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FOREWORD

This eportsummarisets he r esul t s o f6.40/00 & Beneftsaot NZEBFvghichisVig R
the Horizon2020 CRAVEzero project

Costoptimal and nearly zeemergy performance  Owner as energy producer
levels are principles initiated by the European ¢ addedvalue for a nZEB property
Union.(E.U) Direct.ive othe Energy Pgrformance  Integration of RES
of Buildings, which was revised in 2010 and . .
- . 1 CO.emission savings
amended in 201@uropean parliament and the | q it
council of the EU, 2010 hese will be a major T ncreasg energy §ecur| y _ _
driver in the construction sector in the coming 1 Aestheticand architectural integration
years, as all new buildings in the EU are expected T Increasedalueof land/context
to be nedy zeroenergy buildings (nZEB) from 1 Increased reputation and good publicity
2021. The goal of nearly zeemergycan be 1 Press clipping increase
achieved with exisg technologies and practices ! Reduced vacancy due td=tZ
Most experts agree that a broad shift towards q Faster rental dhebuilding
negrly zero energy buildi.ng.s will require significant 1 Higher rental income
adjustments to the existing stues of the . . .
L 1 Increased financing by lower interest rate
building market. . .
, e . 1 Increased financing from bdo&n
In order to achieve these gospecifiancentives _ s _
are pu into the focus of the building owners. l Prefabr!cat.ed bUIldllﬁgquaTlltycon.trf)l
These include first and foremsiginificanenergy 1 Prefabricatio® cost and time efficiency and
savings ana@nincreasén the value of the building. control
However specificadditional incentives,-salled 1 Prefabricated buildirigon-site work
co-benefits, are often forgotten. These refate 1 Prefabricated buildirfgfagade integration
often primarilyto the occupantsand employees
who are in the buildings every day. Employees spend at least 40 hours a week in the
Especially for nZEBoffice buildings it is office, a total of 2080 hours per ygaitema,
important to understanthat the following ce Fowell, Macko, & Neilson, 201%iven the
benefitsalsohave important roles: immense amount of time people spend at work,
the desire for a workplace that promotes
1 Health benefits productivity and health seems understandable.
1 Increased productivity
1 Lower staffairnover To shav the relevance of these-benefits, the
. following Figurel shows how the individual-co

 Reduced sick leaves . .

Emplovment creation benefits are structured in terms of relevance for
1 ploy ’ business cases and difficulty of qualditati
1 Market potential
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CHAPTER 1
Added VVal ues of nZEBs



1 ADDED VALUES

1.1 Literature review

The establishment of nZEBs foesen potential measures to mitigate climate change by redueing non
renewable energy consumption and thyse@@sions. This is necessary because sogdllas economic
barriers are constantly appeafftpnomidou et al., 2011)

In most casethe focus is on thfact that nZEBs reduce energy consumption and the costs of implementing
energysavilg measure@-erreira et al., 2016Jowever, there are other relevant advantages that often
recede into the background. Thesenaialyconcerned ith indoor comfort, improved air quality and the
associated reduced sick leavekhHmmefits and increased productivity. In addition, lower burdens due to
energy price fluctuations are expected, which in turn will have a postiversefiperation adh
maintenance cogBerreira and Almeida, 201B)ese benefits improve building quality users' well

being and offer economic benefits in addition to reducing energy bills.

These advantages can be very complex. This is due in particular to the fact that research is still in the early
stages of such considerations. For these reasoofteit difficultd find statistically foundeobust values

that allow individual eoerefits to beguantified However, there are studies thatatdmasserve as a basis

for suchquantificationdRecent papers thagal with employee turnover and lewyge satisfactidivliller

et al., 2009)productivity(Hedge, Miller and Dorsey, 2QXdhatcher and Milner, 2012)d employee
absenteeisr{Singh et al., 201@)ready provide estations of how toniplement a soundo-benefit
evaluation.

Studies show that employeesiéarly zero energy buildinggceive a positive effect of their working
environment and productivity (Thatcher, 2q8#gh, 2010). In one case, 80D office building, an
increase in productivity of @@ was reporte equivalent to &m 2a.

A study has noted a decline in absenteeismeiarly zero enerbwildings (Thatcher, 2014).

An American study showed that aroun@%% of 534 companies reported higher employee morale, easier
recruitment of staff and more efige customer meegs (Miller, 2009). In addition, %3reported lower
employee turnover.

In addition to welbeing and productivity, higher revenues from rent or sales may be expeaedl.Bleyl
2017reviewed previous studies and concluded thar higsht incomenicht range roughly between 5 %

and 20 %. Furthermore, higher market valuations may range from below 10 % to up to 30 %.

It should be noted, in relation to green buildings, productivity and wellbeing, that a recent study pointed
out, that soial factors mayalwe a more significant impact, in monetary terms, than environmental factors
(Hugh, 2016).

The value of positive news artielbout a specific building or a specific project could also be comparable
to advertising costs in the speciiarse, in which #harticle is published (Berggren, 2017).

