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1 Introduction | Einleitung

Because a separate heating system is not neces-
sarily required in Passive Houses, high demands
are placed on the quality of the building components
used. The colder the climate, the higher the require-
ments for the components. To cover this, PHI has
identified regions of similar requirements, and de-
fined certification criteria. These criteria are availa-
ble for free download at the website of the Passive

House Institute.

If the below summarized requirements are met and
a well-designed airtightness layer is proved, the la-
bel "Certified Passive House Component" can be
awarded by the Passive House Institute (PHI)

Passivhéduser stellen aufgrund der Méglichkeit, auf
ein separates Heizsystem zu verzichten, hohe An-
forderungen an die Qualitét der verwendeten Bau-
teile. Dabei steigen die Anforderungen, je kélter das
Klima ist. Darum hat das Passivhaus Institut Regio-
nen gleicher Anforderung identifiziert und fiir diese
Zertifizierungskriterien festgelegt. Die Kriterien sind
auf der Homepage des Passivhaus Instituts als kos-
tenfreier Download verfligbar.

Werden die unten zusammengefassten Anforderun-
gen erreicht und ist eine gut geplante luftdichte
Ebene nachgewiesen, kann ein Produkt als "Zertifi-
Zierte Passivhaus Komponente“ ausgezeichnet wer-

den.
Table 1: Adequate certification criteria
Climate zone Hygiene cri- Comfort crite- Efficiency criteria
terion rion
fRi=0.25 mekw =° U-value of the U-value Purely opaque de- Absence of ther-
installed win- opaque to am- tails mal bridges
dow’ < bient fRsi=0.25 mkw 2 W, <t
Uopaque * feri® <
[] [W/(m2K)] [W/(m2K)] [ [W/(mK)]

1 Arctic 0.80 0.45 (0.35) 0.09 0.90
2 Cold 0.75 0.65 (0.52) 0.12 0.88 0.01
3 Cool, temperate 0.70 0.85 (0.70) 0.15 0.86
4 Warm,temperate 0.65 1.05 (0.90) 0.25 0.82

1 applies for vertical windows with a test size of 1.23*1.48 m. The criteria for other transparent building com-ponents can be
taken from the relevant certification criteria. Value in brackets: respective reference glazing.

2 fg, pri: Reduction factor: always 1, exception: areas in contact with the ground and towards the unheated basement: 0.6

4 as a thermal bridge loss coefficient based on external dimensions and length. Specific constructions such as inner edges
are exempted from this criterion.

arktisches Klima | arctic

kaltes Klima | cold

kiihl gemaBigtest Klima | cold temperate

” warm gemaBigtest Klima | warm temperate

warmes Klima | warm

heiBes Klima | hot
sehr heif3es Klima | very hot
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2 Description of the certified system | Systembeschreibung

2.1 Opaque building envelop | Opake Gebéudehiille

Modular Straw-Timber frame Construction. Thick-
ness of straw panels is always 40cm. The straw is
pressed homogenously at 110kg/m3 in a double
wooden loadbearing timber frame 45x95mm. Top
and bottom of the panels are covered with plywood.
The flat, cut straw surface is visible inside and out-
side and when connecting the panels to each other.
Clay plaster can be applied directly to the straw on
the inside. The outside is covered with an airtight
membrane (see below) and a wood fiber board. The
wood fiber board can be plastered or a ventilated fa-
cade can be installed.

The system is based on an external insulated floor
slab.

2.2 Windows | Fenster

The certification was done with the window smartwin
solar I, which is a very slim phA-class window with
triple 18 mm argon glazing, Swisspacer Ultimate
spacer bar with PU secondary seal.

In No. 01, the window is installed in the center of the
wall.

In No. 02, it is installed in flush with the exterior
plaster.

In No. 03, the windows are installed right at the in-
ner edge, see certification report.

2.3 Airtightness concept | Luftdichtheitskonzept

A diffusion open, but airtight membrane with
sd<0,2m is wrapped on the outside of the straw dur-
ing construction. The membrane doubles as quick
weather protection during construction. The mem-
brane is taped to the airtight layer of the floor and
roof. The membrane is later covered with wood fiber
boards. The membrane is pulled to the inside at the
window openings. Windows are then taped to the
membrane.

3 Evaluation | Bewertung

The examined building system with the indicated
details meets the PHI criteria for Certified Passive
House Components.
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Modulares Holzrahmensystem mit 40 cm starker
Strohddmmung. Das Stroh wird homogen zu einer
Dichte von 110 kg/m? in eine doppelte, lasttragende
Holzkonstruktion aus 45/90 mm Kanthélzern einge-
bracht. Der obere und untere Abschluss der Module
besteht aus 12 mm Sperrholzplatten. Das geschnit-
tene Stroh ist innen und auBen sichtbar. Die Innen-
seite wird auf der Baustelle mit Lehm verputzt. Die
AuBenseite wird mit einer diffusionsoffenen Folie
und mit einer Holzweichfaserplatte verkleidet. Die
Weichfaserplatte kann verputzt, oder mit einer hin-
terliifteten Fassade verblendet werden. Das Dach
besteht aus Stegtrdgern mit Zelluloseddmmung.

Die Zertifizierung wurde mit dem Fenster smartwin
solar I, einem sehr schlanken Fenster der Klasse
phA durchgefihrt. Das Fenster ist mit 3-fach 18 mm
Argonverglasung mit Swisspacer Ultimate und PU
Sekundérdichtung ausgertistet.

Nr. 01 bezeichnet den Einbau des Fensters in der
Wandmitte.

Nr. 02 bezeichnet den Einbau blindig zum AuBen-
putz.

In Nr. 03 wird das Fenster nahezu innenbéndig ein-
gebaut.

Eine diffusionsoffene, luftdichte Membran (sd <0,2
m) wird auf die Rahmenkonstruktion aufgebracht
und mit der Holzweichfaserplatte verkleidet. Die
Membran wird mit Klebebdndern mit der luftdichten
Ebene des Daches (Ebenfalls eine Membran) und
des FuBbodens verbunden. Zum Anschluss an die
Fenster wird die Membran nach innen gefiihrt und
mit den Fensterrahmen verklebt.

Das untersuchte Bausystem entspricht den Anforde-
rungen an eine Zertifizierte Passivhaus Kompo-
nente.

I
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4 Summary of the results | Zusammenfassung der Ergebnisse

Efficieny driteria not achieved
Hygiene- or confortcriterion not achieved

Thermal bridge not calculated
Criteria achieved .
_________________ EWO01 External wall
L __________________ UWi(neK)] | 013
Thickness [m] 0.492
BMICOT | T
Ext.w .-inner corner ]
w WI/mK] 0.034
FReiz0,25 mew 0.98 //"'
EWECO01
Ext.w .-outer corner
W [Wi/mK] -0.089 wisl Eindow side
o 0.92 Typ 01 02 03
RS by [l 0062 | 0062 | 0.062
Bvwo1 T U, [WineK] 0.83 0.83 0.83
Ext.w .-internal wall ) . Floor plan w, [W/mK] 0.020 0.020 0.02
w WI/mK] -0.001 w, WimK] 0.006 | 0.023 | 0.009
freicozsmicw | 096 Freio0.25 mricW 0.84 0.83 0.85
ROVEO1 AWITO Window top
Verge /I Typ 01 02 03
w [W/mK] -0.071 be [M] 0.062 | 0.062 | 0.062
frsizoos maw | 0-92 { oy WimeK] 0.83 0.83 0.83
w, [W/mK] 0.020 | 0.020 | 0.020
EWCED1 f e WimK] 0.009 | 0.025 | 0.011
Bxtw -ceiling S —— ! fewommow | 084 | 083 | 085
w [W//mK] 0.007 . ] ) / ,WIBO Window bottom
frsicozs maw | 0-94 {0 ey Iml 0062 | 0.062 | 0.062
ROO1 /lu wmek] | 093 | 093 | 093
WITHO1 U [W/(reK)] w, [W/mK] 0.020 | 0.020 | 0.020
Window threshold ‘\\ Thickness [m] 0.478 ,,/' w,; [W/imK] 0.026 0.034 0.034
be [ 0.067 1 frossmuw | 084 | 081 0.81
u [WimeK]  1.03 U W/meK] | 0.81  [INOIBEIN 086
w, [W/mK] 0.020 L
w; [W/mK] 0.020 FSO01 Foorsieo| i
frsicozsmacw | 070 uw(reky | o018 | ff T
Uw, [W/PK] | 0.79 {Thickness [m] 0.360 | | .
< L
FsSwo1 | g%%\/(é/&\ X %é:\%gt@/g\;
Fl.slab-intern.w \$/<\ ///\§\7>\§/7\\\//>\é/\ I > g%:/\y
w W/mK] | -0.004 >\\>,§>;/\\>&\<, SR >/\:/)\/\> S
oo 0.92 @%’@\b T SN
Rsi=0,25 mK/W % \/\ /\ S \é\/\\//\/ W\gg&\/\ QLY e
""" R AR
| | | [ |

C

ECOCOCON UAB ECOCOCON Straw Panels 0867ws03
| Passive House Institute

Page5/7




ROEAO01 Eaves RORIO01 Ridge
W [W//mK] -0,030 W [W//mK] -0,030
fRsiz0,26 mekw 0,93 frsiz0,25 mekw 0,92

% SEIEIIIKK
RRRRR, ORI
QNN NS RIS
AN o A
, ///\\\///\\\//\\\///\\\///\\\///\\>/<\\ Longitudinal section - \///\\\///\\\///\\\///\\\///\\
/\/\/\\‘/Q/\\/\\/\< NSNS
/ R RN, RN
R e NG
/ NN N N N N N N N N N N NN OO SANAN
R R R A R R R R R R A AR ™
N
FSEWO01  Floor slab-ext.w.
W [W//mK] -0,059
fRsi=0,25 mekw 0,92

5 Using the results in the PHPP | Verwendung der Ergebnisse im PHPP

The following points are relevant for working with
the here presented results in the Passive House
Planning Package (PHPP):

For the system being certified here, the thermal
bridges in the regular construction of the build-
ings shell resulting from regularly occurring inter-
ruptions are already included in the U-values by
using equivalent thermal conductivities for the
materials of the interrupted layers. They do not
have to be considered further.

