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An Empirical Study on Critical Sucess Factors
of Passive House in Germany

Hae Jo Chung

Interdisciplinary Program of

Construction Engineering and Management Graduate School

Directed by Professor Soo Yong Kim

ABSTRACT

This study examines the implementation of Germany’s energy policy,
which aims to assimilate the concept of sustainable development and
to induce climate change, and to evaluate its outcome in practice.
Germany’s Energy Policy focuses on enhancing energy efficiency and
securing the competitiveness of renewable energy. Germany has tried
to use a variety of methods for saving energy in order to enhance the
effectiveness of the policy; one of them is a policy that encoura- ges
energy efficiency in both existing and newly built buildings to reduce
the amount of energy used. In particular, Passive Houses allow
energy savings by more than 70% compared with previously built

houses.

However, there may be some problems in applying the basic principles
and construction methods of Passive Houses to Korea directly. A Post

Occupancy Evaluation has been conducted among the occupants of

- Vil -



Passive Houses in Germany, with the outcome of the finding that
most residents are highly satisfied with the functions of Passive

Houses.

This research attempts to extract the technological critical success
factors(CSFs) for Germany’s success with Passive Houses. And then
it tries to deduce the internal, external, and building management
factors that enable energy savings and improve comfort for the
occupants in Germany and in the rest of Europe. Based on this result,
it establishes a certain criteria to assess the performance of Passive
Houses by functional analysis using value engineering. These criteria
can be applicable to the construction of Passive Houses in Korea
for Korea's energy policy and for its implementation at individual

building sites.

Key word : Passive House, Energy Cost, FGI(Focus Group Interview),

Management Factor, Importance, CSFs
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<Fig. 2.1> Annual global average temperature, 1890 - 20141
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Data sources:

« CSIRO (Commeoenwealth Scientific and Industrial Research Organisation). 2013 update to data originally published im: Church,
LA and M) White. 2011. Sea-level rise from the late 19" to the early 21 century. Surv. Geophys. 32:585-602.

= NOAA (Mational Oceanic and Atmospheric Administration). 2014. Laboratory for Satellite Altimetry: Sea level rise. Accessed
April 2014, httpy/fibis.grdlnoaa.gov/SAT/SealevelRise/LSA_SLR_timeseries_global.php.

<Fig. 2.2> Global average absolute sea level change, 1880 - 2013
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<Table 2.1> Climate Change Performance Index for OECD Member Countries

Rank Country Score Rank Country Score
4 Denmark 72.61 27 Spain 59.18
5 Sweden 69.37 28 Czech Republic 59.13
6 Portugal 67.81 31 Norway 58.38
7 Switzerland 67.61 34 Austria 58.09
8 Germany 67.54 38 Finland 56.58
9 Ireland 67.48 40 Australia 55.39
10 United Kingdom 67.33 41 New Zealand 54.48
12 Hungary 66.41 43 United States 53.51
13 Belgium 65.20 44 Poland 52.47
14 Mexico 64.91 47 Japan 52.10
15 France 64.74 48 Greece 52.04
16 Slovak Republic 64.64 49 Netherlands 50.28
17 Iceland 64.16 51 Korea 49.93
21 Italy 61.26 57 Turkey 46.60
26 Luxembourg 59.56 58 Canada 45.16

© Germanwatch 2012
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A7HA AREES 1990 divfshe] et 529 24k Mg R =
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A7b =4 Atk <Table 21> OECD %7b5¢] 71§93 & 43
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3) Hawken, Paul, Lovins, Amory, Lovins, L. Hunter, Natural Capitalism, Earthscan

Publications, London, 1999, p.235.
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6) Ibid., p.142.
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A2 A1g3) Peig 8o 9ED

2000l = Ak Jh2, A% 2 SR Aol FET Aol ol A
T A A2 wEel A ATHOR WY A, AeE, B3
BAIZ zeshl @ dolth eER QFE AouA AER itk s,
oA EEA AT 9T oUAS Aot 7%l el wH e AFao} Fel.
EE vle AU ARE w5 99 olUAE BeHoR A A B
£ QAT AR s AAH, A=A Aol WAsolok T Aolh, olst I

A7 oAl ek 71E7 el e B2 FAP7E o] FojAof & Zoltts)

7 Ibid., p.146.
8) Ibid. p.141-146.
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23 54 oA FA A&

1990t B4 % FY A%

TAA dtem A FH, HEd Ad=

i
o
-
rr
i)
i)
_\711
>

AoldA grejell ==kl FAl Aze AR 2] el FHw S
AoanA FEEA Setd Aol d A Aol HdolM AR o
T AL 1998 HAF o] ST OoRA AA FojeA HHEAEH
HIEE AT o] % 20000 ARRI-=A AL 20229744 el @A A

sl AAUAHES EAdsEA T 20000 69 14U+ ‘A= o7t
9 o]%F 2002 ¥AHWH(The 2002 Amendment to the German

ol

Atomic Energy Act Concerning the Phase-out of Nuclear Power) ©] A|
AEHA, o A o] EAs AT 20029 AAHYE S 5L W
RE 94E& 20229714 #AHAstE APA AHAYAE Hog]o] 8- &
AA H AW (Gesetz zur geordneten Beendigung der Kernenergie—

nutzung zur gewerblichen Erzeugung von Elektrizitat)S X33t

09 o2 EUZ 20039%E 29U olisitis wEFE AEHom
Daaon, AAAA SUAAE Bel RofolAel Awe AR} 2
29 oz Yt 94 7k 344 #E W s SAw o

J—LJ

7F Well M e} el g2 ko= g4 skt 2010 o] A7k vt &
SLAAGT= AAH, AR AR olUA QA ek ghejol] o] =4

starh. Y A7l QPR olARARE AAY FH AP B

b

ol

9 Bundesministerium fiir Umwelt, Naturschutz, Bau und Reaktorsicherheit, “Gesetz
zur geordneten Beendigung der Kernenergienutzung zur gewerblichen Erzeugung
von Elektrizitat,” Berlin: Bundesgesetzblatt 2002, p.1351.
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3ThID EF 20119 69 309 59 AwslelE A4 tE F9 17
ool sl 2022974 dAIH e w2 Al S FA S]dskiith
o= Alvle] ZFH3 g7l e SEolm 12 for Ak ¢

A7) el dsl 25 AAolthy EF 59 AR 44 E7)

19 (Germany’s decision to phase out nuclear energy)S oY A %o

A4 Aoz A AT 5 g9dS AP, oo g g B
Apel A Aol qA o] xS dAsta, yA EEAS JAAATIH
Aol

2 g5 19909 MEF Ve 2020704 40%9] o] aksleka

e A4S REE 3tal 9o, o8 H&lA vid 35% Hi wEHES
Zsfokrt st} SR vE A F7MA] A 0.7% %] wlEF dito] o]3

AF
Hoj v Aol FAkEa itk 5 el AbE A Qo] o3 Al

o2

10 w18 o) wag el oAbd AAsh L AA TAIg, B 98%, 2012,
p.215.

1D R. Andreas Kraemer, “Security through Energy Policy: Germany’s Strategy in
Context,” http://www.ecologic.eu/4031.

2) Ethics Commission for a Safe Energy Supply, “Germany's energy transition - A collective project for the
future,”  http://www.bundesregierung.de/Content/DE/_Anlagen/2011/05/ 2011-05-30—
abschlussbericht-ethikkommission_en.pdf?__blob=publicationFile.

13) R. Van Noorden, “The knock-on effects of Germany’s nuclear phase-out. Nature,”
Nature June 2011, http://www.nature.com/news/2011/110603/full/news.2011.348.html
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A AW, 5o oy FAL AFAR] ulg A& A
B9 g U JAL FT7e] gk,

5 AN 2010 oldA ek 715 G Aol tid o wkntel &

=5
il
il

gatAnh AAZR, 1ds2 A ES 1990 Bl asiA]l 2050 o =
Aok 80%E #AstArh EAE, vgde AAAUAR 5] o

A Foe] gREES Y Aotk AAR, olyux AHl= AR

k>

a3 oz 8ol Zus Aol g drt <Fig23>e 20114
Sdo FAYEAAANS BT v A A A=t dAHA T 80%
£ AFA A RE, 40 Foll = A Aol A 7L 80%] H] & o] ETh= Fo|th

MNuclear energy

Hard coal 18%

19%

Wind 8 %

Renewables
Matural

gas | =20%
14%

Biomass 5%

Water 3%

Photovoltaic 3 %
Biogenic household waste 1%

s Heating cil, pumped-storage
Lignite and other
25% 5%

<Fig.2.3> Gross power production in Germany in 2011(612TWh)15

14) The Federal Ministry of Economics and Technology, Germany’s new energy

policy, Munich, 2012, p.4.
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e oAy B4 AT AAF SA= <Table 2.2>3 2t}

<Table 2.2> Gross electricity production in Germany from 2012 to 201416

2012 2013 2014
Energy Sources
Billion kWh % Billion kWh % Billion kWh %
Gross electricity production, total 630.1 100 633.2 100 614.0 100
Lignite 160.7 255 160.9 | 254 155.8 254
Nuclear energy 99.5 15.8 973 | 154 97.1 15.8
Hard coal 116.4 185 1217 | 19.2 109.0 17.8
Natural gas 764 12.1 675 | 10.7 58.3 95
Mineral oil products 76 1.2 72 1.1 6.0 1.0
Renewable energy sources 143.8 22.8 1524 | 241 160.6 26.2
Wind power 50.7 8.0 57.7 8.1 56.0 9.1
Water power 22.1 3.5 23.0 3.6 20.5 3.3
Biomass energy S9W 6.3 41.2 6.5 43.0 7.0
Photovoltaic energy 26.4 4.2 31.0 4.9 34.9 5.7
Household waste 5.0 0.8 54 0.9 6.1 1.0
Other energy sources 25.7 4.1 26.2 4.1 2082 43

