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INTRODUCTION
—

- TQA - Total Quality Assessment
- 2 research projects 2008 - 2016
- Results, examples

- Conclusions
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Quality Optimization of Buildings
« Steadily growing number of relevant aspects

« Technological advances in product development
 Building simulation, measurement, monitoring...

« Changing relations of influencing life cycle factors
- Need for cooperation

2 research projects, founded by the Austrian government:

* LQG: Life cycle improvement of the building
guality

« MOFNUG: Modular guestionnaire for user satisfaction
In buildings
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Quality Pyramid

User satisfaction, comfort

M (( Green Labels BREEAM@ g

klimaaktiv / TQA \

ceo0 o _
/ Building biology \
/ Building ecology (LCA) \
/ntegral planning (LCC, FI\/I>BIM)\

/ Thermal simulations, energy opt. \

Optimized energy pass

Building regulations/ Energy pass /
Quality assurance standard
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1. LQG project

.
Life Cycle Oriented Quality

Optimization of Buildings
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LQG- Introduction

« Research project 2008-2013
« Cooperation of 5 universities of applied sciences

* Objectives
- Qualitative database:
Collection of tools for building quality assurance

- Quantitative database:
Practical deliverable, leading to an

,energy certificate plus”
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Life Cycle Costs and Impact of
Decisions

LCC - LIFE
QA-TooINr1 || 2 ({3 ||4]||5]||6||7]|l 8] 9]... CYCLE
A [ e.g. Planning process, Simulations, LCA Measurements, Controlling etc. /COSTS
100% — | —Standard
Scope for //W Eggs
ldecisions - ! Optimization
ROI /44_“ ___# 1 cCwith
Concept-phase: — | oA
oncgp. phase. h _~ / Optimization
40% ,decision for /[‘4[3
\angel aor B |
20% \\\ // ______ .+ Costs
NA
/‘ﬂ —
| LIFE CYCLE: 7 YEARS 40 YEARS

¥

Concept Planning Construction Occupancy Refurbishment Conversion Demolition Recycling
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Initial Idea of the LQG Database

« Improvement of building quality over lifecycle
by adding quality assurance methods
* Important aims: satisfaction and comfort for users

 Building certification systems can be one (the only
one?) possibility
—>klimaaktiv, TQB (Austrian systems)
DGNB, BREEAM, LEED (international)

have been considered and compared
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Sie sind angemeldet als Gast (gast) [[EYTIEl

Feedback

e Supporting
online R R

Bitte Thema wahlen v

Life Konzept Projektmanagement Zertifizierungen (FH | Zertifizierungssysteme | Zertifizierungssysteme allgemein ... klima:aktiv
a a aS e Pl Ausfiihrung 00) Uberblick ... @1 Links ...
Cycle A 2| > %] wahl des Zertifizierungssystems ... i ol
Ausfiihrung | Bauvorbereitung Gebaudeinduzierte Zertifizierungen fir BREEAM Tl_manéa%ﬂul
u S e d fo r Phase Nutzung Baubeginn Mobilitat (FH 00 - Stadtquartiere ... ol P> »MZOII
Riickbau Baudurchfiihrung klima:aktiv DGNB .. & | klima:aktiv
> Deklarationsbeispiele || eep Taqung Wels
Gewerke ~ Al @[] 2012...
Abnahme Minergie ... klima:aktiv
JOB ... Taqung 2013
Gebaudezertifizierung A I
klima:aktiv
Gesetzliche 5 5 I
. Grundlagen klima:aktiv
— i
9 P ro e CtS Eine vom Osterreichischen Bundesministerium fur Land- und Level 6
I Forstwirtschaft, Wasserwirtschaft und Umwelt initierte Ext |
Klimaschutzinitiative. Die vier Kernthemen beschaftigen sich xterna
mit Bauen & Sanieren, Erneuerbare Energie, Energiesparen S
. Level 1 Level 2 Level 3 Level 4 und Mobilitat. Getragen wird dies von der Osterreichischen | SOUICe€S
. Energieagentur.
9 I Life Cycle Li isi i
eaCh I n g R \ll’] Life C'yde Decision Information D(i’%oklilr(na:akti\l/) :(ﬁéederr‘\ aindk‘mit dle(m ‘II'(QB St.?jndard zu
ou 100% kompatibel. Das heiBt: klima:aktiv kann jederzeit zu
( g ) (PFECISE) einem TQB-Zertifikat erweitert werden.
Derzeit sind Kriterienkataloge fir Wohnbau (Neubau,
R esearc Sanierung) und fiur Barobauten (Neubau, Sanierung)
verfugbar (siehe Ebene 6). Die Bewertung fiir den besten |
Standard (Gold) ist der Nachweis mittels pHep| Level5
(Passivhausprojektierungspaket - siehe "Qualitdtsgepriftes .
Passivhaus”, Ebene 5) erforderlich. — Details
a s
Information Density
S
r
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Results of LOG: Energy Pass Plus

(3D model >

Energy Output

iE Q Von Gebauden”

LCC

> part of BIM process...)