The results of the calculation of the linear ther-
mal transmittance are always determined based
on the external dimensions.

Additional point thermal bridges may have to be
taken into account.

Die folgenden Punkte sind fiir die Arbeit mit den hier
zusammengefassten Ergebnissen im Passivhaus
Projektierungs-Paket (PHPP:

* Die im reguléren Aufbau der Bauteile vorkom-
menden Wérmebriicken ist (iber dquivalente
Wérmeleitféhigkeiten der betreffenden Bauteil-
schichten bereits in den U-Werten der Konstruk-
tionen erfasst und miissen nicht weiter bertick-
sichtigt werden.

Alle linearen Wérmebrtiicken gelten fir den Au-
BenmaBbezug.

Zusétzliche punktférmige Wérmebriicken sind zu
berticksichtigen.

6 Legal information | Rechtliche Hinweise

The following information should be kept in mind
when planning and executing the detail solutions
documented in this report:

The detail drawings in this documentation are sche-
matic and might be to adapted for the specific con-

structions. Sealing of the construction against mois-
ture and the absence of condensation as well as the
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check of hydrothermal matters was not the subject
of this examination. Where necessary, this should
be carried out in accordance with the accepted tech-
nical standards. The responsibility for checking the
above mentioned points lies with the applicant for
the certification procedure and/or the user.
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The present documentation does not allow conclu-
sions to be drawn regarding other characteristics of
the examined construction that may determine its
performance and quality. In particular, this docu-
mentation is not a substitute for building authority
approval.

The scope of the examination and accountability of
the certification is limited to the testing routines with
regard to compliance with the stated criteria of the
Passive House Institute. A legal basis for making
any claims against the Passive House Institute
Darmstadt Dr. Wolfgang Feist based on the infor-
mation provided in this report is excluded

Die folgenden Informationen sind bei der Planung
und Ausfihrung der in diesem Bericht gezeigten
Details zu beachten:

Die Detailzeichnungen in diesem Bericht sind sche-
matisch und beispielhaft. Sie miissen evtl. auf die
Spezifika auszufiihrender Gebdude angepasst wer-
den. Hygrothermische Aspekte wurden im Rahmen
dieser Zertifizierung nicht betrachtet. Wo nétig soll-
ten diese Betrachtungen entsprechend den gliltigen
Regeln der Technik vorgenommen werden. Die Ver-
antwortung der Umsetzung oben genannter Punkte
obliegt dem Hersteller oder Anwender des Bausys-
tems.

Die vorliegende Dokumentation erlaubt keine Rlick-
schliisse auf andere, als die liberpriiften Punkte. Sie
stellt insbesondere keinen Ersatz fiir einen Bauauf-
sichtliche Zulassung dar.

Aus der Zertifizierung oder diesem Bericht und den
darin veréffentlichten Informationen kénnen keine
Anspriiche gegen das Passivhaus Institut Darm-
stadt Dr. Wolfgang Feist abgeleitet werden.

I
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Appendix 1: U-value of building assemblies

CERTIFIED
COMPONENT

pro Passivhausfenster GmbH: smartshell reno 1D: 0842ws03 for cool, temperate climate it i e

Acronym Building assembly description Interior insulation?
ROO1 "Roof

Heat transmission resistance [m2K/W]

Orientation of building element Adjacent to | 3-Ventilated interior Rg; 0,10 exterior Rg, 0,10

600

+
U-value determined by thermal simulation (see appendix 2)
length of model [m] A8 [K] thermal flux [W/m] U-value [W/(m2K)] g
0,600 30 1,8393
Equivlent conductivity of inhomogeneous layers
Material A [W/(mK)]  Description length [m]
Airgap, slightly vent. 0,250 |According to EN ISO 6946 0,100
Timber 0,130 |According to EN ISO 10456 (500 kg/m?3) 0,100
Equivalent conductivity ~ Airgap, slightly vent./ Timber  [W/(mK)] 0,1900

U-value determined according to PHPP
Material of Layer A [W/(mK)]  Description Thickness [mm]
0OSB-board 0,130 |According to EN ISO 10456 25,0
Cellulose/Joist 0,0438 lttertive determined to match thermal sim. 400,0
Airgap/Timber 0,190 |Equivlent conductivity of inhomogeneous layers 20,0
Airgap/Timber 0,190 |Equivlent conductivity of inhomogeneous layers 20,0
Gypsum plaster board 0,250 |According to EN ISO 10456 12,5

Total 47,8 cm

U-value: W/(mZK)




Acronym Building assembly description Interior insulation?

EWO1 External wall | ]

Heat transmission resistance [m2K/W]
Orientation of building element| 2-Wall Adjacent to 1-Outdoor air interior Rsi exterior F{se

. 1200 .

—

U-value determined by thermal simulation (see appendix 2)

length of model [m] A6 [K] thermal flux [W/m] U-value [W/(m2K)] ¥

U-value determined according to PHPP

Material of Layer A [W/(mK)]  Description Thickness [mm]
Clay plaster 0,910 |According to DIN 4108-4 density 1800 kg/m3 25,0
Straw / Timber 0,0645 lttertive determined to match thermal sim. 400
STEICO protect Typ H 0,050 |According to approval Z-9.1-826 60
Lime cement plaster 1,000 According to EN ISO 10456 7

Total 49,2 cm

U-value: W/(mZK)




Acronym Building assembly description Interior insulation?

FSO01 Floor slab \

Heat transmission resistance [m2K/W]

Orientation of building element Adjacent to interior Rsi exterior F{Se

y 1000 L
U-value determined by thermal simulation (see appendix 2)

length of model [m] A6 [K] thermal flux [W/m] U-value [W/(m2K)] ¢

1,000 30 5,3082 )
U-value determined according to PHPP
Material of Layer A [W/(mK)]  Description Thickness [mm]
Austrotherm XPS 0,037 |According to Z-23.34-1552 200
Concrete 1% steel 2,300 |According to ISO 10456:2007/2009 140
Artificial stone 1,300 According to ISO 10456 20
Total 36,0 cm

U-value:[ 0,1769 |wimx




Appendix 2: Thermal simulations | Warmestromsimulationen

|  Passive House Institute |

Wall and roof | Wand und Dach
Constructions to ground | Erdberlhrte Bauteile
Windows | Fenster



Wall and roof | Wand und Dach
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492

@, = 4.73427 W/m

1200
Material AW/(m-K)]
(O]
U — — 4.734 = 0.132 W/(mz'K) [ | Clay plaster | Lehmputz 4108-4 0.910
eqAB AT-b 30.000:-1.200 Lime cement plaster | Kalkzement Putz 1.000
B STEICO protect Typ H 0.050
Softwood, OSB | Weichholz, OSB 10456 0.130
Straw compressed 0.062
. 2 0 0 2
Boundary Condition q[W/m] 9[Cl R[(m -K)/W]
B Adiabatic 0.000
[ | Exterior | AuBen -10.000 0.040
Interior | Innen 20.000 0.130
L 600
0
N~
<
Material AMW/(m-K)]
B celulose 040 0.040
EQ-airgap-roof 0.190
Gypsum board | Gipskartonplatten 900 kg/m3 10456 0.250
1 T eV O I O Luftschicht, schwach beltiftet, aufwarts, Dicke: 20 mm 0.250
A N S S N Y S /f N N W D S A— 5 Softwood flow parallel | Weichholz Q parallel 0.290
ft B | Weichhol B 104 A
(I)A_B= 1.83932 W/m Softwood, OS eichholz, OSB 10456 0.130
(O] . 2 o 2
U, = = 1.839 = 0.102 W/(m"K) Boundary Condition g[W/m] 9[C] R[(m™K)/W]
AT-b 30.000-0.600 B Adiabatic 0.000
Exterior roof | AuBen Dach -10.000 0.100
Interior up. | Innen auf. 20.000 0.100

vt

Ueqg-VALUES WALL, ROOF | AQUIVALENTE U-WERTE WAND, DACH
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2867

| Osimin_=17.71"C
f =0.924

@, =-18.37761 W/m

D 4.734

Boundary Condition q[W/m’] 6['C] R[(m"-K)/W]

B Adiabatic 0.000

Exterior | AuBen
fRsi: Interior | Innen

-10.000

20.000

0.040
0.250

U < _ = 0.132 W/(m"K
ﬁo wio = ATH = 30.000.1.200 (m k)

N~
© —
N ] i - ] ¢, =4.73427 W/m
1200
Material AMW/(m-K)]
[ | Clay plaster | Lehmputz 4108-4 0.910
Lime cement plaster | Kalkzement Putz 1.000
B STEICO protect Typ H 0.050
[ Softwood, OSB | Weichholz, OSB 10456 0.130
Straw compressed 0.062
Boundary Condition gq[W/m’ ©[’Cl R[(m"K)/W]
B Adiabatic 0.000
Exterior 1 AuBen -10.000 0.040
Interior | Innen 20.000 0.130
—]
C D
@ 18.378
Yoeo- = AT - U1‘b1 - Uz‘b2 = 30.000 - 0.132-2.867 - 0.132:2.467 = -0.089 W/(m-K)