In order to obtain a targeted overview of the users' understanchrzeoefits a survey was launched as

part of the EU Horizon 2020 project CONZER9172019). The focus was placed on indoor air quality,
comfat, building location and low energy c@&wrl et al., 2019)

Depending on t#h perspective of the stakeholders, the interests, target criteriabemgfitsocan vary
significantly Figure 1 shows the criteria and-benefits according to the interests of the different
stakeholders. In order to achiewe heating costs, for example, the tenant is not only interested in low
rental costs but also in low operating costs and therefooel &nergy standard. As a general rule, the
building contractor aims to keep his construction costs low. For propedtibg thee=owner, both cost
components are essential, the initial investment and the operating costs. For public owners and users, th
total lifecycle costs and also the effects such as@i@sions are of interest.
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Figure2: Sakeholder related benefits andbenefits of nZEBs

In order to assess the direct monetary value of a building, there arexbgagfits for the individual
stakeholders, which often cannot be assessed directly in monetary terms and therefgpeatamtia

life cycle cost analysis. These concern marketability, rentability, value development, comfort, but also image,
climae protection or regional goals such as energy autonomy. As far as possible, these advantages and
additional benefits should taken into account by the various stakeholders in the relevantihatisign

process. These additional criteria can ofterapweith the main criteria. An example is the use of an air

source heat pump in a very n@ieasitive environment. The-gdurce heat pump may perform relatively

well in terms of energy and costs, including life cycle costs, but can cause problems due to increased noise
pollution on the property and adjacent |d&rat this reason, it is crucial to quantify the added value of
nZEBsin monetary terms by communicating and presenting business opportunities in such a way that
potential investors understand and weigh up the pros and cons of an investment (Bleyl, 2016).

One way tdighlightthe importance of different-d@nefitdsto structurehem as presentediablel.

Tablel: Overview of different ebenefits (with focus on monetary and environmental values) based on
results of SKANSKAKoppinen & Morrin, 2019)

Benefit Ene(gyre/ated Re§qurce Bus/ness_ ' Hea/thy indoor Improved financial
savings efficiency opportunities environment terms
Features| Energy efficient No waste to Promise of green More and better daylight Lower rate on bank

technology landfil (100% performace to get  Improved ventilabn loars for nZEBs
(Building envelope, recycliny land for building Lowernoiselevel Possibility to receive
installations) Design to cost purposes or Thermal comfort external funding
On-site RE (and design to cheaper price for Better terms for
generation fit)-methods that  the land insurances
Energy staige save material, Earning credibility

(building related, fuel, transports andlongtermtrust

e.gusing electricity etc. from officials at
when thdariff is for e_xgmplg

low or using the municipalities or

9 customers
structure to store Opening door to
heat) co-operations with
common goals
Direct Lower operational  Lower costs Higher profit Higher word productivity Lower economical
value costs during Reduced employee risks

Lower CQ production turnover

emissions Lower CQ Reduced sieleave

Energy security emissions Lower rental vacancies
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Benefit Energy-related Resource Business Healthy indoor Improved financial

savings efficiency opportunities environment terms
Indirect Increased Saving natural New business Increased property value
value property value resources opportunities and
Possibility to get a co-operations
bigger loan for the
investment

Positive publicity
and mage, market
differentiation
Lower risk for
future price
increases

There are more and more studiesghatvs the frequency of the various thematic anssimstudies,

which are particularly relevant for the differeftecwfits. It can be seen that espigaiethe last few years

the inerest in individual deenefits has increased significaBtypeciallyndoor Air Quality, Thermal
Comfort and Lightig & Daylight have been frequently discussed in studies published in recent years
(Kunkel & Kontonasio2015; (Pracki & Blaszczak, 201@ttema, Fowell, Mack&,Neilson, 2019)

Number
of Studies

400
350
300
250
200
150
100
50
0

‘85 ‘86 ‘87 ‘88 ‘89 ‘90 ‘91 92 93 ‘94 ‘95 ‘96 ‘97 ‘98 ‘99 ‘00 ‘01 ‘02 ‘03 ‘04 ‘05 ‘06 07 ‘08 ‘09 10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18

Year

D Indoor Air Quality . Thermal Comfort D Lighting & Daylighting D Noise & Acoustics D Views & Biophilia

. Ergonomics Location & Access to Amenities

Figure3: Cumulative studies of key design elements affecting ocbapedtsifAttema, Fowell, Macko, &
Neilson, 2019)
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2 CO-BENENFITS OF CRAVEZERO CASE STUDIES

In the course of this report, numerousbeoefis and their mean of quantification as&amined in detail.
A detaileddescriptiorand quantification methodologf/the co-benefitsanalyzed in this refgaran be
found inchaptes.

v

2.1  Introduction

This chapter deatspeciallyith theco-benefits, which are often associated with nZEBs. Thbseefits

can haveurrently underestimatpdsitive effects ailne payback timef nZEB investmentandimproved
occupant satisfaction

In two CRAVEzero case studies, varioubeamefits sth as increased productivity, improved health,
advertising valumg.are examined in order to show the effects of individdnegits on paybackne

in particular. The results of these studies are presented in the following chapter.

2.2  Metho dology
Usingthe calculation bases(Berggren, Wall, & Togerd, 2Q¥Efjectof variousco-benefitson the life
cycle costs of nZE®ere quantifiedrhe following formulae explain theqadure of these calculations.