FA2 A 397 T AY Aol o] AAATA 9 HTE FE3
=gkt 549 20139 F A E 2 63219) kWhell o] &t 2012
22.8%0°ll A wid oF 2% F7HAIA 2014d A71AYA] AL =9 262%F
dotar Advk. ARAUAD F FHAUAT7E 20149 71 A 9.1% =
M = HlTe AASt o, mlo] QA (7%), B 3T (5.7%),
T9(3.3%) T wolth obA7FA ZA'H(254%) R FAR17.8%)°] F
432%¢°l ol2aL Qlof Al |A el wel oEsa U= & 7 A

15) Working Group on Energy Balances(AGEB), German Energy and Water Industry
Association(BDEW)

16)  Statistisches Bundesamt, “Gross electricity production in Germany from 2012 to

2014,
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add A= 2012904 20143744 = ZHAago]l FAE A glomn
A7k Hl& & 201249 12.1%°14 20131 10.7%, 20149 9.5%= 74

stk olsh 2 =9l Wy AUA AN Hao) W SR}

59 ABAR= Al 63 d|A AT AFelA FE&AA oA
2 AR, olux mee 949 98 A4 AR 2 oA AF
A= 7]= 346,099,000 =5 A W8t <Table 2.3>3 o] FH
AFA&Z Hgatr] flal oA T4 S $13 R&Del A4t
4% w8 g
<Table 2.3> Funding for R&D under the Federal Government's 67

Energy Research Programmel? (in thousands of €)

Actual Planned Projected data '?
2010 2011 2012 2013 2014

Efficient energy conversion and use,
energy efficiency

Federal budget 210,256 218,135 209,433 211,137 208,599

Energy and Climate Fund — 28,000 33,500 121,850 137,500

Total 210,256 246,135 242,933 332,987 346,099
Renewable energy

Federal budget 205,142 225,668 255,873 271,493 266,373

Energy and Climate Fund = 40,000 29,000 130,000 165,000

Total 205,142 265,668 284,873 401,493 431,373
Muclear safety, final disposal

Federal budget 71,543 73,021 73,916 74,930 75,558
Fusion

Federal budget 131,031 148,148 152,655 154,611 153,599
Overall

Federal budget 617,971 664,971 691,877 712,171 704,128

Energy and Climate Fund = 68,000 62,500 251,850 302,500

Total 617,571 732971 754,377 964,021 1,006,628

1 Figures relating to the federal budget are subject to parliamentary approval,
3 Funding for the Energy and Climate Fund is subject to change

17) The Federal Ministry of Economics and Technology, op.cit., p.35.
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<Table 2.4> Status quo and quantitative Energiewende targets!®

Category 2011 2012 2020 | 2030 2040 2050
Greenhouse gas emissions
. t least
Greenhouse gas emissions a
g 95.6% —o47% at leslst at lefst at lefst “80% to
(Compared to 1990) -40% -55% -70% 05%
Renewable energies
at least at least
. . 50% 65%
Share in ross electricit as
no9 Y 2049 23.6% atSEiaSt (2025: (2035: atg(l)?;“t
consumption 070 40 to 55 to d
45%) 60%)
Share in ross  final  ener
"9 ¥ q15% 12.4% 18% 30% 45% 60%
consumption
Efficiency
pri i
rimary energy consumption _54% 43% 0% _50%
(Compared to 2008)
G lectricit ti
ross electricity consumption _18% 1.9% _10% 959
(Compared to 2008)
h f electrici jon fi
S arer electricity generation from 17 0% 17.9% 950
combined heat and power plants
1.7% per 1.1% per 2.1% per
. .. annum annum annum
Final energy productivity (2008-201  (2008-201  (2008-205
1) 2 0)
Buildings
Primary energy requirement - - - around 80%
Heat requirement -20% -
Rate of modernisation apf;)x. apf(;lx. doubling of levels to 2% per annum
0 ()
Transport
Final ti
inal energy consumption 07% 06% 10% 40%
(Compared to 2005)
Number of electric vehicles 6,547 10,078 1 million 6million -

18) The Federal Ministry of Economics and Technology, Second Monitoring Report
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Ed AWAF= <Table 2.4>0A 20507k 1990 7]+ div] W&
F2= 80%-95%% zFSsbar, 20081 tiv] 1xk o= Am| 9] 50%, %171
a8 25%E gk 3 oy Al &Ml S AU A BlES 60% %
stfstar, A7) 40 FAAE 80%E gidtteE 217 ZEE A st
ATh19) T A o2 20208 7hA = DA U] Ane] 18%E A Aoy A
2 sl s ARASE st v 54 AR= 2010 AAEE
U defel] whet 2000 7bA] ol | Al AAE deHor AT A

, dpolzeRql, A=, AU A AT 5 HFH A ey

22 ANAE, A=A TS v FEd FAH A3g mAstay k20 o
Al el =de] oA &84 A ouA FHA st 114 (Energieopti-
miertes Bauen) F&#3 4He] oMol dyx F&AH FUR BRI

T At Z=AR S 7SR LA A ] HS- EnEff: Stadt’” 28] 32 X Z}A] o

HA 3700 W A 5 AHS ¢85 Y= dENA ARG wEA
oy x5 FHF AR AL o8] AlEEE duyAe a&A 2 Aok
ol =] #&A Al 2 g AP Mg 8o A 7|AqstA Hh

ol fYdFe ABAUALT FEAel B AWWe] S R

“Energy of the future”, Munich, 2014, p.4.

19 Bundesministerium fiir Wirtschaft und Technologie, “Energieforschung und
Innovationen, — 6. Energieforschungsprogramm,” http://www.bmwi.de/DE/Themen/Energie Energieforschung-
und-Innovationen/6-energieforschungsprogramm.html

200 FEAALE, “FY N A] AFALRED) DA

20 Az AEAUAALS &40 #e A2 5o HES AAS AT
2002 12¢€ 169 FH9d 2 fY43e AE AU sl #3k X3 (Directive
2002/91/EC of the European Parliament and of the Council of 16 December
2002 on the energy performance of buildings)e] ¢l 3]@sl™, X% 4 71X
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<Fig. 2.4> Development of research and building practice 22)

AFE9] A3 Y ALY FHE FTRSHAIN, SUFHTL AA S}
= oy x HZA 3 AE(Energy-optimised buildings)& &A% 719 2
W7k 2 AHgE AT oduyA 5§ SHS 13 AES dAe
Ao, tho] 4744 xx0] Hojop gtk A, HAsH AdE ALY

olok akaL, AlA, A SR (B, B 2Ae] Ad) o] Eo] o
Fojxm, wpAston B3 Az AAF Ao HojE Bl A

& Totolof ) <Fig. 24>} o], oy 7l il U

T2 A2 GE3 2o O A 9 duA 4T A4S A% dubF<l
HHE AN, @ A2E e Fo AdSF gl 71 dEY dyA Adsd
gt Hade Ve AA, @ sededd U a2 71E A dyA dF
Azt Q1S Ve B AR FAE FA] A 011*1 Ha 54 o)¥d A, @
AEe) ndefel $F olojzd Aladle] A7) Hakek Bdert 16 d o] A
G bl Adue] Jrhrh 2R A TAARAARAY, “fHAH(EU), AEANTAE

T8 ek A g L wjAoel] e AR A
http~/ /world.moleg.go.kr/World/WesternEurope/EU/report/26019.
22) Bundesministerium fiir Wirtschaft und Technologie, 2011, p.31.
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zZF AE S oyA] &S At A& ow HdE AIHE Kol
AT AWAEE 20009 oA deF Z# (Energieeinsparverordnung,
EnEV)¢} 2012 7HAQbS e AASHS S A&l thak x[Fo] Al
Ay AU s Fddste AAS AHHow FAea, AU ALDY
(Erneuerbare-Energien-Warme-Gesetz, EEWarmeG) 2 A& A Z o A
9] ox A5 (EPBD: European Energy Performance in Buildings
Directive)®] Td-& Adste] 2050d 5 AeA 7|& F¥H A
(Climate—neutral building)e] R ¥H3}E & 3x sl QJr}h29

i

TS 3o A= oAzl 7+ =9 o X AAM Hass A B
29 BHEo g ASE oyA Aol 71o& Aleldd s 25 =431

A AA ANRFFEze] AFHD Y FUE dFoz WA B2
&

73t Aol ds) AE2AE AAIRE W

23) Ibid. p.31.
24) Thid. p.31.
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mo ABEE, 13 oUA AL 120kWhimaS ZHeA e 0%
2 AN RSt TS
AABes a7t H7] AF RaHe g, AAnses 35, A5

T E71AA, AL 7IEA, A dfjiolH, FAA e o 2k
DO 9<¥ (Warmedammung/Thermal insulation) : AE¢] 9y v ol
Z Hojop Frh b F& ENoE dAFE(U-value)ol HUF 0.15
W/(m?K) olefof gt
@ A B35~ 5 (Passivhausfenster/Passive House windows) : I
AlB kg0 FE = ddo] Z Hofof gkttt U-valueZt 0.80 W/(m?*K)
& HojuA= QF HH, g-values 7} °F 50% <1 Z-¢-olth(g-value = A
A HFLY AAFHE)
934 873 A (Luftungswirmeriickgewinnung/ Ventilation heat reco-
TEAQ G3lE AT A A HAR A A 31ES F
AT, F HA R AUAIE defAlFIt HlEEE 2719 E2 A= 75

AR F71R AEE ook ditt.