-10°C

N

EWECO01: WALL EXTERIOR CORNER | WAND AUSSENECKE
Passive House Institute



Material MW/(m-K)] C
[ | Clay plaster | Lehmputz 4108-4 0.910

Lime cement plaster | Kalkzement Putz 1.000
M STEICO protect Typ H 0.050

Softwood, OSB | Weichholz, OSB 10456 0.130

Straw compressed 0.062

Boundary Condition gq[W/m7 ©[’Cl R[(m"-K)/W]

B Adiabatic 0.000
[ | Exterior | AuBen -10.000 0.040
Interior | Innen 20.000 0.130

€e61

o e 4734
@t T AT-b ~ 30.000-1.200

0.132 W/(m’-K)

A ®, = 4.73427 W/m
1200

7 2333 7 ®, = 17.85592 W/m
@ 17.856
Waeor = 3 7 Urb, - Upb, = 2t - 0132:2.333 - 0.132:1.933 = 0,034 W/(m-K)

20°C

18°C

Boundary Condition gq[W/m‘] ©['C] R[(m"K)/W]

B Adiabatic 0.000
Exterior | AuBen -10.000 0.040 .
Interior | Innen 20.000 2 C

oy,

R
e
%

EWICO01: WALLINTERIOR CORNER | WAND INNENECKE
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1390 1010

ﬁD ]
D, = 4.73427 W/m
A

B

®, = 9.44853 W/m

1200
Y 4.734
u = - = 0.132 W/(m"K) /
eand AT-b 30.000-1.200
Material MW/(m-K)]
[ | Clay plaster | Lehmputz 4108-4 0.910
Lime cement plaster | Kalkzement Putz 1.000 . 2 o 2
STEICO flex 039 0.039 Boundary Condition q[W/m] 9[C] R[(m™K)/W]
STEICO protect Typ H 0.050 . Adiabatic 0.000
Softwood, OSB | Weichholz, OSB 10456 0.130 Exterior | AuBen -10.000 0.040
Straw compressed 0.062 Interior | Innen 20.000 0.130
@ 9.449 20°C
Voo = g - Usb - Ugb, = e - 0132:1.390 - 0.132:1.010 = -0.001 W/(mK)
18°C
16°C
14°C
Boundary Condition g[W/m’] ©['C] R[(m"-K)/W] 12°C
B Adiabatic 0.000
Exterior | AuBen -10.000 0.040 °
fRsi: Interior | Innen 20.000 0.250 10 C

fsi min_=18.83"C )
f_=0.961 2°C

0’c

EWIWO01: Junction exterior wall - interior wall | Innenwandeinbindung
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N
D
D, = 4.73427 W/m
I - ‘E
A B
[S
S (D1 200
- 4.734
@, =-12.45139 W/m u = = = 0.132 W/(m"K)
eans AT-b 30.000-1.200
| |
Material AMW/(m-K)]
[ | Clay plaster | Lehmputz 4108-4 0.910
S I EQ-insulation_wall 0.065
Lime cement plaster | Kalkzement Putz 1.000
STEICO flex 039 0.039
B STEICO protect Typ H 0.050
B softwood flow parallel | Weichholz Q parallel 0.290
Softwood, OSB | Weichholz, OSB 10456 0.130
(a0}
(o))
(sp)
Boundary Conditon ~ q[W/m’] ®['Cl R[(m"-K)/W]
B Adiabatic 0.000
[ | Exterior |1 AuBen -10.000 0.040
Int. flux down | Innen abwarts 20.000 0.170
[0 Interior I Innen 20.000 0.130
I Interior up. | Innen auf. 20.000 0.100
N
@ 12.451
Yoeo- = AT - U1-b1 - U2-b2 = 30.000 - 0.132:1.707 - 0.132:1.393 = 0.007 W/(m-K)

20°C
18°C
16°C

Bsi min_=18.33"C
f =0.944

fRsi: Interior | Innen 20.000 0.250

2°C
-4°C
o 6°C
Boundary Condition q[W/m~] ©['C] R[(m"-K)/W]

B Adiabatic 0.000
o7

Exterior | AuBen -10.000 0.040
Passive House Institute

EWECO01: WALL-CEILING | WAND DECKENEINBINDUNG




()]
u = = 1.839 = 0.102 W/(m"K)
«rs ~ AT-b  30.000-0.600

932 W/m

\%0\

Material AW/(m-K)]
[ | Clay plaster | Lehmputz 4108-4 0.910
EQ-airgap-roof 0.190
[ | EQ-insulation_roof 0.044
a I EQ-insulation_wall 0.065
Gypsum board | Gipskartonplatten 900 kg/m3 10456 0.250
Luftschicht, schwach belliftet, aufwarts, Dicke: 20 mm 0.250
STEICO flex 039 0.039
B STEICO protect Typ H 0.050
M Softwood flow parallel 1 Weichholz Q parallel 0.290
Softwood, OSB | Weichholz, OSB 10456 0.130
Straw compressed 0.062
B Adiabatic 0.000
. Exterior | AuBen -10.000 0.040
Exterior roof | AuBen Dach -10.000 0.100
[ | Interior | Innen 20.000 0.130
[ Interior up. I Innen auf. 20.000 0.100
_ B 11.205 _ W/m-K
Yoeo- = AT - U1‘b1 - Uz‘b2 = W - 0.102-1.801 - 0.132-1.667 = -0.030 (m-K)
o 4734 20°C
u = = = 0.132 W/(m"K)
eqh-B AT-b 30.000-1.200 .
18 C
&, = 4.73427 W/m .
AB 16 C
i 14°C
A 12°C
10°C
8°C
6°C
4°C
. . o
Osimin_=18.01 C 2°C
f =0.934
Rsi o
0 C
2°C
-4°C
. 2. e 0 2
Boundary Condition q[W/m7] 9[C] R[(m"-K)/W] .
B Adiabatic 0.000 6C
Exterior | AuBen -10.000 0.040
Exterior roof | AuBen Dach -10.000 0.100 8°C
. fRsi: Interior | Innen 20.000 0.250
A -10°C

ROEAO1: ROOF EAVES | DACH TRAUFE

Passive House Institute



1589

@, = 1.83932 W/m

©
o
o
600
o 1.839
u = = = 0.102 W/(m"K)
eans AT-b 30.000-0.600
Boundary Condition  q[W/m’] ®[C] R[(m’-K)/W]
B Adiabatic 0.000
. Exterior | AuBen -10.000 0.040
Exterior roof | AuBen Dach -10.000 0.100
I Interior | Innen 20.000 0.130
[ Interior up. I Innen auf. 20.000 0.100
N
10.273
Pogo- = AT - U1‘b1 - U2-b2 = W - 0.102:1.590 - 0.132:1.906 = -0.071 W/(m-K)
P, 20/l
18°C
| (| .
A B 16 C
1200 14°C
Osi min = ° o
simin, =17.47 CU ) 4.734 A 12°C
i f=0.916 it = ATb  30.0001.200 | )
: 10°C
i
i Material AMW/(m-K)] 8°C
] B Celulose 040 0.040 .
] Clay plaster | Lehmputz 4108-4 0.910 6 C
i EQ-airgap-roof 0.190
I EQ-insulation_wall 0.065 4 OC
1 Gypsum board | Gipskartonplatten 900 kg/m3 10456 0.250
i Lime cement plaster | Kalkzement Putz 1.000 .
i Luftschicht, schwach beliftet, aufwarts, Dicke: 20 mm 0.250 2 C
: STEICO protect Typ H 0.050
H Softwood flow parallel | Weichholz Q parallel 0.290 °C
i Softwood, OSB | Weichholz, OSB 10456 0.130 0
]
E 2°C
! .
i -4 C
] :
A -6 C
s 2 0 2
Boundary Condition q[W/m] 9[C] R[(mK)/W] 8°C
B Adiabatic 0.000
Exterior 1 AuBen -10.000 0.040 -10°C
Exterior roof | AuBen Dach -10.000 0.100
[ iRsi: Interior 1 Innen 20.000 0.250

ROVEO1: ROOF VERGE | DACH ORTGANG

Passive House Institute




(DA-B

P 1, 2
600 = = 839 = 0.102 W/(m"K)
«rs T ATp 30.000-0.600

81
SUb -Ub = o819 1021587 - 0.102:1.587 = -0.030 W/(m-K)
1T 22 T 30,000

Waee = AT

Boundary Condition  q[W/m’] ®[C] R[(m"-K)/W]

B Adiabatic 0.000 20 C
Exterior roof | AuBen Dach -10.000 0.100
Interior up. | Innen auf. 20.000 0.100 18°C
Material AW/(m-K)] 16°C
EQ-airgap-roof 0.190
EQ-insulation_roof 0.044 14 OC
Gypsum board | Gipskartonplatten 900 kg/m3 10456 0.250
Luftschicht, schwach beluftet, aufwarts, Dicke: 20 mm 0.250 o
Softwood, OSB | Weichholz, OSB 10456 0.130 12 C
10°C
8°C
6°C
4°C
2°C
0°C
2°C
-4°C
. . o
Osimin _=17.59 C ,
f =0.920 -6 C
Rsi
-8°C
-10°C

