalassets/sustainability/green/green-vision-strategy-and-goals/skanska-color-palette/skanska-green-color-palette.png