X

o]

@ AL 712 A (Luftdichtheit des Gebzudes/ Airtightness of the build-

ing) : FAE AT F = F=°] 50 Pascal o Ho=E HAEZ

uf, AP AA] AEFRA 06 FHTE HojoF gt}
® 4 w8 2 (Warmebriickenfreiheit/Absence of thermal bridges) : €3l
£ ¥&7] A& EE PR, 2AY, A4, #Este A HAA 5

Folste] AlFatolof @k VT 4 Qb Das 5 HALFsholo} @

T} 26)

25) http://www.passiv.de/de/02_informationen/01_wasistpassivhaus/01_wasistpassivhaus.htm
26)http://www.passiv.de/de/02_informationen/02_qualitaetsanforderungen/02_qualitaetsanforderungen.ht
m

,23,



\““dichthe/}

Airtightne

orlickens .
& &

2NPassive House Institute, http://www.passiv.de/en/02_informations/02_passive-house-

requirements/02_passive-house-requirements.htm.
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<Fig. 3.2> Heating energy saving rate29

28) 2015 69 18U EUHA B2 AFzo] e Fojudo] e 4 g Tz
“In Germany 1085 buildings with 7200 units have been certified. However, the
certification is voluntary, meaning that the total number is much higher and there are
no solid statistics available.”

29) Passive House Institute http://passiv.de/en/02_informations/01_whatisapassivehouse/

01_whatisapassivehouse.htm
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<Table 3.1> Overview of survey

contents

survey periods Nov. 15. 2014 - Dec. 31. 2014

dwellers in Passive House near by Miinchen
survey targets N
District

survey method questionaire survey by face to face

to investigate the function satisfaction and

survey objectives awareness of dwellers on Passive House

in Germany
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S Folyo] AAANLLEZN FAHAEF A LEE Fo|7] fg WHe
2 Cronbach's a A& o]&3k Brlo] @o] AREX 1 gt}
Cronbach’s a Al k¢ 71ol dlste] Van# Ferry (1980)%= €HH4
o 60 ololw HYETe NHEE FEFWTn Sk B A
o ;] Ag¥ SAHAE=FTES A= #4 A} Cronbach’'s a AlF7F .60
o4& Assta glel 7t myel AEEst SuHAty ¥ 5 Yok
<Table 3.2> Exploratory factor analysis, reliability analysis
outside ) temperature of
environment .
block indoor
airtightness of window 0.829 0.089 0.124
thermal bridge 0.777 -0.094 -0.028
insulation of window 0.665 0.212 0.331
envelope airtightness 0.595 0.075 0.262

insulation of envelope 0.591 0.382 -0.032

comfort of indoor air 0.122 0.736 0.164
insolation 0.372 0.691 0.043

artificial lighting -0.101 0.641 0.054
temperature of summer 0.008 0.053 0.930
temperature of winter 0.409 0.218 0.718
cronbach’s «a 0.775 0.632 0.700
332 W45 7+ A#E2A (Correlation of variables)
SYAFEINEEE 20 AAE) R FHEF(PA LS 20 SR

AAEA A= <Table 3.3>9 2t}
_ 28 _



<Table 3.3> Correlation analysis results

variables 1 2 3 4 5 6
function 1
_ energy saving .540 1
indepe- ,
environment-
ndent i .236 | .614 1
, friendly
variables
finacial support | .184 |.273 | .403 1
outside block .248 |.243| .011 | .203 1
depertld' environment | .275 | .265| .153 | .117 | 370 | 1
en
. temperature of
variables i 099 | .291| .321 | .216 | .399 | .295
indoor

,29,




SHEAe] Aty EAS o] &35te] A APO]E Ao, mEHG
t-test @ EAFHEA S o] 83 TE <Table 34>9F o] WA $yate]

el Batatelzk gl Aoz yEut 53] 100m® ol He

2
Afreh SHAES] MR O &9kt

<Table 3.4> T-test by house size

std.

group mean _ . |t-value| p-value

deviation

function of Passive < 100m* | 3.47 .94

-0.014 | 0.989
House >100m?* | 3.46 1.16
< 100m* | 3.98 .84

i 0.119 | 0.906
energy saving izl T 29
Z 3.87 .87

environment-friendly Q% 0.061 | 0.952
> 100m* | 3.88 .87
< 100m? | 3.27 1.14

fi ial t 0.118 | 0.906
inancial suppor 00| 3.2 7
% 4.17 .56

outside block ~100e 2.592 | 0.011
> 100m> | 4.46 A7
2 1 4.09 .66

environment of indoor < 100m 0.854 | 0.395
> 100m* | 4.20 .57
2 3.99 .76

temperature of indoor < 100m 1.765 | 0.081
> 100m? | 4.26 .63
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<Table 3.5> T-test by number of residents

std.

group |mean .. |t-value |p-value
deviation

1~2 3.56 0.99

function of Passive 3~4 3.63 1.02
House c 6 5 85 114 2.975 | 0.057

total 3.48 1.05

1~2 4.09 0.79

: 3~4 4.05 0.84
energy saving 56 362 0.87 1.688 | 0.191

total 4.00 0.83

1~2 3.79 0.84

) | 3~4 3.95 0.87
environment-friendly =6 .00 0.87 0.409 | 0.665

total 3.89 0.85

1~2 341 1.21

. . 3~4 3.24 0.88
financial support t 6 315 0.80 0.411 | 0.664

total 3.29 1.01

1~2 4.35 0.50

) 3~4 4.29 0.62
outside block 56 105 0.38 0.223 | 0.801

total 4.31 0.54

1~2 4.15 0.65

) : 3~4 4.10 0.66
environment of indoor £ 6 133 0.43 0.693 | 0.503

total 4.15 0.62

1~2 4.00 0.81

) 3~4 4.18 0.65
temperature of indoor 56 197 0.60 0.923 | 0.401

total 4.12 0.71
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<Table 3.6> T-test by income

std.

group mean . . |t-value|p-value
deviation
< 50,000 3.55 0.95
Function of 50,000_75,000 3.24 0.99
) 1.915 | 0.154
Passive House > 75,000 3.77 1.19
total 3.48 1.04
< 50,000 3.97 0.73
50,000-75,000 3.88 0.88
energy saving 1.536 | 0.221
= 75,000 4.27 0.88
total 4.01 0.84
< 50,000 3.76 0.87
50,000-75,000 3.88 0.88
environment-frie 0.971 | 0.383
ndly = 75,000 4.09 0.75
total 3.89 0.85
< 50,000 3.31 1.17
financial 50,000-75,000 3.15 0.99
0.818 | 0.445
support = 75,000 3.50 0.80
total 3.29 1.01
< 50,000 4.16 0.58
50,000-75,000 4.19 0.49
outside block 7.799 | 0.001
= 75,000 4.66 0.36
total 4.30 0.54
< 50,000 4.11 0.71
environment Of 50,000_75,000 4.01 0.61
) 2.965 | 0.057
indoor > 75,000 441 | 0.44
total 4.15 0.62
< 50,000 4.05 0.63
temperature of 50,000_75,000 3.90 0.79
) 6.432 | 0.003
indoor = 75,000 455 0.51
total 4.12 0.71
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<Table 3.7> Influence on temperature of indoor by awareness of

Passive House

unstandardize Std.GITOI' standardized
d coefficient mean coefficient

DV IDV t-value | p-value | VIF

constant 1171 0.268 4.372 | 0.000

function -0.042 0.084 | -0.063 | -0.505 | 0.615 |1.455

temperat CNerEY 0.153 | 0.126 | 0.186 | 1.220 | 0.226 |2.187
ure of saving

indoor |environme
nt-friendly

0.147 0.114 | 0.179 | 1.288 | 0.202 |1.827

financial
support

0.073 0.079 | 0.105 | 0.926 | 0.357 |1.206

F-value=3.014, p-value=0.023, r*=0.128

DV: dependent variable

IDV: independent varialble
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<Table 3.8> Influence on indoor environment by awareness of Passive

House
unstandardized | STA-€TTOT | (o1 dardize
DV DV jnggii;ted e | t-value | p-value | VIF
mean
(constant) 1.276 0.240 5.310 0.000
function 0.110 0.075 | 0.184 | 1.452 | 0.150 |1.455

energy
temperat|saying
ure of |environmen

0.114 0.113 | 0.157 | 1.014 | 0.314 |2.187

. . -0.003 | 0.103 | -0.004 | -0.031 | 0.976 |1.827
indoor  |t-friendly

financial

0.026 0.071 | 0.042 | 0.365 | 0.716 |1.206

support

F-value=2.193, p-value=0.077, r*=0.097

DV: dependent variable
IDV: independent varialble
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<Table 3.9> Influence on insulation of envelope by house size and

income
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DV: dependent variable