Boundary Condition  gq[W/m’] ®[C] R[(m"-K)/W]
B Adiabatic 0.000

Exterior roof | AuBen Dach -10.000 0.100
. fRsi: Interior 1 Innen 20.000 0.250 3

<

RORIO01: ROOF RIDGE | DACH FIRST

Passive House Institute



Constructions to ground | Erdberiihrte Bauteile




P 4.735

U - - = 0.132 W/(m" K
SN 30.000-1.200 (m-K) pr——I)

C
ﬁD
®, = 16.8021 W/m
] = [
A | B
@, =4.73451 W/m o
o
&
1200
®, = 23.69801 W/m
4000
@ @ 23.698  16.802
1 . .
= - - U-b = - - 0.132-:2.200 = -0.059 W/(m-HK
Yaeo: AT AT 2 2 30.000 30.000 ( )
i AMW/(m-K)] " 2 o 2
Material Boundary Condition ~ q[W/m] 9[C] R[(m™K)/W]
[ | Artificial stone | Kunststein 10456 1.300 | Adiabati 0.000
Austrotherm XPS TOP 0.037 N e :
Adiabatic | Adiabatisch 0.000
Clay plaster | Lehmputz 4108-4 0.910 Exterior | AuB 10.000 0.040
B Concrete, 1% Steel | Beton, 1% Stahl 10456 2.300 xterior 1 Auben - :
) - Gorund | Erdreich -10.000
EQ-insulation_wall 0.065 x
Ground | Erdreich 2000 Int. flux down | Innen abwarts 20.000 0.170
- Interior | Innen 20.000 0.130
Lime cement plaster | Kalkzement Putz 1.000
B STEICO protect Typ H 0.050
B softwood flow parallel | Weichholz Q parallel 0.290
Softwood, OSB | Weichholz, OSB 10456 0.130
20°C
18°C
e 2, 0 2
Boundary Condition q[W/m] 9[C] R[(m-K)/W] 16°C
B Adiabatic 0.000
B Adiabatic | Adiabatisch 0.000 o
B Exterior | AuBen -10.000 0.040 14 °C
Gorund | Erdreich -10.000
fRsi: Interior | Innen 20.000 0.250 12 OC
10°C
8°C
s
Osi min,_=17.53"C 4 C
f =0918 2°C

FSEWO01: FLOORSLAB-WALL | BODENPLATTE-WAND

Passive House Institute



®,,= 16.8021 W/m

Boundary Condition

qW/m’ O[Cl Rl(m*K)yw] ¢

B Adiabatic 0.000

Adiabatic | Adiabatisch 0.000

Exterior | AuBen -10.000 0.040

Gorund | Erdreich -10.000

Int. flux down | Innen abwarts 20.000 0.170

Interior, frame, normal 20.000 0.130

Interior, frame, reduced 20.000 0.200

e 0,9 Cavity | Hohlraum 0.900
O]

-Uyb, - = = 25.597  16.802 ) 4550360 - 247 _ 0039 W/(m-K)

AT 30.000 30.000 30.000

®, = 25.59695 W/m

0]

AT-b

ﬁ[)

®,,= 473451 W/m

4.735
30.000-1.200

eq A-B

[T

[

A B

1200

4000

Yywirro1 = Yrsewor+wirnor — Wrsewor =-0,039 --0,059 = 0,020 W/(mK)

AMWI(m-K)] ¢

Material

. Aluminum | Aluminium 10456 160.000 0.900

. Artificial stone | Kunststein 10456 1.300

Austrotherm XPS TOP 0.037

B Concrete, 1% Steel | Beton, 1% Stahl 10456 2.300
B eprom 0.250 0.900
B GRP, >50% | GFK >50% 0.630 0.900

2 Ground | Erdreich 2.000
= 0.132 W/(m -KJ Insulation | Warmedammung 040 0.040 0.900
PU foam | PU-Schaum 027 0.027 0.900

Panel | Maske 0.035

Purenit 500 M 0.086

M Ssilicone I Silikon 0.350
Spruce, Fir | Fichte, Tanne 0.110 0.900
B steel | Stahl 50.000 0.900

Unvent. cavity | unbel. Hohlr.
slightly vent. cav. | leicht bel. Hohlr.

Boundary Condition q[W/m’] ®[C] R[(m"-K)/W] ¢

B Adiabatic
Adiabatic | Adiabatisch
Exterior | AuBen

Gorund | Erdreich
e 0,9 Cavity |
fRsi: Interior |

Hohlraum
Innen

WITHO1: THRESHOLD | SCHWELLE

0.000
0.000
-10.000 0.040
-10.000
0.900
20.000 0.250

20°C
18°C
16°C
14°C
12°C

9

10 C

8 C
.GOC

2°C
-4°C
6°C
-8°C
-10°C

m

Passive House Institute

<




@, = 23.6980 W/

®, =23.5711 W/m

_

Westwor = (Qrsiwor —@rsewor VOO =(23,8711 W/m - 23,698 W/m)/ 30 K = -0,004 W/(mK)

Boundary Conditon ~ q[W/m’] ®['Cl R[(m"-K)/W]

B Adiabatic 0.000
B Adiabatic | Adiabatisch 0.000
| Exterior | AuBen -10.000 0.040
Gorund | Erdreich -10.000
Int. flux down | Innen abwarts 20.000 0.170
Interior | Innen 20.000 0.130
Material AW/(m-K)]
[ | Artificial stone | Kunststein 10456 1.300
Austrotherm XPS TOP 0.037 o
[ | Clay plaster | Lehmputz 4108-4 0.910 20 C
B concrete, 1% Steel | Beton, 1% Stahl 10456 2.300
EQ-insulation_wall 0.065 18 OC
Ground | Erdreich 2.000
Lime cement plaster | Kalkzement Putz 1.000 .
STEICO flex 039 0.039 16 C
B sTEICO protect Typ H 0.050 w
B Softwood flow parallel 1 Weichholz Q parallel 0.290 - o
Softwood, OSB | Weichholz, OSB 10456 0.130 [ | 14 C
| 12°C
;|

Bsi min,_=17.53°C
f =0918

|
:
|
|
|
l o
10°C

Boundary Condition q[W/m’] 8[C] R[(m"-K)/W]

B Adiabatic 0.000
Adiabatic | Adiabatisch 0.000
Exterior | AuBen -10.000 0.040
Gorund | Erdreich -10.000
fRsi: Interior | Innen 20.000 0.250 §)

FSIW01: FLOORSLAB-INTERIOR WALL | BODENPLATTE-INNENWAND
Passive House Institute



Windows | Fenster

-smartwin solar 01 02 03 01
. . . Bottom barrier-
Bottom| Top Side |Bottom| Top Side |Bottom| Top Side free
. . . Unten barri-
Unten | Oben | Seitl. | Unten | Oben | Seitl. | Unten | Oben | Seitl. erefrei
. SpgcerlAbstarndhaIter: | | = ;
+  |Swisspacer Ultimate PU | r ‘
s I * |
z —— N
"E’ .
[z [T b, [mm] 62 | 62 | 62 | 62 62 62 62 | 62 | 62 67
E Rahmenbreite
— |U-value frame
0 Uf [W/(m2K)] 0,93 0,83 0,83 0,93 0,83 0,83 0,93 0,83 0,83 1,03
g Rahmen-U-Wert
g Y-glass edge
() Yg [W/(mK)] | 0,020 | 0,020 | 0,020 | 0,020 | 0,020 | 0,020 | 0,020 | 0,020 | 0,020 0,020
£ |Glasrand-W-Wert
£
U-value window Uw [W/(m2K)]
@U, =0,70 0,781 0,781 0,781
Fenster-U-Wert W/(m2K)
Passive House effiziency class
. - phA phA phA
Passivhaus Effizienzklasse
c
o s frsic02smaw | 0,838 | 0,838 | 0,838 | 0,806 | 0,827 | 0,827 | 0,814 | 0,845 | 0,845 0,745
=
C O
© uEJ Winstan [W/(MK)]| 0,026 | 0,009 | 0,006 | 0,034 | 0,025 | 0,023 | 0,034 | 0,011 | 0,009 0,020
el
7]
= Uw, instatiea 0,81 0,86 0,86
[W/(m2K)]

vt

Passive House Institute

smartwin solar: SUMMARY | ZUSAMMENFASSUNG



®=-8.31175 W/m
U= 0.649 W/(

B
-U-b 8.312 i 40.
AT PP 730,000 0.649-0.338

U = = -
b 0.062

U g 0.700 W/(m[-K)

8¢c€

®=-9.42204 W/m

9.422

Wa = 30.000

8¢¢E

m”K)

Material MW/(m-K)]

Aluminum | Aluminium 10456

Ar18in48 mm U 0,7

Argon 18 mm in 48 mm U 0,7

EPDM

Glass | Glas

Insulation | Warmedédmmung 040

PU foam | PU-Schaum 027

PU-Seal | PU Dichtung

SWISSP. Ultimate Box 2

Silicone | Silikon

Softwood flow parallel | Weichholz Q parallel
Softwood, OSB | Weichholz, OSB 10456
Spruce, Fir | Fichte, Tanne

Steel | Stahl

Unvent. cavity | unbel. Hohlr.

slightly vent. cav. | leicht bel. Hohlr.