The value ofeduced energy consumption and exported energy desctiileefirstformula summarizes

the reduced engrgosts (REC). For this purpose, the profitability of the increased costs associated with
increased ensrgefficiency and the environmental valuethefbuilding were evaluated. In addition,
investmentosts were compared with energy efficiency andsotstainable values. Maintenance and
renewal costs are not included in this formula.

o [0)00)

i Q7
pQT

YOO

El é é é é ....reduced imported energy
a é é é éé é energy tariff of El

€ é é.é...energy tarifof EE

€ é.& nominal discount rate

é é.€& inflation rate

,,,,,,

The net presemalue of five other factors can also be quantified in order to expand the economic concept.
These additional values are:

Reducedemployee turnovercosts (RETC)

- 006G 1{Ys 06 Y06 'O 06

YOS
O"Yo NEZ

,,,,,,

& é é é é reduceckmployee turnover
Emg é é é . quantity of employees
RCé é é é ...recruitment cost per employee

,,,,,

ICé é é é é introduction course for new employee,

13



RPCé é é é .reduced productivity cost (new empl@reksupervisor),

,,,,,

,,,,,

Reduced sick leave costs (RSAC)

%i EDTEp 3 BN O

23! # -
p2°
SCé é é é . averagsalary costs per employee
€ é é é . éawrage sickness absence
Ké é é € . . réduced sickness absence
Increased productivity value (IPV)
o~ 0d& nOYHD'00
OL w —_—
Py

,,,,,

Public publicity value (PPV)

0 00 0

(]
c
e

AlPé é é . . article in press
AC é é é é . advertising costs in the specific source (paper, internet, etc.)

Reduced sick pay (RSAS)

06 OM&"Y D% Ol

NV Y
0 B

WWeé é é é .quantity of wageworkers in the household

,,,,,

Discount rate (R)
v O E
p E

Furthermore, the value of the reduced land price can also be included in a valuation. Since this is usually
done in the initial phase of a construgtimtess, discounting of these values is not required. This means

tha no equation is actually required to express the capital Adhblidgonal there can be
grants/contributions from the state or municipal e.g. PV grants

Based on thesmlculationsf (Berggren, Wall, & Togero, 2Q1& kensitivity analysis was carried out to
show the effects that differentlsenefits can have on the payliank of & nZEB.
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2.3 Case study : AspernlIQ

2.3.1 Introduction

General information
1 Owner: City of Vienna
1 Architect: ATP Wien
1 Energy concept: Renewable pov
environmental heandwaste heat

1 Location: Vienna (Austria)
1 Year of construction: 2012
1 Net floor area: 88172m
— . : Key technobgies
S ‘ 1 Groundwateheat pump
Figured: Aspern IQ (©Kut Kuball/Wirtschaftsagentu 1 Photovoltaics

Wien)

Aspernl Q is |l ocated i n VWitthe Aspesn IQhtecknblggy adrdre, thé digmea d
urban | akesi déAuat e a a @BAsnpsa Aggntysid providing a major impetus for
urban development project and one of the largespastioning the lakeside city of Aspern as an urban
Europe. The building was designed in line with Pliveng space of the 21st century. In order to create
Energy ®ndards and is conceived as a flagship ideal environment for entrepreneurial
project whib shows the approach to create a Plimovation, the highest sustainable standards were
Energy building adapted to locally availalheplemented in planninghéh construction. The
materials and which offers the highest possible I&tasEnergycommercial property offers a stafe
of user comfort while meeting the demands tfeart workng environment for innovative,
sustainability. The @lenology Centre received @echnologyoriented companies.
maximum number of poinis the Austriarklima In Aspern companies find space and development
aktiv declaration and had also been awardedopportunities for innovin, technology and
OGNB Building Quality Certificate. The energyroduction.
demand of the building has actively been lowered’his includes the energetic optimisatdnthe
measures in the design of the buldiorm building envelope, the demaoriented ontrol of
(compactness), orientation and envelope. the building services, tHE30 kWp, 1,300 m?
bdanced glazing percentage, the highly insulgihdtovoltaic system, the own fountain water, which
thermal envelope in passive house standasdysed for cooling and the server waste heat for
optimized details for reduced thermal bridges armehting The minimal energy consumption is also
an airtight envelope (Blower Door Test=0,4 1/tgupprted by external sun protection, which
beating the Astrian building regulation OIB 6 byprovideshade depending on the position of the sun
55 %. (Weiss, 2014)( 6 Ei n L e u c laridt radration imemgity, and a highly efficient
Nachhaltigkeit als Grindungsakt fir aspern Dientilation system, adapted to the individuals
Seestadt Wi ensd, 20 13)presentinside the roofas Technologiezenm
AspernlQ, 2019)
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2.3.2 Method ology

2.3.2.1 Sensitivity analysis

In CRAVEzerdleliverable6.1 and 6,2 sensitivity Differential sensitivity analysis

analysis (SA) was performed for the investigaidils method belongs to the class of the One Factor
case studiedp identify which input parametersAt a Time (OAT) screening techniques. In
affect the lifeycle cost (LCC) tmost In this way, differential analyses, all parameters assjseal to

the implications of uncertainty issues related to their baseline value. Then, the impact on the LCC
assumptions on input parametensl doundary of one parameter at a &ns investigated, keeping
conditions could be highlighted. The santlee other parameters fixed. Sensitivity index (s%) is
methodology has been adopted in this deliverableatzulated as follows:

give a better insighin the cabenefit angbis 3
developed within the CRAVEzero framework and ip /
to determine the impact of the-leenefits on the 3
valueof an nZEB. )
The equations of the quantified-bmmefits as . .
) . Where: 1 O is t he@stheoutpgtut var
described in chapterhavebeen used to perform . . .
baseline value, ! lpisthe t he i

the SA of one office building, the cdadysAspern . t basell I
IQ, located in Vienna (Austria). As reported in gheput baseline value.
co-benefits description, the guantifiocatiwas one Elementary effects method

of the main challengesfaced |n this analysis,rhe EE method was proven to be a very good