Hinweis: Far die erzielten Ergebnisse wird keine Haftung obermommen

[Output - Energie

Hinweis: Far die erzielten Ergebnisse wird keine Haftung abernommen

[ABweichung zu Standard - Fein

Output - LCA

[Die ermittelten Daten fur LCA beziehen sich derzeit zur Analyse auf die Fassaden und Energieerzeugung.

[Abweichung zu Standard - Grob

ARV
Ary [—
KEA ‘_ KEA
Opp |S—
Eutro. Eutr.
AP (—
poC |— AP
Gwp |[S—
POCP
100 200
Abweichung Standard in % GWP-100

Standard  Variante
946,0E+0 728,2E+0]

2,1E+6  16E+§)
191,9E+0 146,8E+0|
327,8E+0 250,8E+0|
282E+0 525E+0)

150,3E+3 116,0E+3]

Legende:

ARV - Abiotischer Resourcenverbrauch

KEA - kum. Energieverbrauch fossil [MJ]

ODP - Stratospherischer Ozonabbau ODP 10a [kg CFC (Chlorfluorcarbon) 11- Aquivalent]

Eutro. - Potential - NP} (kg Aquivalent oder kg

AP - Versauerung, Acidification Potential [kg SO2- Aquivalent]
POCP - Photochemical Ozone Creation Potential [kg Ethylen- Aquivalent]
GWP - Global Warming Potential [kg CO2- Aquivalent] - 100

Aquivalent]

zu Standard - Fein

Abweichung Standard in %

GWP POCP AP Eutro. ODP KEA ARV

Daten zu Material und Recycling aus Datenbank Ecoinvent 2.0
Daten fur Energie aus eigenen Berechnungen

Standard Variante EH
HWB Heizwarmeenergiebedarf A 21,01 kWh/m3a
HTEB. Heiztechnikenergiebedarf 3634 36,34 kWh/m?a
KB Kohibedarf 2881 36,64 kKWh/m?a
KTEB Kuhitechnikenergiebedarf 1,00 1,06 kWh/m*a
33 Endenergiebedarf 9327 93,24 kWh/m?a
100,00
90,00
80,00 |
70,00
o
£
=
2 00
30,00
20,00 —
10,00 |
0,00 —_
HWB HTER KB KTES EEB
mstnderd| 33,65 36,34 281 | 108 | 927
Variante | 21,00 36,34 36,64 1,06 93,24
Quellenhinweis:
[EXCEL-Schulungs-Tool fir Nicht-Wohngebaude, URL: hitp:/iwwiw.oib.or at/
Organisers:

BRickbau

@ Herstellung
@instandhaltung
OEnergie

WSBE17 - Leindecker

[© L on Gebauden
[Hinweis: Fur die erzielten Ergebnisse wird keine Haftung ubernommen 1
|
[Output - LCC
[Abweichung zu Standard - Grob
Standard Variante Deita)
Bauwerkskosten: €332.114,10 € 338.306,46 1,86%]
Bauwerkskosten / m? BGF €1.38381 € 140961
Anteilig Elemente Gebaudehulle und Haustechnik: €80.171.,70 € 86.364.06 7.72%]
Elemente Gebaudehalle / m? BGF €334,05 € 350,85
Anteilig Elemente Gebaudehulle und Haustechnik 24.14% 25,53%
[Abweichung - LCC fir Hille und TGA
Abweichung Standard in %
Herstellungskosten lﬂﬁi’(
Technischer Betrieh 100%
Instandsetaung 99%
Riickbau 100% |
0%  25%  50%  75%  100%  125%  150%  175%  200%
[Abweichung LCC Gesamt
[ausgewahite Kostenpositionen
200% Gesamtabweichungin %
175%
150% 120%
125% 115%
100%
75%, 110%
50% 105%
25% B B B B B R 100% —_— —
0%
. 95%
& &
(‘&\\0 & & 90%
&« 45%‘ 85%
& o 80%
v" < Standard Variante
Absolutwerte Standard Variante Deltal
Herstellung €332.114,10 € 338.306,46 1,86%)
Lebenszykluskosten € 505.925,08 €512.262,78 1,25%)
[Quellenhinweis:
[Quelle Kostenkenmwerte Investition: BKI 2008 & Erfahrungswerte
[Quelle Kostenkennwerte Foigekosten: BKI 2008 (Ruckbau), VDI 2067 & Erfahrungswerte, FM Benchmarking 2009
[Quelle technischer Lebensdauem: Leitiaden Nachhaltiges Bauen, VDI 2067 & Annahmen
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Total Quality Tools:

VOC Mould Sun Charts

Radon
Temp./rH/CO,
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2. MOFNUG project
-

Modular Questionnaire for User
Satisfaction in Buildings
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MOFNUG Introduction .