Boundary Condition g[W/m’] ©['C] R[(m”K)/W]

Adiabatic 0.000

Exterior | AuBen -10.000
Interior, frame, normal 20.000
Interior, frame, reduced 20.000

e 0,9 Cavity | Hohlraum

. 2 o
Boundary Condition q[W/m’] [ C]
Adiabatic 0.000
Exterior | AuBen -10.000
e 0,9 Cavity | Hohlraum
fRsi: Interior | Innen 20.000

0.932 W/(m'-K)

- Ug'bg- Ub = ————— - 0.700-0.338 - 0.932:0.062 = 0.020 W/(m-K)

160.000
0.029
0.029
0.250
1.000
0.040
0.027
0.250
0.140
0.350
0.290
0.130
0.110

50.000

€
0.900

0.900
0.900
0.900
0.900
0.900

0.900

€
0.040
0.130
0.200
0.900
R[(m*K)yW] ¢
0.040
0.900
0.250
20°C
18°C
16°C
14°C
12°C
10°C
8°C
6°C
4°C
2°C
0°C
2°C
-4°C
6°C
-8°C
-10°C

|

smartwin solar: BOTTOM | UNTEN

Passive House Institute



Material

. Aluminum | Aluminium 10456

Argon 18 mm in 48 mm U 0,7

EPDM

Glass | Glas

Insulation | Warmedédmmung 040

PU foam | PU-Schaum 027

PU-Seal | PU Dichtung

SWISSP. Ultimate Box 2

Silicone | Silikon

Softwood flow parallel | Weichholz Q parallel
Softwood, OSB | Weichholz, OSB 10456
Spruce, Fir | Fichte, Tanne

Steel | Stahl

Unvent. cavity | unbel. Hohlr.

Boundary Condition qW/m7 ©[C]

Adiabatic 0.000
Exterior | AuBen -10.000
Interior, frame, normal 20.000
Interior, frame, reduced 20.000
e 0,9 Cavity | Hohlraum

8¢e

Boundary Condition qW/m7 ©[C]

B Adiabatic 0.000

B Exterior | AuBen -10.000
[ | e 0,9 Cavity | Hohlraum

[ tRsi: Interior 1 Innen 20.000

®=-8.12355 W/m
U=0.649 W/(
@
AT 0 9h 8124 649-0.338
U - 30.000 )
fAB b' 2 -
(o]
)]
A N
® = -9.23679 W/m
w
W
o
) =0.700 W/(m"K)
>
d 9.237
e =y YU = 50 000

0.831 W/(m-K)

Osi min =
A-B
f =0.737

- 0.700-0.338 - 0.831-0.062 = 0.020 W/(m-K)

'smartwin solar: TOP/SIDE | OBEN/SEITL.

AMW/(m-K)]

160.000
0.029
0.250
1.000
0.040
0.027
0.250
0.140

€
0.900

0.900
0.900
0.900
0.900
0.900

0.900
0.900

0.900
0.900

R[(m™K)/W] ¢

0.040
0.130
0.200
0.900

R[(m™K)/W] ¢

0.040
0.900

0.250

12.11°C

)

20°C
18°C

16°C

14°C

12°C

10°C

8°C
6°C
4°C
2°C
0°C
2°C
-4°C
-6°C
-8°C

-10°C

Passive House Institute



MW/(m-K)] ¢

Material
. Aluminum | Aluminium 10456 160.000 0.900
Argon 18 mm in 48 mm U 0,7 0.029
B eprom 0.250 0.900
. GRP, >50% | GFK >50% 0.630 0.900
M Gilass | Glas 1.000
[ Insulation 1 Warmedédmmung 040 0.040 0.900
. PU foam | PU-Schaum 027 0.027 0.900
. PU-Seal | PU Dichtung 0.250
SWISSP. Ultimate Box 2 0.140
M Silicone I Silikon 0.350
. Spruce, Fir | Fichte, Tanne 0.110 0.900
. Steel | Stahl 50.000 0.900

Unvent. cavity | unbel. Hohlr.
slightly vent. cav. | leicht bel. Hohlr.

w
w
w . 2 ) 0 2
Boundary Condition q[W/m7] Y[ C] R[(m-K)/W] ¢
= Adiabatic 0.000
_ . Exterior | AuBen -10.000 0.040
o= 8.54730 W/m . Interior, frame, normal 20.000 0.130
2 Interior, frame, reduced 20.000 0.200
W/(mK) B 609 Cavity I Hohiraum 0.900

Boundary Condition q[W/m’ ®[C] R[(m"-K)W] €

o B Adiabatic 0.000

~ . Exterior | AuBen -10.000 0.040
B c0,9 Cavity | Hohlraum 0.900
. fRsi: Interior | Innen 20.000 0.250

B
: 8.547
A U0 “a0.000 06490333
. 2
o s o6 1.028 W/(m"K)

" oy T ~F BT . 20°C

c
1}
1}
1}

18°C
16°C
14°C
C )

12°C
2
) =0.700 W/(m"K) 10°C

8 C

€ee

6°C
® = -9.67085 W/m

4°C
2°C

0C

Osi min_=11.16 °C 2°C
f_=0.705 4°C

-6 C
-8 C

-10°C

B A

N 9.671 ©
Yy, = -U-b-Ub = ——— - 0.700-0.333 - 1.028:0.067 = 0.020 W/(m-K)
A AT o7s T1TT T 30.000

Passiv: THRESHOLD | SCHWELLE

Passive House Institute



ooy

ool

B A
(]
V... = SUb - o2o= 3807 4311010 -
AEC, AT T AT 30.000

Material AMWIm-K)] e
[ | Aluminum | Aluminium 10456 160.000 0.900
[ | Clay plaster | Lehmputz 4108-4 0.910 0.900
M erDMm 0.250 0.900
I EQ-insulation_wall 0.065
I Insulation 1 Wéarmedammung 040 0.040 0.900

Lime cement plaster | Kalkzement Putz 1.000 0.900
[ PUfoam I PU-Schaum 027 0.027 0.900
I Panel | Maske 0.035 0.900

STEICO flex 039 0.039
B steEICO protect Typ H 0.050 0.900
B Silicone | Silikon 0.350 0.900
B Softwood flow parallel 1 Weichholz Q parallel 0.290

Softwood, OSB | Weichholz, OSB 10456 0.130 0.900
|| Spruce, Fir | Fichte, Tanne 0.110 0.900
M steel | Stahl 50.000 0.900

Unvent. cavity | unbel. Hohlr.
slightly vent. cav. | leicht bel. Hohlr.

Boundary Condition q[W/m’] ®[C] R[(m"-K)W] €

B Adiabatic 0.000

|| Exterior | AuBen -10.000 0.040

. Interior | Innen 20.000 0.130

. Interior, frame, normal 20.000 0.130
Interior, frame, reduced 20.000 0.200

B c0,9 Cavity | Hohlraum 0.900

8.312
30.000

o

20 C
18 C
16 C

Bsimin _=14.17"C
f_=0.806

o

‘14 C

o

12 C

‘10 C

8°C

o

6 C

o

4C

2C

o°c

0.034 W/(m-K)

®,,=8.3117 W/m

A

Boundary Condition g[W/m‘] O['C] R[(m“K)/W] &

Adiabatic 0.000

Exterior | AuBen -10.000 0.040

e 0,9 Cavity | Hohlraum 0.900
fRsi: Interior | Innen 20.000 0.250

)

smartwin solar: INSTAL. BOTTOM | EINBAU UNTEN WIBOO02

Passive House Institute




20 C
18°C
16°C
14°C
12°C
10°C
e
o o
8 C
6°C
4°C
2°C
0°C
~ -2°C
Osi min_=14.82°C “4C
f =0.827
8 Rsi _6 C
o
-8°C
-10°C
B A A
N @ 12.844 8.124
Yoo, = -— - Ub = - - 0.131-1.010 = 0.025 W/(m-K)
AELC, AT AT 22 30.000 30.000
® =8.1236 W/m
Material AWHmM-K)] e
[ | Clay plaster | Lehmputz 4108-4 0.910 0.900
B erom 0.250 0.900
[ EQ-insulation_wall 0.065
I Insulation 1 Warmedédmmung 040 0.040 0.900
Lime cement plaster | Kalkzement Putz 1.000
[ PUfoam I PU-Schaum 027 0.027 0.900
[ Panel | Maske 0.035 0.900
[ Polyvinyichloride (PVC) 0.170 0.900
STEICO flex 039 0.039
B steEICO protect Typ H 0.050 0.900
B Ssiicone | Silikon 0.350 0.900 A
B softwood flow parallel | Weichholz Q parallel 0.290
Softwood, OSB | Weichholz, OSB 10456 0.130 0.900
. Spruce, Fir | Fichte, Tanne 0.110 0.900
B Stcel | Stanl 50.000 0.900

Unvent. cavity | unbel. Hohlr.
slightly vent. cav. | leicht bel. Hohlr.