Furthermore, among the quantified parameters, Q8anromise between accuracy and efficiency

for all of them be'lsellne values frgm ﬁtﬁmgould (Campolongo, Cariboni, Saltelli, 206ifige good

be fc_)und. For th'?‘ reasamly ? m'”c?f fragtlon of exploration of the design space with a reduced

the listed cdnenefits could be investighteith the number ofsimulationscan be ensurefCastagna

SA. M.). With this method, SA can be carried out for
different combinations of input values, arajjthe

SA workflow was designed as follows: firstly, in%l#ects of parameters interactions

values and variation ranges must be selected. %'\Hcglementary effeis defined as a change of the
literature data about inputues is scarce and dat%utput caused by a change in a single input
a.b(.)Ut their poss,|ble. variation ranges even mB[aefameter, while keegiall other model parameters
difficult do rely on, input parataes have been fixed. As pointed out iHedge, Miller, Dorsey
varied over a predeﬁned rang.e, in this 6 _Ot 2014) to obtain robust sensitivity measures, more
Secondly, SA requires selecting an output in Or&%rmentary effects per paster have to be

to measure its value when thmuirvaries. The tool computed, varying directions of change and base

calculates the savings generated by the pos\'}gﬁes. Nevertheless, only a redupart of the

action of the cdvenefits on the busess value. .

. _ possjble elementary effects can be sedaly
These savings are used to calculate the time ne%deﬁgfore a soalled Design of Experiment (DoE)
to pay back the additional investment for the nZEI!%[S to be generated to choose carefully the
'tl)'he aciumulated total sa;/lngiraﬂgge;a:r.s Tlave%omb'nations. The mean elementary effect
een chosen as output for the - minaty, R€sociated with a factor i is then given by the average
analysis was performed  applying

. ) , i thesingle elementary effect (EE) associated with
methodalogies, as previously done in D6.1

_ ) . _ art‘lgljat factor:
D6.2. The first one consist¥ a differential
sensitivity analysis. This represents the simplest {* 00 P 00
screening tdnique. Inthe second step, the [
elementary effects (EE) method was implemented.

p i
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W* is the absolute mean of the single elementasain unchanged. Even if the interactions of the
ef fects ass ocdisale gadiance ioftpdwrametars taonot be. invé&figated in a global
the elementary effectssaciated with ¢¢or i. perspective, this charactesipgrmits to detmine

The main limitation is that, while the impact ofwahich parameter causes the greatest effect.

given variable is investigated, the other parameters

Baseline values

As indicated above, SA measures the effects on a selected output when the input is varied of a determined
guantity around its baseline value. A literature research was carried outtondetdemine reliable

baselines. For instance, based on resultagcfnom (Hedge, Miller, Dorsey, 2014), (Singh et al., 2010),
(Thatcher, Milner, 201&je productivity increase due to a better working environment bw&s38ét

Another example is tlm-benefit, which identdsthe reduced sickness absence; ircésis 7.5% was

adopted as baseline valamgh et al., 2010), (Thatcher, Milner, 2014)

Table2: Baseline values for thelmnefits analysis.
Baselinwalue References

Co-Benefits [%]
Yield reduction due tagh qualithZEB 0.5 (Global Property Guide, 2020)
Reduced vacancy 3.5 (Whole Building Design Guid2019)

. (Bleyl, et al., 2017)Wkole Building
Higher rent 5 Design Guide2019)

o (Hedge, et al., 2014), (Singh, et al., 2

Increased productivity 0.3 (Thatcher, Milner, 2014)
Lower staff turnover 0.5 (Thatcher, Milner, 2014)
Reduced sick leaves 75 (Z%T%h, et al., 2010), (Thatcher, Mil

Working with different baseline values coming from literavhereas its variation range has fixdx
and equal to all deenefits due to lack of literature data, raises an issue: the variation ranges can be very
different, up to factor 10, as the twebemefits previously indicated show. For this redsoiSA was
performed testing two differeqipoaches:
1. Baseline values from literature: to eadienefit a baseline value from literature has been assigned,

as indicated in table 1.
2. Uniform baseline for all the-benefits: 26 as baseline value. In thisy during the SA dtle co

benefits have been submitted to the same variation.

2.3.2.2 Cost -benefit analysis of nZEBs for project developers

In the Aspern IQ reference building, in order to be able to filter out the influences of the individual co
benefits, th economic and enerligabuilding data were used in order to be able to map the influences as
accurately as possibdeparametric codtenefit analysiwith chaming individual parameters of the- co
benefitavasperformedo see how the added values affecprojectFor thispurpose, the data shown in

Table3 below were determined. The assumed property value was determined using a comparative value
method with comparable buildings in Austria.
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Table3: Data of the reference building

Financial
Residential/non resideal Non-residential
Saleable / rentable area 6,60000 m2
Expected sales year of prope 30 years
Assumed property value 3,91400 0/ mj
Rents to tenants 14400 a/ mj a
Expected yield 10 10 %
Rental oowneroccupation Rental
Estimated vacancy rates 6 6 %
Number of employees 25000 employees
Energy
Treated floor area 6,63300 m?2
Heating demand 5000 kwh/mz2a
Cooling derand 1000 kWwh/m2a
Electricity demand 4000 kWh/m2a

Furthermore, with regard to the fact tthas is a nearly zeemergy building, there are additional aspects
concerning the economy which cannot be ignored undeir@mystances. This concepasticulaty the
additional costs and the energy taajete construction of a nearly zerwergy bilding.