« User satisfaction still is the highest aim e ™~
* Wide range of factors is covered by this topic
« Research project between 2013-2016
« Cooperation of 4 universities of applied sciences
 with different perspectives
(energy / FM / psychology / marketing)
« Survey platform to measure relevant aspects
* Modular structured —>different buildings possible
 Steadily improvements have been done

WSBE17 - Leindecker
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Appearance of the MOFNUG
Website

Welcome,
Armin Weber|
@B Dashboard ‘
= Projekte
. Clusters
Fragen-Katalog:
£} Template-Umfragen
Frage lige
& Fragen-Katalog
- uftqualitat (inkl. Gerud Licht Steuerbarkeit von Technik ntierung
a5 Fragen-Cluster Luftqualitat (inkl. Geruch) b s bark B
ﬂ o, 511 AEE) Raumkonzept unk 107 EEGE
alender
€@ hermis M Diens @D Personendate
? Ausfohrbare Umfragen
@ soziale Interaktion auberkeit (2] tung Umfrage
&% Benutzer
/# Umfrage erstellen
% Meine Kontakte

Building Type

Questions Question Type Target Group Actions
Navigation 10 B Eintrage anzeiger] uchen
Fragetext: Fragetyp: Zielgruppe: Gebaude Typ: Aktionen:
1 Wie zugig empfinden Sie die Raumluft? 7-Point-Custom-Label-Likert-Scale Laie & Experte Alle @ Labels anzeigen
&8 Frage kopieren

(# Bearbeiten

2 Wie zugig empfinden Sie die Raumluft im Sommer? 7-Point-Custom-Label-Likert-Scale Laie Alle @ Labels anzeigen
4 Frage kopieren
# Bearbeiten

@ Loschen

3 Wie zugig empfinden Sie die Raumluft im Winter? 7-Point-Custom-Label-Likert-Scale Laie Alle @ Labels anzeigen
4 Frage kopieren
[ Bearbeiten

‘ Organisers: WSBE17 - Leindecker [nternational Co-owners:
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Typical Survey on the Platform

Currently open cluster Progress bar

* Clusters on top

Translation:

.
Welchem Typ entspricht Ihre Kleidung gerade am ehesten?
9 I e ft tO r I g ht W e i What type of clothes do you wear currently?

kurze Hose, kurzes j [Dropdown selection] short trousers, shirt

» Exactly knowledge of
. . e
Wie wiirden Sie Ihre kérperliche Aktivitit beschreiben? € How would you describe your physical activity?
p rog re SS angelehnt j [Dropdown] rest on sth.

« Error message when
mandatory questions -
are not answered |

nicht zufrieden 1 2 3 4 5 6 7 sehr zufriedef  [7pt. Likert Scale] not satisfied- very satisfied

Wie empfinden Sie die Temperatur?

zu kalt 1 2 3 4 5 6 7 uwarm [7pt. Likert Scale] too cold-too warm

Is there any need for change towards

Gibt es Veranderungsbedarf in Bezug auf thermischen Komfort? €@ il cenian

[Free text area]

WSBE17 - Leindecker

[nternational Co-owners:

Glabal A¥snce
For Buildngs and




& ( uveesty
FNOG) UPPERAUSTRIA

MOFNUG WOrd CIOUd (example)

Question: What produces noise at your workspace?

lautstarke

NotstiegenAufund

= ¢

=

§F &8

= S & &

s O &Y &

2 §§ &
H § &
g e

Source: Mittermaier, 2016
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Difference in PMV: Simulation,
Measurement and Survey (example)

Vergleich des PMV
15

» Planning | 1%pateffl, 2 Dste , 3¢Date , 4" Date | 5" Date
- Simulation = ull O

» Execution ; Ai.iLI =) EN
>Measurements .