IDV: independent varialble
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<Table 3.10> Influence on envelope airtightness by house size and

income
unstandardized | Std.€ITOr | standardized
DV IDV . — t-value |p-value| VIF
coefficient mean | coefficient
(CONST
3.811 0.240 15.907 0.000
ANT)
house
airtightness ) 0.003 0.002 0.185 1.703 0.092 1.059
S1ze
of envelope|[ .
ncome 0.135 0.074 0.197 1.816 0.073 1.059

F-value=4.057, p-value=0.021, 2*=0.090

DV: dependent variable
IDV: independent varialble
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<Table 3.11> Level of function satisfaction in Passive House

VD D N S VS
2.1 insulation of envelope - 1(1.2) 11(12.9) | 30(35.3) | 43(50.6)
2.2 airtightness of envelope ~ 1(1.2) 4(4.7) | 35(41.2) | 45(52.9)
2.3 blocking noise 1(1.2) 6(7.1) 25(29.4) | 31(36.5) | 22(25.9)
2.4 insolation 1(1.2) 4(4.7) 11(12.9) | 20(23.5) | 49(57.6)
2.5 artificial lighting = 1(1.2) 30(35.3) | 22(25.9) | 32(37.6)
2.6 comfort of indoor air - 2(2.4) 13(15.3) | 42(49.4) | 28(32.9)
2.7 temperature of summer ke 4(4.7) 19(22.4) | 35(41.2) | 27(31.8)
2.8 temperature of winter - 1(1.2) 14(16.5) | 34(40) | 36(42.4)
2.9 insulation of window » 3(3.5) 19(22.4) | 34(40) | 29(34.1)
2.10 airtightness of window - 1(1.2) 9(10.6) | 34(40) | 41(48.2)
2.11 thermal bridge - - 11(12.9) | 37(43.5) | 37(43.5)

VD = very dissatisfied

D = somewhat dissatisfied
N = neutral

S = somewhat satisfied

VS = very satisfied

,39,
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<Fig 3.3> Insulation of envelope
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<Fig 3.4> Airtightness of envelope
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Blocking noise
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<Fig 3.5> Blocking noise
Insolation
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<Fig 3.6> Insolation
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<Fig 3.7> Artificial lighting
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<Fig 3.8> Comfort of indoor air
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Temperature of summer
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<Fig 3.9> Temperature of summer
Temperature of winter
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<Fig 3.10> Temperature of winter
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<Fig 3.11> Insulation of window
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<Fig 3.12> Airtightness of window
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<Fig 3.13> Thermal bridge
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<Table 3.12> Passive House awareness of residents

SD D N A SA

3.1 I know the function of Passive
0 2(2.4) | 13(15.3) | 28(32.9) | 26(30.6) |16(18.8)
ouse.

32 T think that th i
o That They Gah save SRRl - ] 4@ | 170 |38447) |26(306)
Passive House.

3.3 I think that Passive House is

environment-friendly.

= 3(3.5) | 26(30.6) | 33(38.8) |23(27.1)

3.4 I think that the financial support for
) . 3(3.5) | 12(14.1) |40(47.1) | 17(20) |13(15.3)
Passive House is enough.

SD = strongly disagree

D = disagree
N = neutral
A = agree

SA = strongly agree

,46,
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<Fig 3.14> Function of Passive House
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<Fig 3.15> Energy saving
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<Fig 3.16> Environment—friendly
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<Fig 3.17.> Financial support
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<Table 4.1> Overview of Literature Review

Division Contents

Extracting technical critical success factors
Outline by literature analysis for passive houses in

Europe
Extracting technical critical success factors

Method through the research keywords grouping after

selecting research literature
Conduct for the research literature target

Scope related to the technical aspects of a passive

house

o Extraction for item categories (Level 1) of
Objective ) "
technical critical success factors

,50,
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<Table 4.2> Keyword of extraction result by

Y, Bed A8l ol

review in Europe

passive house literature

Divisi : Reference
on Topic Information Keyword
Re-inventing air heating: convenient and Wolfgang Feist et. al., . IR . . :
1 comfortable within the frame of the Passive Energy and Buildings 37 %;ﬁl;ﬁgvswldﬁﬂeﬁnﬁ? sterm
House concept (2006) 1186-1203 ystem,
CEPHEUS  results: measurements and Jurgen  Schrieders et al Superinsulation, Market success, Energy efficiency in
2 occupants’ satisfaction provide evidence for Elr]fr Policy 34 (ZOO()) " huldings, User satisfaction, Combining  efficdient heat
Passive Houses being an option for 1517%%’1 Y recovery with supplementary supply air heating,
sustainable building Airtightness,
Thermal and environmental assessment of a Stephane Thiers, et. al, Thermal  simulation, Earth-to-air heat
3 passive building equipped with an Solar Energy 82 (2008) exchanger, Ventilation system, Soil thermal
earth-to-air heat exchanger in France 820-831 model, Energy consumption and comfort
The UK. Applicability Study: an Evaluation Kevin j. Lomas, Building X . : . :
4 of Thermal Simulation Programs for Passive | and Environment, ;bam\%ﬁnﬁgmdﬁgvmgjéqux indow
Solar House Design Vol.31.No.3.197-206,19%6 & ’
Economic  analysis of passive houses and A Audenaert et. al, &f};&bﬁmﬁlﬁg 1nild(]xa])ryscll?rngjudﬁln%{G emssmr;nd
5 ﬁ)\z;:snergw houses compared with standard 4E’§{eé5gv Policy 35 (2008) Y it il cering 2y corvert onal! heating or
cooling system
Alexander G. Keul, - . )
i olcarata . el Technology mediation, Social design,
Passive  Housing-a sustainable answer to Architecture Civil o : : s STV
6 mainstream user needs? Engirz/ﬁring Environment Xfm?r}ﬁgggﬁ(%\écrhcaung, Alr quality, Diffusion
No.2/2012 13-20
e e T e L i E. Mecnik, et. al, Energy | Comfort, User experiences, End-user
7 End user - experiences in nearly 2er0-eI®y | ang Byicings 492Di2) atisfaction, Heating, Mechanical ventilation,
S 471-478 Indoor air quality, Summer comfort
Environmental and economic performance of
8 heating systems for energy-efficient L. Georges, et. al, Energy | Heating systems, Cost-hnefit analysis,
dwellings: Case of passive and low-energy Policy 40 (2012) 452-464 Well-insulated envelopes, Insulation — strategies
single-family houses
. - Erwin Miecnik, et. al., Energy efficiency, Use of PHPP, Market
9 &h@ﬁsmmeig,%%ﬂuﬁugg labels for Energy Policy 33 (2010) infrastructure, Consumer finance, CO2
“ 45902-4603 emissions
Earth heat exchanger, Summer building
cooling  strategies, summer comfort and Ursula Eicker, Applied performance, The room air relative humidity
10 energy performance of a rehahilitated passive | Energy 87 (2010) has an important influence on summer thermal
standard office buildings 2031-2039 comfort. Mechanical ventilation, Horizontal
earth-brine-air heat exchanger
Thermal  insulation, A1r tightne&% of building
17| Eobanced eneny consrvation i howses | S S8 Y| GRS R
through high performance design 213-218 planning, Upgrading heating systems, Airtight
building envelopes
Comfort cooling, Phase change material,
. Johnnes  Persson et al., Building envelope-external wall, Internal  wall,
12 | Fhase change matcrial cool storage for a Fnergy and Buildings 51 | Intemal floors, Roofs, Extemnal floor, Glazing,
(2012) 490-4% Outer door, Thermal bridges-Edge beam, Wall
corner, Windows and doors, Wall/joists,