Table4: Aspects which are based on high quality nearly zero energy buildings

Financial
Additional nZEB costs 17160 a/ mj
Funding 0.00 a/ mj
Equity capital, or bank lo¢ Equity Capital
Bank loan duration 0.00 years
CO; follow-up costs 0 per 3
Energy
Heating demand 2100 kWh/m2a
Cooling demand 2.00 kWh/mz2a
Electricity demand 1800 kWh/mz2a
PV yield 1455 kWh/m?2a
PV vyield: seifonsumption 1000 kWh/mz2a

Based on this building data, the differertiertefitswvereconsidered in Aspern IQalculation results with
and without the consideration oflmenefitsclearly show the influence of the iriial parameters on the
overallcost curve over the duratiof 80 yearsand especiallihe breakeven of the additional ZE
investments as can be seen in Figure 5 @hé €llowindist shows thapplied cdenefits.

)l

= =4 =4 =4

Yield reduction due tagh qualityZEB 1
Reduced vacancy 1
Higher rent 1
Faster rental dhebuilding 1

Reducednaintenanceosts

Number of press clippings
Increased productivity
Lower staff turnover
Reduced sick leaves
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Figure6: Costs based on the entered parameters

Figure6c |l early shows that the additional costs for
influence on the paybgoériod of the additional nZEB investment and the economic successe$hks

from the quantification of all additional benefitsieddby the high quality of nZEBhe payback time
considerin@ll cabenefits leads tol@ealeven in less thamyearsas can be seen in Figuretéeeas

without considering doenefits byjust focusing on paybackdperationa¢nergycostsavings woulkkad

to abreakevemf 20 yearsas can be seen in figureCb-benefits, such as lower staff turnover, reduced
vacancy rates or total rental income are important factors to support tisea$tac@BB in terms of

payback timand economisuccess.
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2.3.3 Resul ts / documentation

2.3.3.1 Sensitivity analysis

SA has been performed filgpplying the DSA method and then the EE method. For each one of these
methodsthe two approaches for the baseline values, previously illustrated, are displayed.téoreover,
discount ree has been inserted as a variable parameter to add the effeatiafiiin to the SA. In DSA

the effectghe sensitivity index for 3 scenarios was calculated: discount rate % 2miek BEE method,
thediscount rate was added to the investigadrameters.

Differential sensitivity analysis
m1% =2% m3% Discount rate

20%
18%
16%
14%

12%
10%
8%
6%
4% I
2%

Higher rent  Yield reduction du®educed vacancy Increased Reduced sick leavdsower staff turn
to hqg nZEB productivity over

Figure7: Sensitivity index related to real values bagdisomunt rate 1, 2 and 3%.

m1% =m2% m3% Discountrate
35%

30%

25%

20%

15%

10% I

5%

0% HEeE Him Eewm o

Yield reduction due Increased  Reduced vacancyLower staff turn ~ Higher rent Reduced sick leaves
to hq nZEB productivity over

Figure8: Sensitivity index related to common baselined(d&gountate 1, 2 and 3%.

In the first approach, where real valoethe baselines are adoptedtliheemost influencing ebenefits

are oOohigher r enttdahighgudlitp F&EBO6edondt O®Redduoed vacanc)
different outcmes areobtained if the second approach is considered: thenfiiestcing values by far

are Oyi el dohrgednuZBEBd nandduedi ncreased productivityod.
Another observation, which emerffem the results, is that the most influencing parameterst@esen

stronger dependenca the discount rate parameter.
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Elementary effect method
The elementary effects method has produced similar results to the differential sensitivity analysis, confirming
whatis reported in the previous paragraph.
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In (Berggren et al., 2018)creased productivityisact ual |y t he productivity
indicated as the dxenefit with the largest relativelausible a productivity ieerse of %? And 267? 6 .
impad. This statement is confirmed by resul{Bleyl et al., 2018jate that in some cases a rent
obtained with the seadmpproach, which applies éncrease related to a green building can range from
fixed variation of 26 equal to all ebenefits. A below 4% up to 21%. For the purpose of this
productivity increase of % corresponds to 22 analysis a% rent increase has been conservatively
0 / taywf labar cost savings, assuming an averaggdected for the approachigh takes into account
monthly salgr per employee of D00 a nbdseline values frditerature. Nevertheless, in this
employer & social costs (excl. dafi allowance) case, this ebenefit showed the highest sensitivity
equal to 60%. Nevertheless, the questions thatdex and p*.

should be further investigate®d how much can

2.3.3.2 Cost -benefit analysis of nZEBs for project developers

In this chaptevarious cebenefitsareanalyseth respect to the overall payback time of the addition&8 nZE
investment of Aspern 1Q

The followingFigures 1 to 13 show the analged co-benefitsand their effect on payback time in
conparison|In this specific case, six differeotbenefitswere examedand compared with each other

using box plétdiagramsEach of the six fringe benefits (lower vacancy rate, higher rent, faster rental, higher
productivity, lower staff turnover, lower sickness absence) was analysed in terms of its impact on payback
time. The individual cthenefits were analysed with regard to their expected impact on the project. For
example, the effects that a higher rent of 1 to 10 % would have on the project were determined. These
different variants were carried out with allteel@sbenefits in order to be able to show which influences

1 The box plot is a graphical representation to characterize the distribution of continuous features based on the
empirical quartiles (2b values)The interquartile diste@ is shown as a box from which lines are drawn to the
minimum and maximum. The median is described by a line in the box. Optionally, the position of the arithmetic mean
is marked by an x. The outliers are represented as points.
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can be associated with the different percentage changes. Hoeradfitothe control of 1 to 10 % was
chosen. The only exception is thdenefit "faster rental of the building” where thi®gd.to 5 months
was used to see the respective effects of-tienedits on thdiscountegbayback period.