Boundary Condition gqW/m7 9[C] R[(m“K)/W] ¢ Boundary Condition q[W/m? ®[C] R[(m"“K)/W] €

B Adiabatic 0.000 B Adiabatic 0.000

| | Exterior | AuBen -10.000 0.040 || Exterior | AuBen -10.000 0.040

[ Interior 1 Innen 20.000 0.130 M <09 Cavity | Hohlraum 0.900

. Interior, frame, normal 20.000 0.130 . fRsi: Interior | Innen 20.000 0.250
Interior, frame, reduced 20.000 0.200

M c0,9 Cavity | Hohlraum 0.900

)

Passive House Institute

smartwin solar: INSTAL. TOP | EINBAU OBEN WITO02




1265 400 L

®, = 13.80287 W/m

@ @ 13.803 8.124
V... = -Ub -— = ———— - 01321265 - ———— = 0.023 W/(m-K)
AEG, AT T AT 30.000 30.000
@, =8.1236 W/m
. 2, e 0o 2
Boundary Condition gq[W/m7] 9[C] R[(m"-K)/W] € A
B Adiabatic 0.000
. Exterior | AuBen -10.000 0.040
. Interior | Innen 20.000 0.130
M interior, frame, normal 20.000 0.130
Interior, frame, reduced 20.000 0.200
M c0,9 Cavity | Hohlraum 0.900
N 4.734 2
) u = = ' = 0.132 W/(m K
Material AMW/(m-K)] ¢ «rs = AT:h  30.000-1.200 (m-K)
[ | Clay plaster | Lehmputz 4108-4 0.910 0.900
N erom 0.250 0.900 1200
I Insulation | Warmedammung 040 0.040 0.900 ke ke
Lime cement plaster | Kalkzement Putz 1.000
PU foam | PU-Schaum 027 0.027 0.900 D
. Panel | Maske 0.035 0.900 20 OC
I Polyvinyichloride (PVC) 0.170 0.900
STEICO flex 039 0.039 o
B STEICO protect Typ H 0.050 0.900 18 C
B siicone | Silikon 0.350 0.900 — .
B Ssoftwood flow parallel | Weichholz Q parallel 0.290 A B 16 C
Softwood, OSB | Weichholz, OSB 10456 0.130 0.900
|| Spruce, Fir | Fichte, Tanne 0.110 0.900 ® =4.73427 W/m ~14OC
B Sstcel | Stahl 50.000 0.900 A8
Straw compressed 0.062 12 OC
Unvent. cavity | unbel. Hohlr.
slightly vent. cav. | leicht bel. Hohlr. o
10 C
8°C
6°C
4°C
2°C
B o
I O O I 0 C
Osi min_=14.82°C 2
N N EEm. f =0.827 -4°C
[ | |
| I o
T -6 C
-8°C
A 10°C

Boundary Condition g[W/m’] O['C] R[(m"K)W] ¢

B Adiabatic 0.000

. Exterior | AuBen -10.000 0.040

M <09 Cavity | Hohlraum 0.900 o
. fRsi: Interior | Innen 20.000 0.250 l’)

smartwin solar: INSTAL. SIDE | EINBAU SEITLICH WISI02
Passive House Institute



00¥

—
<
o
B A >
o 2, 13.087
= -U-b - =—— - 0.131-1.010 -
Waee: = a7 U0 T = g0 T 01811010
Material MWAm-K)] e
. Aluminum | Aluminium 10456 160.000 0.900
[ | Clay plaster | Lehmputz 4108-4 0.910
B eprom 0.250 0.900
Il EQ-insulation_wall 0.065
I Insulation 1 Wéarmedammung 040 0.040 0.900
Lime cement plaster | Kalkzement Putz 1.000
[ PUfoam I PU-Schaum 027 0.027 0.900
I Panel | Maske 0.035 0.900
STEICO flex 039 0.039
B STEICO protect Typ H 0.050
B Ssiicone | Silikon 0.350 0.900
B softwood flow parallel | Weichholz Q parallel 0.290
Softwood, OSB | Weichholz, OSB 10456 0.130 0.900
|| Spruce, Fir | Fichte, Tanne 0.110 0.900
B Steel | Stanl 50.000 0.900

Unvent. cavity | unbel. Hohlr.
slightly vent. cav. | leicht bel. Hohlr.

Boundary Condition g[W/m’] ®[C] R[(m"-K)/W] ¢

B Adiabatic 0.000

B Exterior | AuBen -10.000

. Interior | Innen 20.000

. Interior, frame, normal 20.000
Interior, frame, reduced 20.000

B 09 Cavity | Hohlraum

0.040
0.130
0.130
0.200

0.900

8.312

Bsi min_=14.26 °C

f _=0.809

= 0.026 W/(m-K)
30.000

®,,=8.3117 W/m

20 C

18 C

o

16 C

o

14°C

o

12°C

10°C
8°C
6°C

o

4°C

o

2C

o

0cC

Boundary Condition gq[W/m?] ®[C] R[(m"K)/W] €

B Adiabatic

B Exterior | AuBen

. e 0,9 Cavity | Hohlraum
. fRsi: Interior | Innen

smartwin solar: INSTAL. BOTTOM | EINBAU UNTEN WIBOO1

0.000

-10.000

20.000

0.040
0.900
0.250

)

Passive House Institute




20°C
18°C
16°C
14°C
12°C
- | 10°C
) L]
o Bl o
8 C
6°C
4°C
2°C
0C
2°C
Bsi min_=15.14"C -4°C
~ f_=0.838
o
o
B A A
@ @ 12.369 8.124
Y., = -—-Ub = - - 0.131-1.010 = 0.009 W/(m-K)
AEC, AT AT 22 30.000 30.000
Material MW/Im-K)] e
[ | Clay plaster | Lehmputz 4108-4 0.910
B erom 0.250 0.900 ® =8.1236 W/m
I EQ-insulation_wall 0.065 A8
I Insulation | Wé&rmedédmmung 040 0.040 0.900
Lime cement plaster | Kalkzement Putz 1.000
. PU foam | PU-Schaum 027 0.027 0.900
I Panel | Maske 0.035 0.900
I Polyvinyichioride (PVC) 0.170 0.900
STEICO flex 039 0.039
B STEICO protect Typ H 0.050 0.900
B Ssilicone | Silikon 0.350 0.900
B Softwood flow parallel 1 Weichholz Q parallel 0.290
Softwood, OSB | Weichholz, OSB 10456 0.130 0.900
[ | Spruce, Fir | Fichte, Tanne 0.110 0.900
B Stcel | Stahl 50.000 0.900 A
Unvent. cavity | unbel. Hohlr. 2 . .
Boundary Condition q[W/m] ®[C] R[(m“K)W] &
i Adiabatic 0.000
2, 0 2 i
. 0 A € Exterior | AuBen -10.000 0.040
Boundary Condition q[W/m] Y[ C] R[(m"-K)/W] B <09 Cavity | Hohlraum 0.900
B Adiabatic 0.000 [0 tRsi: Interior 1 Innen 20.000 0.250
B Exterior | AuBen -10.000 0.040
. Interior | Innen 20.000 0.130
. Interior, frame, normal 20.000 0.130
Interior, frame, reduced 20.000 0.200
B c0,9 Cavity | Hohlraum 0.900

)

Passive House Institute

smartwin solar: INSTAL. TOP | EINBAU OBEN WITOO1




1265 400

®, = 13.28880 W/m

N o, 13.289 8.124

= . = ——— -0.132:1.265 - ——— = 0.006 W/(m-K
Waeo- AT AT 30.000 30.000 (mK)

@, =8.1236 W/m

Boundary Condition gq[W/m’] ®[C] R[(m"-K)W] ¢

B Adiabatic 0.000
. Exterior | AuBen -10.000 0.040
. Interior | Innen 20.000 0.130
B interior, frame, normal 20.000 0.130 A
Interior, frame, reduced 20.000 0.200
M <009 Cavity | Hohlraum 0.900
@ 4.734 2
i MW/(m-K)] ¢ U = = : = 0.132 W/(m ‘K
Material eqAB AT-b 30.000-1.200 ( )
[ | Clay plaster | Lehmputz 4108-4 0.910
B erDM 0.250 0.900
I Insulation 1 Wérmedammung 040 0.040 0.900
Lime cement plaster | Kalkzement Putz 1.000 L 1200 L
PU foam | PU-Schaum 027 0.027 0.900
[ Panel | Maske 0.035 0.900
[ | Polyvinylchloride (PVC) 0.170 0.900 D 20 OC
STEICO flex 039 0.039
B STEICO protect Typ H 0.050 0.900 .
[ | Silicone | Silikon 0.350 0.900 18 C
M Softwood flow parallel I Weichholz Q parallel 0.290
Softwood, OSB | Weichholz, OSB 10456 0.130 0.900 - 16 °C
= Spruce, Fir | Fichte, Tanne 0.110 0.900 A B
Steel | Stahl 50.000 0.900 _ | o
Straw compressed 0.062 (I)A-B_ 4.73427 W/m 14 °C
Unvent. cavity | unbel. Hohlr. o
12 C
10°C
8°C
6°C
4°C
2°C
T T O Y O
o
0C
B 2°C
I | =
- . -4°C
Bsimin =15.13 C
A-B '6 °C
f =0.838
Rsi .
A -8 C
e 2 e o 2 '10 C
Boundary Condition gq[W/m7] 9[C] R[(m"-K)/W] ¢
B Adiabatic 0.000
|| Exterior | AuBen -10.000 0.040
M <09 Cavity | Hohlraum 0.900 o
I fRsi: Interior | Innen 20.000 0.250 \’)