,51,




Ventilation-Air leakage, Mechanical ventilation,
Efficiency of heat exchanger

Building materials, Temperature, Relative

L . Jana Makar, et al,, humidity, Living environment, Durability,
13 TC%?}T){IC% %nu(]jl dthml giz:kl;r ofiles in Building and Environment Vapor retarder, Humidity control system,
Pass * e 60 (2013) 185-193 Gymsum board, Cellulose insulation, Wind
barrier, Windows
14 Renewable energy for passive house heating E:ll(érrel . Enageg?’ﬂf 2]’%8 Active solar system, Domestic hot water
Model of the active solar heating system (2006%3 199141 ngs « preparation, Space heating, Air heating ~ system
. . . - Jorge L. Alvarado, et al,, Passive cooling, Metal reflector, Insulation,
15 Fgosfsslve cooling systems for cement-based Building and Environment Cement-based roof, Heat flux reduction,
44 (2009) 1869-187 Material selection
Matteos Heat dissipation, Ground cooling,
Passive cooling dissipation Santamouris et al., Evaporative coohng, Ventilative
16 techniques for buildings and other Energy and cooling, Earth to air heat
structures Buﬂdmg% 57 (2013) exchangers, Night ventilation,
74-94 Ventilation effectiveness
Energy-efficient houses built H. Tommerup et.al., I‘;I]?zﬁt Slf??)s (SOCf?(())]:llCI’(litSR’ cfxtcrior
17 according to the energy Energy and ‘Od Stru fitio n %’V (rilox’)v O%her al
performance requirements Buildings 39 (2007) constructon, = Windows, ma;
introduced in Denmark in 2006 1123-1130 bridge, Foundation, Window reveal,
- * Air tightness of building envelope
Solar energy, Thermal comfort,
Design and performance of Jordi Llovera Space heating, Thermal
18 energy—efficient solar residential et.al.,Applied Energy transmittance, External wall, Roof,
house in Andorra 88 (2011) 1343-1353 Windows with aluminium frame and
double glazing, Solar radiation
Ardeshir Mahdavi,
19 A performance comparison of et.al., Energy and Insulation, Windows, Ventilation
passive and low-energy buildings Buildings 42 (2010) system, CO2 emissions,
1314-1319
Thermal monitoring and indoor Eduardo Krueger, Thermal comfort conditions, Effect
20 temperature predictions in a et.al., Building and of shading and insulating shutters,
passive solar building in an arid Environment 43 effect of ventilation, Cooling
environment (2008) 1792-1804 demand in summer
: Viorel Badescu, et Energy efficiency, Renewable
Renewable energy for passive 3 > e r
e g g al., Energy and energy, High thermal inertia—walls,
21 ggggfl }Ei%(;tmg Part L Building Buﬂdmgs 35 (2003) Roof, Floor- Windows, Doors,
SCIp 1077-1084 Ventilation, Heating system
Mari-Louise
Influence of window size on the Persson, et.al., Energy efficient window, Low
22 energy balance of low energy Energy and energy window, Window size,
houses Buildings 38 (2008) Shading
181-188
Impacts of occupant behaviours s
on residential heating consumption Eta;ianlgn e(rie Nileneds L Thermal simulation, Thermal
23 for detached houses in a Buildings 5g7y (2013) comfort, Insulation, Human
temperate climate in the northern i o SS + £ behaviour
part of Europe 313-323
<L . . e B.N. Winther, et.al., | wall, slab on grade, floor, roof,
24 gfo lngg;e\;Zu?aS rﬁi&'f %I};iséndlysls Solar Energy Vol.66, window, Insulation level, solar
€ No.6, 387-393,1999 energy, ventilation, Material
geattiﬁlgt,_ C(iolting_, Pﬁziifmlr‘tenergy,
entilation, Interior comfor
In search of better energy Joaquim Ferreira, temperature in winter and summer,
performance in the Portuguese
25 buildings-The case of the et.al., Energy Pohcy Interior and exterior thermal
Portuguese reculation 39 (2011) 7666-7683 insulation, Better glazing systems,
g g Shading elements Light colored
exterior walls, Trombe wall
Zero energy balance and zero A. Ferrante, et.al., Hvbrid trolled tilati
on-site CO2 emission housing Energy and ybrid - controlied ventiation
26 development in the Mediterranean | Buildings 43 (2011) ;Z:ftcﬁgﬁgg(ﬁ]y bﬂ:ﬁecrciéchntﬂatcd
climate 2002-2010 > ’
Energy use in the life cycle of {én e?artoarril, det.al., Operating energy, Embodied
27 conventional and low-energy Buil d%ry1 s 39 (2007) energy, Solar house, Primary
buildings: a review article 249725%7 - energy,
Ambrose Dodoo,
Building energy - efficiency etal. Enerav and Life cycle primary energy, Electric
28 standards in a life cycle primary e gy heating, District heating, material,

energy perspective

Buildings 43 (2011)
1589-1597

Ventilation

,52,




Investigation of energy

Andreas Molin,
et.al., Energy and

Super-insulation, Ventilation unit,
Ventilation heat recovery efflclency,

29 performance of newly built el >
- s . Buildings 43(2011) Window, Airtightness, Geographical
low-energy buildings in Sweden | 9g99 9g3) situation, Wall, Roof,
Laurent Georges,
S)vr(lx) dth:tol\)/rezpirl ln;:irvagl(ﬁ% uobfe et.al., Energy and Renewable energy integration,

30 b Buildings, Stove, Weather conditions, Thermal
investigation using detailed 20-12-9012 Accepted | comfort
dynamic simulations Manusecri b

anuscript
Energy-efficient terrace houses in Maria Wall, et.al,, Ventilation, Space heating,
< . . Energy and Domestic hot water supply, Exterior
31 r&’n‘g:gs;én?g:gamns and Bulldmgs 38 (2006) wall, Roof, Ground floor, Windows,
627-634 door Window type, Occupdncy
Life cycle assessment of a oddbjorn Dahlstrom, agllﬁg &g;gga{tgrazgagggfsoﬁf&
single-family residence built to et.al., Energy and ' < ’ f

32 either conventional-or passive Buildings 54 (2012) g?&gﬁalﬁ;?ggghagggﬁ e?gggﬁ?;
house standard 470-479 Ventilation, Air leakage,

23 EKF based self-adaptive thermal Stagimcll‘,nclj Flgf;d Ventilation, Heating and cooling
model for a passive house B{lilaings 2gOyl2 load

Amborse
Life cycle primary energy Dodoo,et.al.,

% implication of retrofitting a Resource, P rg?e‘gly Rgg?g\’\\lfl }éeo‘i; SSHBE;IOS;S
wood-framed apartment building Conservation and ]bf‘,{(ternal walls, Hréat recover
to passive house standard Recycling 54 (2010) v

1152-1160
The potential and need for S.P. Bjarlov, etal,

35 energy saving in standard family Building and Thermal insulation, CO2 emission,
detached and semi-detached Environment 46 Wall, Roof, Floor, Window, door
wooden houses in arctic Greenland | (2011) 1525-1536
Financial viability of Thermal envelope External walls,
eneray—etficienc Sincasurcs in% Arto, et.al., Applied Roof, Floor, External doors,

36 ewgget' hed hyu e Energy 92 (2012) Windows Airtightness, Air change,
% land ac OGS RPN = Ventilation air heating, Financial

tnian calculations, Heat pump

=, = e} = [e) e o = =
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Technical Factors

through literature analysis
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<Fig. 4.1> Extraction results of technical critical success factors




I~

412 &8 ¥4 239 u#

23 BAA9E E33e] <Table 4.3>3 #o] 1871A 714 A+ L
w, olE A& Ho ot ZEstav 2 A3 FA
& 78S Yol 27HE ddA, UM Sy dad F

<Table 4.3> Extraction results of technical critical success factors and

technology areas through the literature analysis

Division Technical CSFs Section
1 Insulation Skins
2 Air tightness Joints
3 Ventilation system Ventilation
4 Temperature difference Whole
5 Energy effectiveness(Energy Wholé
Balance)
6 Integrated management Whole
7 Cooling and heating System Equipment
8 Heat source Equipment
9 Windows Windows System
10 Air quality Inside
11 Thermal bridges Joints
12 Energy cost Whole
13 Renewable energy Applicationt;oge technology
14 Component technology Wall, Floor, Joints
15 Heating system Equipment
16 Carbon reduction Whole
17 Residential environment Location
18 Comfortableness Inside
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<Table 4.4> Overview of the case study project

Division Project Title Case Project

Sports Center

1 Passive House Unterschleilheim
(Bayern)

PHI-ID 0007

Office Building

9 Passive House

Bremen(Bremen)
PHI-ID 0045

Passive House
3 Wangersen (Niedersachsen)
PHI-ID 0060

Passive House

4 Overath Heiligenhaus

(Nordrhein-Westfalen)
PHI-ID 0842

Passive House
5 ScheBlitz (Bayern)
PHI-ID 0878

Passive House
6 Ismaning (Bayern)
PHI-ID 4209
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<Table 4.5> Extraction results of technical critical success factors

through case studies

Division Application technology of case Critical success factors of the
project technical aspects
Envelope(wall, roof, floor, windows,
o - Component technology
doors), Lighting and plug loads, o
. . - Space airtightness
Case 1 Materials, Airtightness, Heat recov- .
o . . - Heat recovery device
ery ventilation, cooling, Exterior and o
. .. . - Ventilation system
interior insulation
Envelope, = Window, Door, Summer . L
. . 3 - Heating and ventilation
Conditioning, Heating and Ventila— ]
Case 2 ) ) - Joints technology
tion, Foam under footings, Wall,
- Roof system
Roof
— Insulation performance
Ground(completely  thermally isolat- | — Materials procurement
c 3 ed) , Thermal bridge, Envelope(wall, | — Precision Construction(construct—
ase
roof) Windows, Moisture Manage- ability)
ment, Insulation etc. — Design team collaboration
- Review of MVaterials application
Air tight construction, Shading dev-
ices, Thermal mass, Heat pump spa- | - Optimized ventilation
C 4 ce heating, High efficiency water | - Exhaust systems
ase
heating, lighting and appliances, Slab, | - Temperature balance
Wall, Roof, Windows, improved com- | - Equipment system availability
fort
Wall assembly, Air-barrier, Windo- | - Window Performance
Case 5 | ws, Glass performance, Lighting, | - Heat pumps
Mechanical, Cost,j Insulation, - Equipment system
Envelope(Wall, rool, slab, Glazing), . )
. . L . - Heating and cooling systems
Infiltration, Ventilation, Heating and
] ) - Seasonal temperature balance
Case 6 | Domestic Hot Water, Interior com- .
. . - Heat recovery ratio
fort, Heat Recovery, Relative Humi- )
dit - Heating system
1Ly,
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<Table 4.6> Extraction results of technical critical success factors

through expert interview

Division Technical CSFs Section
Economics of equipment .

1 Equipment
system

2 Simplicity of equipment system Equipment

Receptivity of equipment .