Real Discount rate 1% Real Discount rate 2%
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Figurel3 Boxplotreal discountate 3%

In Figurel1-13 the differences that result from various assumptions of the real discount rate can be seen.
The real discount rate is used to corbadwwveen onéime costs and annualized costs.

Depending on how high the real discount rate is set, it can be seen that the payback timéeneich co
is different. The higher the real discount rate, the longer the payback time. If we lookvédtlaé ¢adi
benefits, we can see that increasetliptivity hashe great influence on the paybatikne. But lower
staff turnover also hadg influence. The smallest influeswkthe considered dmenefits aréhe faster

rental of building and reducsick leavesStill all cebenefits have a hug&luence in the economic

consideration of nZEBs usually exceeding the effects by a return of investment by energy cost savings alone

by far.

To further anabe the effect of cobenefits a differential life cycle analysieeotase study Aspern 1Q

with additionainvestmentosts of 170G / mj

a nadiedos-bendfits compared to a state of the art

building withoutiddtional nZEB investment as a baselifibe effects onosts, revenues, breaken and
success in particular are shown as benchmarks in a graph over a period of G8nyearseas Figure

14
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As shown irFigurel5 the energy payback time without the influehcebenefits is more than 20 years.
This is thereferencdor comparing the influences of differentbenefitson the financial result§he
following graphd-{gurel6to Figure20) show thehanges ibreakeven and profiepending on different
co-benefit{the additional investments of ~I¥® mj ar e Kk Ehis makes i mossibla to shhe
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Table5: Results of the deenefit variants

Faster rental (+5 months)
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Figure2Q Faster rental (+5 months)

Additional nZEB Return of Investment Success/ Hofit over 30
Investment / Break even years

Referenc€ase: Enemaybact 1700 / mj >20 years 450/m?

Reduced vacahéy) ( 1700 / mj >15years 810/m2

Higher rent (£5) 1700 / mj >10 years 2210/m?

Reduced sick led08s) | 1700 / mj >10 years 1540/m2

Increased prodydiii%) | 1700 / mj >5 years 3470/mz

Faster rental (+5 months) | 1700 / mj >10 years 1110/m?

Figurel6to Figure20are based on the following detailaldulations

Table6: Calclation of the reduced vacancy rates as shdviguirel6

Vacancy rates

Reference case rents
Adopted lower level vacanc

144

€/m? (saleable area) per mont
1 % units

Increased rental income due to lower vacancy rates:

Table7: Calculation of the faster rental as shown in

1.44/ m? (saleable area)

Figurel?

Rents
Reference case vacancy: 2%
Reference case rents 144 € k%A
Adopted rent%: 5 %
Increased level of rent if the property is rented out externally 7 € KM
Increased rental income after taking into account the assumed vacancy | 7 € KM
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Table8: Calculation of the reduced sick leaves as shown in

Figurel8
Sick leave
¢2GFt Ay € LISNJ aljdz NB YS 28.800¢
Savings thanks to reduced absenteeism n e 115€¢ k SY LJ
Calculation
reference case absenteeism percentage 2%
Days per year 229,00 days
reference case number of sick days per year and person 4,6days
reference case number of sick days per year and person 4,6days
Reducing absenteeism 10%
Number reduced sick days per person and year: 0,46 days
Number reduced sick days per year, the total of all of the property: 114,5 days
Number reduced sick days per person and year: 0,46 days
Total number of employees in the building: 250Employees
Days per year 229,00 day$ year
Average annual labor costs per employee (incl. Employer): 57.600employee
Savings thanks to reduced absenteeism 28.800 €

Table9: Calculation of the increased productivity as shdviguirel9

Productivity
¢ 20 Perm2y € ¢20l perA:
employee
Mnn®nn 576
Total savings through productivity improvemer HH €KY e Kk SyL
Calculation
Average monthly salary per employe 3.00/ month
12 months, ie. including
Numberof months of qualifying for salary holiday
Employer 60,00 %
This corresponds to an average salary cost for renter 57.600 / year and employee of
incl. holiday at: the tenant
250
Total number of employees in the building: People
Average annual labor costs per employee (incl. Employer): 57.600 / year
productivity Improvement 1%
Total savings through productity improvement Mnnos
TablelQ Calculation of the faster rental as showigure20
Faster rentals
Number of months quicker rentals 5 months
Corresponding 0,4167 year
Reference case rents per ye 144 e k YH oal
Savings due to faster rental 60/ m2 (saleable aree
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2.3.4 Discussion and conclusion

In the course of this chapter, thebamefits have been analysed in particular with regard to their influence
on the payback timend profit over a time period of 30 years for the case study Aspamoré@sed
productivity of the employedse to higher building quality and comdorda possiblbigher rental income

due to a better building standard the most important factevih regard to the payback tiemed profit

But alsothe other cebenefitswhich were examined here in more detail, ldgrificantnfluence.

Even influences whidre usually not considetmad harder to quantjfguch as the productivity of the
empoyees, reduced sick leaves or reduced vacancies, can significanthtlielaenomisuccess @&n

nZEB. The analyzedase studpspern IQillustrates once again that it is often not sufficient to include
only energyelated cost savinigsthe paybek calculation, as rentabilitiygcallyinfluenced bgo-benefits

to amore significant extent even though they cannot be quantified easily and estimations have to be made
based on literature and recent studies.