« Operation
—>Monitoring
—>User surveys

m Messung 1 m Simulation 1 Befragung 1 m Messung 2 m Simulation 2

Measurement Simulation Survey

i Y
: . | | ‘% W iy Mw“\ ‘J“ }m \A r ‘ ~\ U

”f/( \(N ¥
kit e Ml

i

| W ! i "L oo

. ; I W
Source: Dornigg, 2014 V i h " l“l"HHJ(H h ‘fh Wh’ W
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1a Health Problems of Care Stalff

at Work

‘Do you have fre/ ent health
prob ems? | NN

. ‘ﬁgﬁ \ )\ * 79 respondents
SVl University buildings

LA B 1 in Wels

10/“[ i g° Dry eyes and neck

|

SRELP) o l‘

equent cold

Source: Mittermaier, 2016
& ‘ Organise rs: WSBE17 - Leindecker [nternational Co-owners:
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headachef Sl dry eyesBldry skinSS itchy skin




1b Perceived Temperature Split

up Into Summer and Winter

How do you feel abou
h during the s

* 79 respondents

* University buildings
in Wels

* Problems with
overheating in
Summer

 Temperature could
be higher in Winter

(00 Wa

Source: Mittermaier, 2016
WSBE17 - Leindecker
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2 Retirement home: Felt Temperature
of Caregivers and Residents

Number of persons

Felt temperature

35

30

25

20

15

10

Too cold

neutral Too hot

Source: Ruschak, 2016

WSBE17 - Leindecker

Residents in Summer

Residents in Winter

B Caregivers in Summer

Caregivers in Winter

Difference in activity levels of
caregivers and residents
Residents claim for higher
temperatures while caregivers

Organisers: [nternational Co-owners:
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3a Air Quality in Kindergartens

« 7 different Kindergartens in Upper Austria
» 17 different rooms have been measured
* 40 interviewed educators

WSBE17 - Leindecker )
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3b Air Quality in Kindergartens

* Question: Altogether, how
satisfied are you with the room
climate?

« Answers: predominately
neutral

« Average: 4.8 (positive)

\

25

B 7- very satisfied
M 6- satisfied
B 5 - neutral-satisfied
4- neutral
M 3- neutral-dissatisfied
| 2- dissatisfied
1- very dissatisfied

0- no response

20

15

10

Z]Iu

| 1 .

\e} > 1 N

FRLF L S & & e
SR a‘\c,’\ \)&(’b FECE S e %z‘o
&

X\
36 <o )
qe(\‘ e\)“(b
o

—Y WSBE17 - Leindecker "
l Organisers: [nternational Co-owners:
|
z‘ CONSTRUCTION \w | ‘ {1
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xxe\\
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Source: Weberberger 2017
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CONCLUSION

[nternational Co-owners:

Organisers: WSBE17 - Leindecker

=
*
REAR .

)

y @ Glebal A¥ance
7 Sustamable Buidings For Buildngs and
I and Chmate Intiative TR Construtan



& ( uversy

jret
w UPPER AUSTRIA

General Conclusion

 Quality optimization has to be measurable.
There exist already quality assessment tools,
which however have been rarely used

(expensive =2 ....?7)

 klimaaktiv: Austrian self-declaration system,
low level with high quality, open system

klimaaktiv
000

« Cooperation between universities offers
numerous benefits




klimaaktiv projects =0

REPUBLIK
»

OR Lo

OSTERREICH

AUSZEICHNUNG
FUR KOMPETENZ
w7 IM KLIMASCHUTZ

klimaaktiv

Wohnanlage
MWohnen am Griinbach®
Anne-Frank-Strae 11, 13 und 15, 4600 Wels

»n Bachner Roth ZT GmbH

I
geplan

et von Welser Hamstante

Dreses Gebiade wereme hochste energrasche sad
chcdoprte Quabtst ms rctrmcordir Amtebruy
i cotpraht damat dem Ceddudestandard

klimaaktiv GOLD.

Vogelweide Nord, Wels
klimaakitv GOLD

Office Autonom Sanierung
B14, Wels Schule

Klimaakitv Gold Rainbach

e IR Klimaakitv Gold

: l Organisers: [nternational Co-owners:
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Conclusion of LQG and MOFNUG

LQG
* Life cycle orientation is indispensable
- The highest goal of quality optimized ¢
constructing must be user satisfaction
MOFNUG

« User satisfaction is very complex, subjective and just
partially measurable

« Thermal comfort is one of the best explored area,
however, there are still outstanding issues

WSBE17 - Leindecker In




“Special Conclusion”
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Only 2 questions lead to all the answers:
1. Where do the children play?
2. How do the elderly people live?

WSBE17 - Leindecker
[nternational Co-owners:
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LeindECker, HC (2004) Herbert Claus Leindecker
,Condensed building structures Verdichtete

as child-friendly living environment Beba_uungsstruktgren als
in the city” ki derfreun liche

In the city Wohnumwelt in der Stadt

Thank you
I |

Contact:
Prof. Dr. Herbert C. Leindecker
Solar Architecture, Building Ecology and Optimization

Centaurus

University of Applied Sciences Upper Austria
School of Engineering, Stelzhamerstralle 23, 4600 Wels, Austria

herbert.leindecker@fh-wels.at
www.fh-ooe.at
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