3 Equipment
system

4 Ventilation system Ventilation

5 Energy cost Whole

6 Cooling and heating loads Equipment

7 Energy balance Whole

3 Linkage of des.ign and Whole

construction

9 Insulation Skins

10 Insulation materials Skins

11 Design quality Whole

12 Construction quality Whole

13 Cooperation .between Each Whole
Field

14 Interdisciplinary Collaboration Whole

15 Engineer Expertise Whole

16 Ecology Location

17 Facilities Value Whole

18 Sunshine Location

19 Sustainability Whole

T Bal
20 emperature Balance between Internal space

Season
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orkshops F383t9 o, 1 7|8+ <Table 4.7>3

<Table 4.7> Overview of Expert Workshop

Division Contents

Period 6" October 2014

- Registered Architect 1

- PhD. 1
Participants
- Mechanical Professional Engineer 1
- Researcher 2
Systematic classification according to the scope
Method

and purpose for each critical success factors

Workshop =3 23}= <Table 4.8>3 7t}

<Table 4.8> Classification result according to the scope and purpose

of technical critical success factors

Divisi . e
Technical CSFs Application scope Purpose
on
1 Insulation performance External(Skins) Ensure the insulation
performance
e External(Skins), Ensure the airtightness
2 Alrtightness Internal performance
3 Ventilation System Eqmpmse;l;genternal) Ensure the comfort
Air Circulation (Indoor door, Equipment(Internal)
4 etc.) space Ensure the comfortableness
Energy effectiveness(Ener: .
5 8y 8y Internal Ensure the economic
Balance)
Ensuring economic efficiency
6 Integrated management Internal and External of design and construction
7 Cooling and heating Equ1pm§1:r)1at£1€nternal) Comfortableness
Heat source (radiant heat, Equipment(Internal . ..
8 body heat, etc.) and External) Economic efficiency

,60,




9 Windows System External Economic efficiency
10 Air quality Internal Comfortableness
. External boundary Economic efficiency,
1 Thermal bridges section Comfortableness
12 Energy cost Internal Economic efficiency
13 Renewable energy External Maintainability
14 Se(gvg?ll;ta%] (;Eighlé?é(.))gy Internal and External Constructability
15 Heating system Internal Maintainability
. Maintainability, Economic
16 Carbon reduction Internal and External officiency
17 Residential environment External(Location) Comfortableness
Economics of equipment . Energy effectiveness,
18 quip Equipment(Internal) sy ¢ .
system Economic efficiency
Simplicity of equipment . Economic efficiency,
19 system Equipment(Internal) Maintainability
R tivit, f i t i . . . ..
20 ceep 1V1S};S(zenelqulpmen Equipment(Internal) Maintainability, Receptivity
21 Cooling and heating loads Equipment(Internal) Comfortableness
22 Energy balance Internal Energy effectiveness,
Linkage of design and Constructability,
23 construction Internal and External Maintainability, Durability
; : Ensure the insulation
24 Insulation performance External(Skins) periorMEke
25 Insulation materials External(Skins) Ensure the insulation
performance
Comfortableness
Desi li I 1 E 1 A -
26 esign quality nternal and Externa Maittainability
5 . Comfortableness,
27 Construction quality Internal and External Maintainability
Cooperation between Each Constructability, Economic
28 Field Internal and External efficiency
29 Interdisciplinary Collaboration | Internal and External Technical ability
30 Engineer Expertise Internal and External Technical ability
31 Ecology External(Location)) Comfortableness
32 Facilities Value Internal and External Economic efficiency
. . Economic efficiency,
33 Sunshine External Maintainability
34 Sustainability Internal and External Maintainability
Temperature Balance . .
35 P External Maintainability

between Season
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Level 2

Equipment System(IF-CSF1)

Ventilation System(IF-CSF2)

Energy Cost(IF-CSF3)
Level 1

Passive House
Internal Factors

Air Quality(IF-CSF6)

Component Technology(IF-CSF7)

\ |
\ |
| Cooling and Heating System(IF-CSF4) |
| Energy Balance(IF-CSF5) |
\ )
\ l
\ |

Internal Airtightness(IF-CSF8)

| Insulation(EF-CSF1) |

/ | Insulation and Airtightness Materials(EF-CSF2) |

| Ecology(EF-CSF3) |
Level 0 ¥ Sunshine(EF-CSF4) |

\ Sustainability(EF-CSF5)

Sl : Passive House / ‘ Temperature Balance between Seasons(EF-CSF6)
Factors of Passive ExternallEactors ¢

House Technical Parts

External Airtightness(EF-CSF7)

Renewable Energy(EF-CSF10)

|
)
|
Windows System (EF-CSF8) \
|
\
|

N
( Thermal bridges(EF-CSF9)
[
[

Housing Environment(EF-CSF11)

I‘nterface of Design and Construction(CMF-CSF1)

| Design Quality(CMF-CSF2) J
[ Construction Quality(CMF-CSF3) |
\
{
\
\
\
I
\

Cooperation between Each Field(CMF—CSF4)‘

Interdisciplinary collaboration(CMF-CSF5) J

Passive House
Construction Management{ |
Factors

Engineer Expertise(CMF-CSF6) ‘

Facilities Value(CMF-CSF7)

|
Integrated Management(CMF-CSF8) |
Heat Source(CMF-CSF9) \

Component Technology(CMF-CSF10) ‘

‘Carbon Reduction Technologies(CMF-CSF11) ‘
<Fig. 4.7> Establishing hierarchy structure of passive house technical

critical success factors
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49> Overview of the expert survey

Contents

20" December 2014 - 20" January 2015

- Europe Certified Passive House Designer (CPHD) 25

analysis

<Table
Division
Period
Participants
P - PH engineer 5
Survey Importance
purpose

of the
technical critical success factors

German passive

45.2.2 AEZAA T4

Level 1] ot AZ=2AMA] 42 <Table 4.10>3} Z-t},

[e]

<Table 4.10> Configuration of the expert survey for Level 1

Division

Level 1

Importance Criterions

2

3

4

Passive House
Internal Factors

,6’77




Level 20 tigh A E2AA] F A H5}5-
2 <Table 4.11>3} 2t}

<Table 4.11> Configuration of the expert survey for Level 2

Division

Level 1

Level 2

Importance Criterions

2 3 4

Passive
House
Internal
Factors

Equipment System
(IF-CSF1)

Ventilation System
(IF-CSF2)

Energy Cost
(IF-CSF3)

Cooling and Heating
System (IF-CSF4)

Energy Balance
(IF-CSF5)

Air Quality
(IF-CSF®6)

Component
Technology
(IF-CSF7)

Internal Airtightness
(IF-CSF83)
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4523 AT AEXA 23
Level 19] 37FA W59} Level 20 W3t A&7 AEFAS B3 5

2% BAA%E 4 WEe by

Level 19 tigt 2% BAZA3E= <Table 4.12>3 2t} Fo| wp=w
BE W9 eEe] FoEF B YEgoy 1 F djAHE S~ A
!

4457 7+ = vrebsk

<Table 4.12> Expert survey results for Level 1

... Geometric
Division Level 1 Mean Rank
1 Passive House Internal Factors 4.16 3
2 Passive House External Factors 4.24 2
Passive House Construction
3 Management Factors 445 1

<Table 4.13> Expert survey results for Level 2(Internal Factors)

Level 1 Level 2 Geometric Mean | Rank
Equipment System (IF-CSF1) 3.27 7
Ventilation System (IF-CSF2) 443 2
Energy Cost (IF-CSF3) 3.08 8
Passive : :
House Cooling a(nI% 7}(13686112‘.‘14n)g System 361 5
Internal
Factors Energy Balance (IF-CSF5) 4.09 3
Air Quality (IF-CSF6) 4.06 4
Component Technology (IF-CSF7) 3.46 6
Internal Airtightness (IF-CSF8) 454 1
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QF-A gRlEd W Fa%E $AA M= <Table 4.14>>9F Zow %
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FEQ FS A2F(468), Eu(464), TFEAH(446), 71HEAH(4.42)9] T8

<Table 4.14> Expert survey results for Level 2(External Factors)

Level 1 Level 2 Geometric Rank
Mean
Insulation
(EF-CSF1) 446 3
Insulation and
Airtightness Materials 3.87 5
(EF-CSF2)
Ecology
(EF-CSF3) 2.76 1
Sunshine
(EF-CSF4) R R
Sustainability (EF-CSF5) 2.82 10
P}ell(s)alsvee Temperature Balance
between Season 3.36 8
External (EF-CSF6)
Factors
Airtightness (EF-CSF7) 442 4
Windows System
(EF-CSF8) 468 1
Thermal bridges
(EF-CSF9) 464 2
Renewable Energy
(EF-CSF10) 291 9
Housing Environment
(EF-CSF11) 344 7

4) Level 2 3jA] B3}

[e)
o
AXdRE A Qoo 3t F8 % BEAANE <Table 4.15>¢ zZom,
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dir
X
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<Table 4.15> Expert survey results for Level 2(Construction
management Factors)

Level 1 Level 2 Geometric Mean Rank
Interface of Design and 386 6
Construction(CMF-CSF1) :

Design Quality
(CMF -CSF2) 416 4
Construction Quality (CMF 457 1
Cooperation between Each
Field 4.45 2
(CMF -CSF4)
Interdisciplinary
) Collaboration 4.34 3
Passive (CMF -CSFb5)
House 8 .
Construction Engineer Expertise (CMF 387 5
Management ~CSF6)
Factors Facilities Value 305 10
(CMF -CSF7) P
Integrated Management
(CMF —CSF8) 362 7
Heat Source
(CMF -CSF9) 5.2 9
Component Technology
(CMF ~CSF10) 3.24 8
Carbon Reduction
Technologies 2.66 11
(CMF -CSF11)
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<Fig. 4.9> Priority for Level 2 category
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<Table 4.16>Comparison with Certification criteria for Passive House