2.4 Case study 2

2.4.1 Introduction

General informaton
A Owner: Skanska
A Architect: Tengbom
A Energy concept: Passive house design
PV-panels and groundsource heat pum
A Location: Helsingborg (Sweden)
A Year ofconstruction: 2012
A Net floor area: 800 m
Key technologies
A Passive House design
A Groundsource heaump

A Photovoltaics
Figure21 Vala Gard (© Skanska Sverige AB) A Presence controlled

Vala Gards a twestorey office building, built in thehighest LEED score ifEurope and thethird-
southern part of Sweden (Helsingborg, 56.08&hest score in the world when it was built (2013).
12.742). Skanska has developed one of the grediesstrategy for reaching a Net ZEB balance was a
office buildings to date at the historic Vala Gard diteeestep approach. The thermal losses and heat
outdde Helsingborg. The office building, whiels gains were reduced in ordehd&we low heating and
desgjned by Tengbom Arkitekter, are reminiscentadoling demand. A ground sourbeat pump
contemporary versions of traditional farmhouses(®SHP) was chosen in order to lower the need for
Skane with a gable roof. The aim was to blend itm@orted energy. Finally, the building was equipped
offices sympathetically into the historicalith PV panels, to generate renewable energy.
environment. The foundation is a concrete slab on grouttd wi
The environment has been at the core of ev850 mm insulation. The external walls are cencret
decison 8 from project planning to moving in;walls with 295 mm insulation. The roof is insulated
energysmart materials, recycling of all leftoverith 370520 mm insulation. Windows and glazed
material, built with a high level of insulation ametrance hae a Uvalue of 0.92.00 W/n#K.
equippedvith PV-panelsand agroundsource heat Windows towards southeast and southwage
pump. The hilding is certified under Leadership isolar shading.

Energy and&nvironmental Design (LEED) at theThe ventilation is designed with a mechanical
highest level, LEED Platinum. It is a plus enerbglaiced ventilation system with heat recovery of
building which was the first building in the world t84% with variable air volume (VAV). The
achieve t he hi ghest veatitation is gantrollédDbg presendd,rtemparature i n
Skanskas Color P#dgM. Vala Gard received theand CQ. The GSHP produsespace heating and
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hot water. If theresicooling demand, the airflowoads, are turned off when the building alarm is
increases with cooledr in the room. The coolingswitched on.

coil lowers the supply air temperature using fi#ee building is designed with 288 PV panels with 5
cooling from the boreholes in the GSHP system.inverters, givig the building an installed capacity of

The lighting system consistepnérgyefficient light 70 kWp.

fixtures, controlled bpresence and daylight. TAA moredetailed description of Vala Gard may be

minimize tenant electtigi (reducing standbyfound in(Elsevier, 2013) (Statistic Sweden Labour
losses), the main part of the electrical outlets, plugrket, 2020) (Berggren, 2015).

2.4.2 Method

Based on the equations presented in s&cBMethodologythe following parameters were investigated:
Reduced energy costs (due to decreased energy demand)

Increasedental incomédue to lower vacancy rate)

Publicity value (based on numbepress clippings)

Increased productivity

Lower staff turnover

Lower sick leaves

To o T Do Do I

To investigate the effect of thelmnefits listed above, a reference building is defined stovtéct the

case study, Vala Gard, is compared to. The reference buildbuyaeary conditions are described in
Tablell Input data for the investigated parameters are desoritzdidel2

Initially,each parameter is investigated followed by a combination of all parametsisvily analysis is
included. The sensitivity analysis inva@wesiation of each parameter by £25 %, when all parameters are
combined.

Tablell Summary of reference building and boundary conditions
Financial info o refererce building

Type of building Non-residential

Saleable/rentable area 1600 m

Rent to tenants 70 ®@/ m

Vacancy rate 15%

Employees 70 persons
Energy o reference building

Treated floor area 1670 m

Heating energy (electricity) 22 kWh/n?a

Cooling energy (electricity) 5 kWh/m2a

Electricity, excluding heating and cooling 65 kWh/rr?a
Boundary conditions

Nominal discount rate 7%

Inflation 2%

Tariff for imported energy 0.12 0/ k
Tariff for exported energy 0.10 0/ Kk
Annual erergy tariff increase 2%
Averagesalary costs 6350 G/ e
Average employee turnover, Swedémh) 4%

Average sick leave 6 days/year
Value for publicity 3500 0/ a
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Tablel2 Input dat for investigated parameters

Reduced energy costs
Heating energy 4
Cooling energy 1
Electricity, excluding heating and cooling 35
Increased rental income

Vacancy rate 5%
Publicity value
Press clippings 10 articles
Increased productivity
Increased productivity 05 %
Lower staff turnover
Reduced employee turnover 05 %
Lower sick leaves
Reduced sickness asence 10 %
2.4.3 Results
The case study reported increased costs amountin@t®450 0 ) @bdaredito ihthe office would
have been a onor mal of fi ceod. wasgigen fodthenRypaneln) s t re

amounting to roug¢ghly 82 000 O or 51 0/ m
Increasegroduction costs, consultants and certification costs are includedsulbh&om the LCC

analysis for the energy savings is preserftegline22, left side. The total energy saving in the case study
(excluding the effect frothe P\fpanels) amounts to 60 kWh?a Including the effect from the PV

panels, reducing the imported energy and the benefit from exported energy, the annual value for the reduced
value for energy costs amounts tdi ¥22m As can be seghe cumulative savings (including the effect

from the PVpanels) does not exceed the increased costs within a short time perspective. After roughly 40
years, the cumulative savings exceed the additional costs.