smartwin solar: INSTAL. SIDE | EINBAU SEITLICH WISIO1
Passive House Institute



20°C
18°C
N o
S Osi min,_=14.43"C 16 C
f_=0.814
Rsi o
14 C
12°C
10°C
8°C
6°C
4°C
R 2°C
<
o o
0ocC
2°C
HH -4°C
6°C
-8°C
B A " A -10°C
@ @ 13.313 8.312
Yoo, = -Ub - =" -0.1311.010 - ———— = 0.034 W/(m-K)
AEC, AT v AT 30.000 30.000
Material MW/(m-K)] ¢
. Aluminum | Aluminium 10456 160.000 0.900
= Clay plaster | Lehmputz 4108-4 0.910
EPDM 0.250 0.900
[ EQ-insulation_wall 0.065 @, =8.3117 W/m
I Insulation 1 Wéarmedammung 040 0.040 0.900
Lime cement plaster | Kalkzement Putz 1.000 0.900
[ PUfoam I PU-Schaum 027 0.027 0.900
. Panel | Maske 0.035 0.900
STEICO flex 039 0.039 0.900
B STEICO protect Typ H 0.050 0.900
B Siicone | Silikon 0.350 0.900
B Softwood flow parallel 1 Weichholz Q parallel 0.290
Softwood, OSB | Weichholz, OSB 10456 0.130 0.900
|| Spruce, Fir | Fichte, Tanne 0.110 0.900
B steel | Stanl 50.000 0.900 A
Unvent. cavity | unbel. Hohlr.
slightly vent. cav. | leicht bel. Hohlr.
oy 2 o 2
Boundary Condition q[W/m] 9[C] R[(m-K)/W] ¢
= Adiabatic 0.000
2, 0 2 .
i o1 Cc . € Exterior | AuBen -10.000 0.040
Bqundgry Condition g[W/m7] 9[C] R[(m-K)/W] B 000 Cavity | Hohlraum 0.900
B Adiabatic 0.000 I fRsi: Interior | Innen 20.000 0.250
B Exterior | AuBen -10.000 0.040
[ Interior I Innen 20.000 0.130
. Interior, frame, normal 20.000 0.130
Interior, frame, reduced 20.000 0.200
B co0,9 Cavity | Hohlraum 0.900

)

Passive House Institute
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20 C
18°C
16°C
14°C
12°C
- 10°C
<
O o
8 C
6°C
4°C
2°C
0°c
2°C
. o -4 oC
Osimin_=15.36 C
5 f =0.845
o Rsi
B A
@ @ 12.442 8.124
Yoo, = -—— -Ub = - - 0.131:1.010 = 0.011 W/(m-K)
AEG, AT AT 22 30.000 30.000
Material MWIm-K)] e
ateria @, =8.1236 W/m
[ | Clay plaster | Lehmputz 4108-4 0.910 AB
B epom 0.250 0.900
I EQ-insulation_wall 0.065
I Insulation | Wé&rmedédmmung 040 0.040 0.900
Lime cement plaster | Kalkzement Putz 1.000
. PU foam | PU-Schaum 027 0.027 0.900
. Panel | Maske 0.035 0.900
I Polyvinylchloride (PVC) 0.170 0.900
STEICO flex 039 0.039
B stEICO protect Typ H 0.050 0.900
. Silicone | Silikon 0.350 0.900
B softwood flow parallel | Weichholz Q parallel 0.290
Softwood, OSB | Weichholz, OSB 10456 0.130 0.900 A
= Spruce, Fir | Fichte, Tanne 0.110 0.900
Steel | Stahl 50.000 0.900 i 20 2 €
Urnvort. cavity | unbel, Hohlr Boundary Condition q[W/m] 9[C] R[(m -K)/W]
B Adiabatic 0.000
= Exterior | AuBen -10.000 0.040
. 2 0 2 e 0,9 Cavity | Hohlraum 0.900
Boundary Condition q[W/m] O[C] R[(m-K)/W] € [ tas: interior | Innen 20.000 0.250
B Adiabatic 0.000
. Exterior | AuBen -10.000 0.040
. Interior | Innen 20.000 0.130
| Interior, frame, normal 20.000 0.130
Interior, frame, reduced 20.000 0.200
M <009 Cavity | Hohlraum 0.900

)

smartwin solar: INSTAL. TOP | EINBAU OBEN WITO03
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1265 400

®, = 13.39469 W/m

@ @, 13. 124
“Ub - _ 18395 4101065 - 2124 _ 4 000 Wim-K)
2T AT T 30,000 30.000 & =8.1236 W/m
A-B

wA-E-C, .= AT

Boundary Condition gq[W/m’] ®[C] R[(m"-K)W] ¢

B Adiabatic 0.000
[ | Exterior | AuBen -10.000 0.040
Interior | Innen 20.000 0.130
B interior, frame, normal 20.000 0.130
Interior, frame, reduced 20.000 0.200 A
B c0,9 Cavity | Hohlraum 0.900
Material AMWIm-K)T e U P 4734 0.132 W/EK
B Clay plaster | Lehmputz 4108-4 0.910 «rs T AT-p ~ 30.000:1.200 = (m-K)
B erDM 0.250 0.900
I Insulation 1 Wérmedammung 040 0.040 0.900
Lime cement plaster | Kalkzement Putz 1.000 L 1200 L
PU foam | PU-Schaum 027 0.027 0.900
[ Panel | Maske 0.035 0.900
[ | Polyvinylchloride (PVC) 0.170 0.900 D 20 OC
STEICO flex 039 0.039
B STEICO protect Typ H 0.050 0.900 .
. Silicone | Silikon 0.350 0.900 18 C
M Softwood flow parallel I Weichholz Q parallel 0.290
Softwood, OSB | Weichholz, OSB 10456 0.130 0.900 — 16°C
= Spruce, Fir | Fichte, Tanne 0.110 0.900 A B
Steel | Stahl 50.000 0.900 _ | o
Straw compressed 0.062 (I)A-B_ 4.73427 W/m 14 °C
Unvent. cavity | unbel. Hohlr. o
12 C
10°C
8°C
6°C
4°C
2°C
. . o
Bsi min=15.35 C 0°C
fR8i= 0.845 .
\ - 2 C
| e aEE :
= -4 C
6°C
-8°C
e 2 e o 2 '10 C
Boundary Condition gq[W/m7] 9[C] R[(m"-K)/W] ¢
B Adiabatic 0.000
B Exterior | AuBen -10.000 0.040
M <09 Cavity | Hohlraum 0.900 o
I tRsi: Interior | Innen 20.000 0.250 \’)

smartwin solar: INSTAL. SIDE | EINBAU SEITLICH WISI03

Passive House Institute



Appendix 3

Certified
Passivhaus DETAILS

O)
C D

Nurtured by nature



o

0,050 W/(mK) - Steico Protect Typ H 60mm

0,0645 W/(mK) - Straw/Wood Ecococon Panel

0,039 W/(mK) - Steico Flex

Airtight breather membrane Sd < 0,2 m

straw panel Ecococon

airtight breather membrane Sd < 0,2 m
STEICOprotect, woodfibre board 60-100mm
ventilated timber facade

vapour permeable certified render system w<0,1kg/m?*h

braced
\ |

clay render

or

SO
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<
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Q
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Q
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el
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5

X
0

0
0
el

==

PH CERTIFICATION
EWEC 01

Wall External Corner, Wand Aussenecke

ECO

Nurtured by nature



o

0,050 W/(mK) - Steico Protect Typ H 60mm

0,0645 W/(mK) - Straw/Wood Ecococon Panel

0,039 W/(mK) - Steico Flex

vapour permeable certified render system w<0,1kg/m?*h

Airtight breather membrane Sd < 0,2 m

or

ventilated timber facade

STEICOprotect, woodfibre board 60-100mm
airtight breather membrane Sd < 0,2 m
straw panel Ecococon

clay render

T E———
RN RE AN TRX RN RRRANTANR

S

KRR

’

braced panel

External Wall Internal Corner, Wand Innenecke

PH CERTIFICATION

EWIC 01

ECO

Nurtured by nature



l o m

Airtight breather membrane Sd < 0,2 m

clay render / reed
STEICOflex 60mm
timber 60x120

plasterboard
L x [ according to STEICOflex

18

1
I

13,,60 ,60

timber 60x120

0,050 W/(mK) - Steico Protect Typ H 60mm

0,0645 W/(mK) - Straw/Wood Ecococon Panel

0,039 W/(mK) - Steico Flex

L T

ventilated timber facade / vapour permeable certified
render system w<0,1kg/m?*h

STEICOprotect, woodfibre board

airtight breather membrane Sd < 0,2 m

straw panel Ecococon

clay render

Junction Internal wall - External wall, Innenwandeinbindung

PH CERTIFICATION )

EWIW 01
ECO

Nurtured by nature



I 0,050 W/(mK) - Steico Protect Typ H 60mm

%%%gg 0,0645 W/(mK) - Straw/Wood Ecococon Panel

—

0,039 W/(mK) - Steico Flex

RENDER

WOOD FACADE

200

STEICOflex 0,039 W/(mK)
/7board floor

STEICOfloor 40
STEICOtherm 20
Lignotrend Rippe/Decke

flooring

concrete screed mineral
insulation

Lignotrend Rippe/Decke

3 - STEICOsoundstrip S 8
o= SRR Bl
// ——
—a————
— / 1
//

XY

69 |60 | 400

254L

render system w<0,1kg/m?*h
STEICOprotect, woodfibre board
airtight breather membrane Sd < 0,2 m

- 554

straw panel Ecococon
clay render

ventilated timber facade / vapour permeable certified

PH CERTIFICATION
EWCE 01

Wall-Ceiling (CLT), Wand Deckeneinbindung (KLH)