Level 1 Level 2 PHPP Remarks
. _ Window/Door Including
Equipment System (IF-CSF1) frames tem
Ventilation
P _ system Matching
Ventilation System (IF-CSF2) Heat recovery “tom
efficiency
_ Heating demand/ | Including
Passive Energy Cost (IF-CSF3) Electricity tom
House Cooling and Heating System Heating/Cooling Matching
Internal (IF-CSF4) Summer comfort item
Factors :
Energy Balance (IF-CSF5) Boiler In(i}[grdrllng
: : | Ventilation Including
Air Quality (IF-CSF6) sviah “tem
Component Technology (IF-CSF7) Components M?Egrlﬁng
Internal Airtightness (IF-CSF8) Airtightness M?,Egging
Insulation Insulat%on Matching
(EF-CSF1) Insulation itdm
materials
Insulation and Airtightness Materials Insulation Matching
(EF-CSF2) materials item
Primary energy .
Ecology Including
(EF-CSE3) factorge item
CO, emission
Sunshine k Including
(EF-CSF4) Shade item
Passive Sustainability (EF-CSF5) CO; emission | ncluding
House : : item
External Temperature Balance between Season Coohp g/Heatmg Similar
Factors (EF-CSF6) Design indoor item
temperature
Airtightness (EF-CSF7) Airtightness M?Eggng
Windows System (EF-CSF8) Windows M?Egrkgng
Thermal bridges (EF-CSF9) Thermal brideges M?,Egging
Renewable Energy (EF-CSF10) Solar DHW S%{relﬂ]ar
Housing Environment (EF-CSF11) Climate Data Inciltleliing
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Level 1

Level 2

PHPP

Remarks

Passive
House
Construction
Management
Factors

Interface of Design and
Construction(CMF-CSF1)

New item

Design Quality

Design indoor

Similar item

(CMF -CSF2) temperature
Constructlgn (%Lée)\hty (CMF B New item
Cooperation between Each
Field - New item
(CMF -CSF4)
Interdisciplinary
Collaboration - New item
(CMF -CSF5)
Engineer _Eé(splglét)lse (CMF B New item
Heat recovery
efficiency
Facilities Value Energy performance Including
(CMF -CSF7) indicator of the heat item

generator

Ventilation system

Integrated Management
(CMF -CSF8)

Building service
supply systems

Similar item

Heat Source
(CMF -CSF9)

Heat generator

Heat Storage

Similar item

Insulation materials

U-Value of opaque

Component Technology W Including
(CMF -CSF10) building components item
and windows and
doors
Carbon Reduction Includi
Technologies CO, emission ncittelning

(CMF -CSF11)
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<Fig. 4.10> Passive house performance evaluation criteria process

through the function analysis
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<Table 4.17> Overview of the function analysis workshop

Division Contents

Period 5% January 2015 ~ 6% January 2015

- Certified Value Specialist (CVS) 1
— Registered Architect 1

- Building Professional Engineer 1

Participants . ) .
- Mechanical Professional Engineer 1
- Mechanical Engineer 3
- VE Coordinator 2
- Systematic  functional  analysis(Function
Definition and Classification, FAST Diagram,
Functional Evaluation) about the each critical
success factors for Gl(nternal), G2(External),

Method

G3(Construction Management), G4(Equipment
System)

- Perform function analysis in terms of

technical critical success factors
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<Table 4.18> Function definition and classification result for
PH system G1 (Internal)

. el Function
Target etaEini D s Classification R K
(PH System) Verb N Basic | Secondary emar
< L Function | Function
Ensure Insulation [ ) G1-1
. % Performance of _
Optimize ) o G1-2
G1 Add System o G1-3
(Internal) Ensure Airtightness o Gl1-4
Block Heat o G1-5
- 1. Application N
Optimize aferiald (] G1-6

<Table 4.19> Function definition and classification result for
PH system G2 (External)

. . Function
Target RunctiofsllChaiion Classification R I
(PH System) Verb ~ Besic | Secondary emar
er oun Function | Function
Ensure Indoor comfort (] G2-1
Increase Maintainability o G2-2
G2 Add Function o G2-3
.. Application _
(External) Optimize materials [ ) G2-4
. . Space _
Diversity configuration o G275
Block External noise [ ) G2-6
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<Table 4.20> Function definition and classification result for

PH system G3 (Construction Management)

Function Definition Furllc.tlor}
Target Classification Remark
(PH System) Verb Noun Basic | Secondary
Function | Function
Reflects Function (] G4-1
. Passive House _
Optimize design (] G4-2
G3 Unify Management o G4-3
(Construction system
Management) Other passive B
Connect house part o G4-4
Reflects Usability o G4-5
Passive house _
Implement performance o G4-6

<Table 4.21> Function definition and classification result for

PH system G4 (Equipment Sytem)

Function Definition Furllc.tlor}
Target Classification Remark
(PH System) Verb Noun Basic | Secondary
Function | Function
Transfer Heat o G3-1
Adjust Capacity o G3-2
G4 Integrate System o G3-3
(Equipment . Proper B
System) Maintains ol 2T o G3-4
Adjust Temperature (] G3-5
Application _
Change system o G3-6

2) 71's4 21 (FAST Diagram)
F A3Z How?9 Why?9 =% #A we} 149

s B

3l Ay= <Fig. 4.12>¢ 2t}

,80,




«— Why?

Implement Connect Maintains
passive house other passive proper
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<Table 4.22> Function evaluation result for PH system Gl (Internal)

(F6)

Target Function
(PH S g tem) Function Definition Evaluation(Average)|Choice
ystem 1]2]3]4]5
Ensure insulation (F1) @ | Adoption
Optimize Performance of .
windows (F2) ® Adoption
G1 Add System (F3) o
(Internal)  |Ensure Airtightness (F4) @ | Adoption
Block Heat (F5) o
Optimize Application materials ® | Adoption
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<Table 4.23> Function evaluation result for PH system G2 (External)

T Fqnction
(PH aérgett ) Function Definition Evaluation(Average) Choice
ystem 112|3]4]|5
Ensure Indoor comfort (F1) @ | Adoption
Increase Maintainability (F2) @ |Adoption
G2 Add Function (F3) o
(External) %)Ppﬁmlze Application materials @ |Adoption
Diversity Space configuration P
(F5)
Block External noise (F6) () Adoption

G3(dddg) = “PHEAS HAZIHR'S HIEs| 4717 7%l
A A

<Table 4.24> Function evaluation result for PH system G3 (CM)

T o Function
B Function Definition |EValuation(Average)|cpoice
Reflects Function (F1) o Adoption
E)szt;mwe Passive House design @ | Adoption
Unify = Management  system
G3  F3) d
(Construction -
) Connect Other passive house @ | Adoption
Management part (F4)
Reflects Usability (F5) o
Implement Passive house .
performance (F6) @ | Adoption
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<Table 4.25> Function evaluation result for PH system G4 (ES)

T F1_1nction
(PH aérgett ) Function Definition Evaluation(Average) Choice
ystem 1123|415
Transfer Heat (F1) ) Adoption
Adjust Capacity (F2) [ )
G4 Integrate System (F3) @ | Adoption
(Equipment —
System) 1(\{;[‘21111)nta1ns Proper temperature @ |Adoption
Adjust Temperature (F5) (] Adoption
Change Application system P
(F6)
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o
e

F4 R AHgAe) gl o
& 8T 9 /e sebst F % AEFES] Workshop Fohe] 24

F o erES AP Aotk YeFEe YFAH Adel aTHE A

t}. Workshop 7} 2.+ <Table 4.26>3} 2t}

<Table 4.26> Overview of Workshop

Division Contents

Period 19" January 2015 ~ 20" January 2015

- Registered Architect 2

- Certified Value Specialist (CVS) 1
Participants - Mechanical Professional Engineer 1
- Mechanical Engineer 2

- Researcher 2

Extracting critical performance standard after
Method

explaining the function analysis results
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<Table 4.27> Performance indicators extraction results through the workshop

Divisio Key . . Key Performance
. Technical requirements .
n function Indicators
Super insulation
1 Insulation Secure skins insulation Constructability
performance Adequacy of insulation material Special areas (thermal
bridges block)
. . Window Performance
High performance window system o
. o Airtightness Performance
Windows High performance airtightness . .
2 ) ) Wind Resistance
performance Functional window structure L
.. .. Special areas (temperature
Heat transmission coefficient o
maintain)
| Thermal bridges block
3 Indoor Ventilation structure Ve Svst
- . entilation System
comfort Heat Ventilation Systems F
Noise block
. Super airtightness materials Material performance
Maintenance X . . ]
4 Super insulation materials Equipment performance
Performance f ]
Equipment system Energy effectiveness
Precision Construction (windows, .
Heat transfer ) Heat transfer capability
5 . skins) ;
capability ) [ Material performance
High performance materials
. Temperature control
Temperature Temperature maintenance -
capability
6 control technology )
. . o . Energy recovery ratio
capability Insulation and airtightness material -
Heat loss coefficient
High performance window )
. Materials performance
. . Ventilation performance o
7 Functionality Ventilation System

structure system
Materials characteristic

Window Performance

,85,
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2 & (Importance) Yol =(Difficulty) & HAE 53 A==z AHAZ $F ol &
FEstel AAolnE A, AL A% BYNES G 2k
1) IxD = 20 o] : w$