Increased rental incopmevacancyrateofb | nst ead of 15 %, resubkats i n ¢
almost 60 % of the value for the energy savings. Hosaxags from the rental income is not affected

by energy pricehe cumulative savings are lower and will neseeaihe increased tpsee

Figure22 right side.
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Figure22 Left: LCGanalysis for energy savings at Vala. @étt: LC@nalysis for increased rental income for
Vala Gard
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The publicity valuef ten press clippings are rather high) 860 0 2. Bdvevér,/amthe publicity
does not last over time, in this case study only press clippings the firatiebedsthe cumulative effect

is low, se€igure23left side

Except for the value of press clippings (which are not recurring), increased profl0&idity hashe

hi ghest busi ness b eéyseRigure23 right sideuThannual ¢alud ialmbst% G/ m
highercomparedto the value of energy savings. However, also here, the sawngsefincreased
productivity is not affected by energy price. The cumulative stndrefereexceed the increased costs
after roughly 40 yesa the same time periad for energy savings.
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Figure23Left: LCGanalysis fapublicity value of press clippings for Vala Gard. Rightah@gsis for
increaseg@roductivity for Vala Gard

The value of lower staff turnovand lower sick leavessimilar to increased rental income. The annual
val ue 2as a8 d@taspedtivalpilso here, the cumulative value never exceeds the additional
costs, sekigure24.
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Figure24 Left: LCGanalysis for reduced employee costs for Vala Gard. Riglnalg€is for Reduced sick leaves
for Vala Grd
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In Figure25, al co-benefits investigatelave have been included. A base case (BC) is presented together
with a worstase and an optimal casee base case is a case where lafireefits above have been included
together with the additional costs and the cost redsigeceived in the projett the worst case, the
additional costs have been increased by 25 % and the business benefitsradueditby 25 %. In the

optimal case the changes are the opposite. l.e. additional costs have been reduced by Pbushessl the
benefits have beeaduced by 25 %. In the base case, the cumulative savings exceed the additional costs after
roughly fouryears. In the optimal and worst case, the cumulative savings exceed the additional cost after
roughly three and eight yeeespectively.
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Cumulative savings, BC Cumulative savings, optimal case

Figure25 LCC-analysis for Vala Gard, including all benefits listed in Qe¢tifdethod.

2.4.4 Discussion and conclusion

In thiscase study examples ofvhgreen values could be quantified in monetary aeenshownReduced

employee turnover, reduced sick absence and increased praduttisistudy is based on assumptions,

i.e. should not be mistaken for verified results.

The case study shethat itmay be hardtofindlpr of i t abl e t o build a 0green
for improved energy performance or a singleenefit. The profitability is significantly affected by further

values thaenergy savings, which cannot balance the iiitislh@estment for reaching the target nZEB or

Net ZEB if a short time perspective for evaluating profit is applied. However, theostsdiathit may be

very profitable to build green buildings if @a@unts for several green values. Even if acagesscenario

is applied.
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CHAPTER 3
Description of Co  -Benefits
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3 DESCRIPTION OF CO -BENEFITS

The cebenefit analysis representea and challenging topic, since there is not a consolidated approach for
the evaluation of the added values oh#teBs.

Nevertheless, in the following sections, CRAVEzero partners describe, according to theie expetd
literature analysis, theneral features and, when available, the quantification techniques for inclueing the co
benefit in the revenue sira.

The analysis within CRAVEzero includ&dco-benefits associated with the target nZEB that can be
translated in revenue to be considén the Life Cycle Analygibese cdbenefits are related to one or more
phases of the life cycle and can begkhatiring time (i.e. can be considered darieagohase as a punctual
contribution to the business model) or continue during one or nawespdf the building life cycle (e.g.
continuous contribution during the operation).

High _
A el
/Esa Increased Increased productivity
o0Y financing
S Lower staff tunover Higher rental income
()
g Bank loan
3=
4 c ) Added value of the
0o S0 ner roducgr
— FJ" @ wP propery  paster rental
L _("'HQ Peak shaving NV
8 COz emission saving —_'_—
% ’, £ ~
> Reduced sick leave ) Quality control
Q Reduced vacanc' Aeghetics
Q ($)
c il
Increased energy securi ‘I“
Increased value of lan
Structural performance: Reputation
v
Low

Easy <« — —— » Difficult
Difficulty of quantification

Figure26 Cobenefits structured in terms of reteefor the business case and difficulty of quantification based
on Bleyl et al. 2017

In order to have an overview of the analysdiboefitsFigure26reports the ratio between ti€ficulty of
gquantification, due to the lack of data and the relevance for tBéunZiEess case, considering the impact
at an individudével based on an asseent of CRAVEzero partneérs.

3.1 Increased productivity
General description

/ A new building @aching the nZEB target is usually characterised by an enhanced Indoor
II Environmental Quality (IEQ), thanks to the more accurate desigivandeal energy concept
Improved quality in terms of reduced internal pollutants, acoustic and lighting can
increasethe level of satisfaction and the capacity of concentration, leading to increased productivity
of the occupants. This-benefit is valuablfor nonresidentiabuildings and in particular for offices and

2The contributions of the dwenefit at macro and societal level are not considered within this report
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