Nurtured by nature



roof tiles

roofing battens and counter battens

breather membrane

STEICOuniversal

STEICOjoist / STEICO ZELL 0,044 W/(mK)

wooden batten

airtightness membrane with variable value Sd = 0,2-10 m
plaster board

Airtight layer: = = = = = -
Airtight breather membrane Sd < 0,2 m

Airtight layer:
Airtight membrane with variable value Sd = 0,2-10 m

timber ceiling £
/ e
WOOD FACADE P Z P wooden batten RENDER
P2 Phs suspended ceiling system
~ (service installation zone)
e plasterboard
Z P
£
/ A
- ~ e %\
- P e
P £ 7 3 e g %
= 5 ° -
Pz Z R - e {5\
~ P % = 2
P Z 7o © . o o - g oS % & =S
o o ~“ o ° e i =
£ o o o - g = = . -
£ o3 ’ - z = -
= C oo . T, T y =
Z 2 ° ° ° o = °
= 2 : —
iz : S z =i
£ = N i =
s £ é timber 95x95 % m& =
\\\ 7 E ‘_:i g
w % g =L &t =
£ N =1
g ventilated timber facade / vapour permeable certified =
g render system w<0,1kg/m?*h =
- STEICOprotect, woodfibre board =

69 4L 60 | 425

| | airtight breather membrane Sd < 0,2 m

554

" | straw panel Ecococon

NN

0,050 W/(mK) - Steico Protect Typ H 60mm

0,0645 W/(mK) - Straw/Wood Ecococon Panel

T | clay render

PH CERTIFICATION
ROEA 01

Roof Eaves (I-beam), Dach Traufe (I-Trager)

-

S—

ECO r

)

Nurtured by nature



0,050 W/(mK) - Steico Protect Typ H 60mm

0,0645 W/(mK) - Straw/Wood Ecococon Panel

Airtight layer: = = = = = -
Airtight breather membrane Sd <0,2 m

Airtight membrane with variable value Sd = 0,2-10 m

RENDER WOOD FACADE

Roof tiles

counter battons

roof battons

roof membrane

OSB/Plywood/Wooden boards 22 mm

STEICOjoist with STEICO ZELL 0,044 W/(mK)
airtight membrane with variable value Sd = 0,2-10 m
wooden batton

plaster board

timber ceiling

| 22

wooden batten
suspended ceiling system
(service installation zone)
plasterboard

400
523

25 |

25[15

=

24]\\

ventilated timber facade / certified render system
(vapour permeable)

STEICOprotect, woodfibre board

airtight breather membrane Sd < 0,2 m

straw panel Ecococon

clay render

L T T

T

68 69 4{ 60 4{

400 25| |

554

Roof Verge (I-beam), Dach Ortgang (I-Trager)

PH CERTIFICATION — )
ROVE 01 (&:/
O

EC

Nurtured by nature



roof tiles

roofing battens and counter battens

breather membrane

STEICOuniversal

STEICOjoist / STEICO ZELL - 0,044 W/(mK)

wooden batten

airtightness membrane with variable value Sd = 0,2-10 m
plaster board

timber ceiling

=
A
-
yZ -
~
£ -
a e
= //
A -
yZ -
/ e
- e
s 7
A -
-
-
Ve Ve
Ve Ve

s SN
A N
L A N\
Yz N
y P “ ™\
/ ~ o [e) NS \
/ // o o \\ \
Z _ o o o o XN SN
A // ° o o ° \\ =N
- o o o o o N \\
- o o o o ~
~ ~ SN
o o / o o
B= =
~
o o / o o ~
/ N\
o 0/0 ° N
=N
©L Z e N N
o / o \\ \
o o] ~ \
Y4 S N
- §2 ~ \\
- ~ ~
- b \\ ~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
Airtight layer:

Airtight membrane with variable value Sd = 0,2-10 m

PH CERTIFICATION
RORI 01

Roof Ridge (I-beams), Dach First (I-Trager)

=N

4

(

rcol

Nurtured by nature



o

0,050 W/(mK) - Steico Protect Typ H 60mm

0,037 W/(mK) - XPS (Extruded Polystyrene)

0,0645 W/(mK) - Straw/Wood Ecococon Panel

490

5], 60 , 400 25, Airtight layer: = = = = = =
1 1 Airtight breather membrane Sd < 0,2 m
vapour permeable certified Taped to concrete floor slab
render system w<0,1kg/m2*h
STEICOprotect, woodfibre board
airtight breather membrane Sd < 0,2 m
straw panel Ecococon
clay render |
- flooring
airtight tape reinforced concrete slab
PE sheet
STEICOunderfloor 5 mm ———| +-0,00 XPS
bitumen 3 | sand blinding
— |
rendered insulated plinth —e |~/ 20, 350 ﬁ/ﬁ/ /E /é/ & %
’ "/ 0,-0,02 ~/-0,180" o
o0 / 0 ~
/ DUV Y T ICE S O
Sl =
NN I
-0,380
(=]
©
/
AN
/

drainage pipe

» coated in geotextile

s v

/" concrete strip foundation

nonfreezing depth

7

D0

V.

Floorslab-Wall, Bodenplatte-\Wand

PH CERTIFICATION

O

FSEW 01
rcol

Nurtured by nature



s

0,037 W/(mK) - XPS (Extruded Polystyrene)

0,0645 W/(mK) - Straw/Wood Ecococon Panel

0,086 W/(mK) -

Purenit 500 M

Airtight layer:

Airtight tape between window frame and
purenit and purenit and concrete floor

slab

Purenit

-0,020

By

]

flooring

concrete screed

w/ optional underfloor heating
mineral insulation

reinforced concrete slab

PE sheet

+-0,00 XPS

sand blinding

N2

BB R e R BRI RICRRCEIORIRISERX

B

50

/ R K R K e L Kb mmmmmm&%ﬁw
/
mO@O Q&o %@éi%&@@ / Vs
9@@3@ 0 /
Os%@a%@a%@a%@a -
"".
e v L
o) /
dense concrete blocks o g /
/

perforated drainage pipe
enclosed in geotextile

S S s/ g
concrete strip foundation >
S g
nonfreezing depth
/

%

PH CERTIFICATION
WITH 01

Threshold, Schwelle

ECO r

O

Nurtured by nature



% 0,037 W/(mK) - XPS (Extruded Polystyrene)

120 18

7 7 / /
Airtight layer: //// ///// b

Concrete floor slab

clay render / reed
STEICOflex 60mm
timber 60x120
plasterboard

flooring

reinforced concrete slab
PE sheet

XPS

sand blinding ’—;

/ timber 60x120

Qo
/ 0./-0180 / Ai-o,o 5 2

757,87

PH CERTIFICATION

=

)

FSIW 01 =

Floor slab - Interior Wall, Bodenplatte - Innenwand ECO r

Nurtured by nature



vapour permeable certified render system w<0,1kg/m?*h
STEICOprotect, woodfibre board

airtight breather membrane Sd < 0,2 m

straw panel Ecococon

clay render

Airtight layer: = = = = = =
Airtight breather membrane Sd <0,2 m

Airtight layer:
Airtight tape beteen frame and membrane

vapour permeable certified render system w<0,1kg/m?*h
STEICOprotect, woodfibre board

airtight breather membrane Sd < 0,2 m

straw panel Ecococon

clay render

68 |

400

25

493

straw panel Ecococon
clay render

I 0,050 W/(mK) - Steico Protect Typ H 60mm

0,0645 W/(mK) - Straw/Wood Ecococon Panel

0,055 W/(mK) - Agepan THD Static 40mm

vapour permeable certified render system w<0,1kg/m?*h
STEICOprotect, woodfibre board
airtight breather membrane Sd < 0,2 m

PH CERTIFICATION

WIBO 01, WITO 01, WISI 01

Smartwin Solar - Wall connection 01

ECO

Nurtured by nature



vapour permeable certified render system w<0,1kg/m?*h
STEICOprotect, woodfibre board

airtight breather membrane Sd < 0,2 m

straw panel Ecococon

clay render

Airtight layer: = = = = = -
Airtight breather membrane Sd < 0,2 m

Airtight layer:
Airtight tape beteen frame and membrane

vapour permeable certified render system w<0,1kg/m?*h
STEICOprotect, woodfibre board

airtight breather membrane Sd < 0,2 m

straw panel Ecococon

clay render

- ——————— = ]

68 | 400

25

493

vapour permeable certified render system w<0,1kg/m?*h
STEICOprotect, woodfibre board

airtight breather membrane Sd < 0,2 m

straw panel Ecococon

clay render

0,055 W/(mK) - Agepan THD Static 40mm

0,050 W/(mK) - Steico Protect Typ H 60mm

0,0645 W/(mK) - Straw/Wood Ecococon Panel

PH CERTIFICATION )
WIBO 02, WITO 02, WISI 02

Smartwin Solar - Wall connection 02

ECO

Nurtured by nature



vapour permeable certified render system w<0,1kg/m?*h
STEICOprotect, woodfibre board

airtight breather membrane Sd < 0,2 m

straw panel Ecococon

clay render

Airtight layer: = = = = = =
Airtight breather membrane Sd < 0,2 m

Airtight layer:
Airtight tape beteen frame and membrane

vapour permeable certified render system w<0,1kg/m?*h
STEICOprotect, woodfibre board

airtight breather membrane Sd < 0,2 m

straw panel Ecococon

clay render

68 |

400

25

493

vapour permeable certified render system w<0,1kg/m?*h
STEICOprotect, woodfibre board

airtight breather membrane Sd < 0,2 m

straw panel Ecococon

clay render

0,055 W/(mK) - Agepan THD Static 40mm

0,050 W/(mK) - Steico Protect Typ H 60mm

0,0645 W/(mK) - Straw/Wood Ecococon Panel

PH CERTIFICATION )

WIBO 03, WITO 03, WISI 03

Smartwin Solar - Wall connection 03

ECO

Nurtured by nature
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