2) IxD = 163 oA : A%

t

3) IxD = 165 ol& : F-4 9

<Table 4.28> Performance indicators extraction table

Importance(I) Difficulty (D)
Performance P y i Cho
Indicator | 4 | 5] 3| 4| 5| 1| 2| 3| 4|5 -ice
PH-PIO1 Super insulation
PH-PIO2 Constructability
Wind
PH-PI03 neow
Performance
PH-PIOA Airtightness
Performance
PH-PIO5 | Wind Resistance
PH-PIO6 Thermal bridges
block
Ventilation
PH-PIO7
System
PH-PIOS Noise block
Material
PH-PI09 arena
performance
Equipment
PH-PI10
performance
E
PH-PI11 nerey
effectiveness
H f
PH-PI12 eat tre‘lr‘ls er
capability
Special areas
PH-PI13 precision
construction
PH-PI14 Temperatur'e'
control capability
PH-PII5 Energy rfecovery
ratio
Heat 1
PH-PI16 e oss
coefficient
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<Table 4.29> Examples of Performance indicators selection

Division PI I D IxD Choice
PH-PIO1 Super insulation 5 5 25 o
PH-PIO2 Constructability 5 4 20 [ )
PH-PIO3 Window Performance 5 4 20 ([
PH-PIO4 Airtightness Performance 4 5 20 ®
PH-PIO5 Wind Resistance 3 4 12

PH-PI06 Thermal bridges block 5 5 25 o
PH-PIO7 Ventilation System 5 4 20 o
PH-PIO8 Noise block 3 4 12

PH-PIO9 Material performance 4 4 16 [ ]
PH-PI10 Equipment performance 5 %] 15

PH-PI11 Energy effectiveness 5 4 20 o
PH-PI12 Heat transfer capability 5 3 15

PH-PI13 Special areas I?recision 5 3 15

construction
PH-PI14 Temperatur.e. control 4 5 20 °
capability

PH-PI15 Energy recovery ratio 4 5) 20 o
PH-PI16 Heat loss coefficient 5 3 15

Super insulation
25 &

Hest loss coefficent Constructability

Eneroy recovery rio Window Performance
gY ¥

Temperature control

Airtightness Perfor mance
capabily

Special aress precision
construction

Wind Resigance

Heat transfer capabiity Thermal bridges block

Energy effectiveness Ventiiaion System

Equipment performance MNoise biock

IMaterial performance

<Fig. 4.13> Result of Quality Model (QM)
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A B AR &84S AASY] #ste] =l CPHD(Certified
Passive House Designer)dl Al AEZAME AAggen, 71 7/Mae

<Table 4.29>¢} #t}.

<Table 4.30> Overview of domestic CPHD survey

Division Contents
Period 29" June 2015 ~ 10™ July 2015
Participants Certified Passive House Designer 17

Investigation for suitability and evaluation
Method

standard of the evaluation items

o AW AW FEe) AFAL <Fig A14>9h o] A 1TH F

65%21 119o] Agstta stk g AR @k 4@

Adequate Inadequats

<Fig. 4.14> Suitability of performance evaluation items
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Adequate Inadequate

<Fig. 4.15> Suitability of evaluation standard
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Fragebogen zu Wohnerfahrungen 1m

Passivhaus

Sehr geehrte Bewohner und Bewohnerinnen,

Um es zu untersuchen, inwieweit Sie mit dem Passivhaus zufrieden sind,
mochte ich Ihnen einige Fragen stellen. Ich ware lhnen sehr dankbar, wenn
Sie die folgenden Fragen beantworten wirden. Die Informationen, die Sie
angeben wiuirden, werden nur fir meine akademische Forschung benutzt
werden.

Vielen Dank fiir Ihre freundliche Mithilfe!

Prof. Dr. Hae Jo Chung
Pukyong National University,
Busan, South Korea

Fragen

11 GroBe Iher Wohnung? m’

1.2 Anzahl der Personen im Haushalt Personen(inkl. Kinder)
1.3 Wert Iher Wohnung? Ungefahr EUR

14 Jahreseinkommen (J <25.000 O 25.-50.000 O 50.-75.000,
() >75.000 EUR
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Geben Sie im Folgenden bitte an, wie zufrieden Sie mit den genannten

Aspekten im Einzelnen sind.

gar nicht
zufrieden

weni
zufrie

teils-
teils

den

ziemlich
zufrieden

vollig
zufrieden

2.1  Oberflichenddmmung
der Wande

2.2 Luftdichtheit der
Wande

2.3 Larmdamung/Akustik

2.4 Menge an Tageslicht

2.5 Kinstliche Beleuchtung

2.6 Bequemlichkeit der
Luft des Innenraums

2.7 gefiihlte Temperatur/
Warme im Sommer

2.8 gefihlte Temperatur/
Warme im Winter

2.9 Warmedammung des
Fensters

2.10 Luftdichtheit des
Fensters

2.11 Warmebrickenfreiheit

trifft
gar nicht
zu

trifft
wenig
zu

teils-
teils

trifft
ziemlich
Zu

trifft
vollig
zu

3.1 Ich kenne die Funktions-
weise vom Passivhaus.

3.2 Ich glaube, dass man mit
einem Passivhaus Energiesparen
kann.

3.3 Ich glaube, dass Passivhaus-
er gut fir die Umwelt sind.

34 Ich denke, dass die finan-
zielle Unterstltzung fur das
Passivhaus vollstandig ist.
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Survey on Technical Critical Success Factors

of Passive House

Dear Sir, we are carrying out research on the passive houses.

As a result, we extracted technical critical success factors (CSFs) of
the Germany Passive House (Fig. 1).

This survey perform to estimate the importance for extracted technical
CSFs of the passive house. Please judge the importance for the Level
1 and Level 2.
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Level 2

Equipment System(IF-CSF1)

Ventilation System(IF-CSF2)

Energy Cost(IF-CSF3)
Level 1

Passive House
Internal Factors

Air Quality(IF-CSF6)

\
\
Cooling and Heating System(IF-CSF4)
9 9oy
\
\

Component Technology(IF-CSF7)

|
|
)
|
Energy Balance(IF-CSF5) |
|
|
|

| Internal Airtightness(IF-CSF8)

| Insulation(EF-CSF1) |

\ Insulation and Airtightness Materials(EF-CSF2) I

‘ Ecology(EF-CSF3) ‘
Level 0 A Sunshine(EF-CSF4) |

\ Sustainability (EF-CSF5)

Critical Success Passive House J ‘ Temperature Balance between Seasons(EF-CSF6)
External Factors 5

Factors of Passive
House Technical Parts

External Airtightness(EF-CSF7)

Thermal bridges(EF-CSF9)

|

|

\ |
O\ Windows System(EF-CSF8) |
N I

\ |

Renewable Energy(EF-CSF10)

\ Housing Environment(EF-CSF11) \

A Design Quality(CMF-CSF2)
[ Construction Quality(CMF-CSF3)
\
{
I
l
l
|

Interface of Design and Construction(CMF—CSFl]
\

Cooperation between Each Field(CMF—CSF4)\

Interdisciplinary collaboration(CMF-CSF5) J

Passive House
Construction Management| —{
Factors

Engineer Expertise(CMF-CSF6) ‘

Facilities Value(CMF-CSF7)

|
Integrated Management(CMF-CSF8) |
Heat Source(CMF-CSF9) \

Component Technology(CMF-CSF10) ‘

"Carbon Reduction Technologies(CMF—CSF11)|

Fig. 1 Hierarchical Structure Model for PH Ciritical Success
Factor

Importance Definition Remark

Very low Importance

Low Importance

Normally Importance

High Importance

Dn AW N

Very High Importance
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1) Level 1

Survey

Division Level 1

Importance  Criterions

1 2 3 4

Passive

Passive House Internal Factors

House
3 Passive House External Factors
Technical
factors Passive House Construction
Management Factors
2) Level 2 Survey

(1) Passive

House Internal Factors

Division

Level 2 Importance  Criterions

1 2 3 4

Equipment System (IF-CSF1)

Ventilation System (IF-CSF2)

Energy Cost (IF-CSF3)

Cooling and Heating System (IF-CSF4)

Passive  House
Internal Factors

Energy Balance (IF-CSF5)

Air Quality (IF-CSF6)

Component Technology (IF-CSF7)

Internal Airtightness (IF-CSF8)
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(2) Passive

House External Factors

Division

Level 2

Importance

Criterions

1 2

3

4

Insulation (EF-CSF1)

Insulation and Airtightness Materials (EF-CSF2)

Ecology (EF-CSF3)

Sunshine (EF-CSF4)

Sustainability (EF-CSF5)

Passive  House

Temperature Balance between Season (EF-CSF6)

External Factors

Airtightness (EF-CSF7)

Windows System (EF-CSF8)

Thermal bridges (EF-CSF9)

Renewable Energy (EF-CSF10)

Housing Environment (EF-CSF11)
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(3) Passive House Construction Management Factors

Division

Level 2

Importance Criterions

2

3

4

Passive  House
Construction
Management
Factors

Interface of Design and Construction CMF-CSF1)

Design Quality (CMF-CSF2)

Construction Quality (CMF-CSF3)

Cooperation between Each Field (CMF-CSF4)

Interdisciplinary Collaboration (CMF-CSF5)

Engineer Expertise (CMF-CSF6)

Facilities Value (CMF-CSF7)

Integrated Management (CMF-CSF8)

Heat Source (CMF-CSF9)

Component Technology (CMF-CSF10)

Carbon Reduction Technologies (CMF-CSF11)
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