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Introduction — Field Testing
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Introduction — Field Testing
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Introduction — Hygrothermal Simulation
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Facade Moisture Control

“Tiger” pattern caused by wind driven rain
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Facade Moisture Control

“Leopard” pattern caused by exterior condensation
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Facade Moisture Control

Microbial growth on EIFS facades

Fasteners act
as thermal
bridges and
raise surface
temp. above
dewpoint
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Facade Moisture Control

Night Hygrothermal transfer processes
at the surface of an EIFS
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Facade Moisture Control

Field tests comparing facade sections

Adhesive

EPS Insulation

Base coat —

Finish coat —+
— Plaster

AAC wall

Test wall sections facing west
U = 0.3 W/mzK
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Facade Moisture Control

Temperature recordings at field test site
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Facade Moisture Control

Frequency of load occurrence
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Facade Moisture Control

Hygrothermal simulation results for masonry with 10 cm (4”) EIFS

Exterior condensation hours
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Facade Moisture Control

Field test

Solarimeter
(short wave
0.3-2.8 um)

Pyrgeometer
(long wave
5—25 pum)

» Continuous recording of short and
long wave incident radiation as
well as stucco surface temperature

Brick wall with EIFS (10 cm EPS; 5 mm stucco)
Location: Holzkirchen
Orientation: North
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Facade Moisture Control

Effect of low-E paint
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Facade Moisture Control

Field test results
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Facade Moisture Control

Durability of Low-E Paint
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Facade Moisture Control

Stucco with phase change materials (PCM)
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Facade Moisture Control

Field test results
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Energy Efficiency Benefits in Winter

Example case: Office with large window facing south
Hygrothermal building simulation
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Energy Efficiency Benefits in Winter

Window Parameters

Main Farameters

L fmz2k]|1.5
Frame factor [-]|0.F
SHGC hemispherical [1j0.53
Emissivity of external surface [-]0.2
SHGC detailed

Incident

SHGC
Angle
[] [-]

] 0,5
(=]l 0,51
20 0,21
Parameters
Reduction factor of solar diation (b-walue) [- 1|04

Thermal resistance supplement

[mEkng |o

Operation mode

Reduce owverheating £ Cooling
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Energy Efficiency Benefits in Winter

PCM characteristics

M ame
Gypzum Board; PCH
Basic values — Optional Data
Bulk density [kadne ] Maisture Storage Funchion F10on
: p lkg/m] Liquid Transport Coefficient, Suction
Forozity [ ] 0,65 Liquid Transport Coefficient, Redistibution
. Thermal Conductivity, moisture-dependent
Spec. heat capacity [J/kgK] 1200 Thermal Conductivity, termperature-dependsnt 48800 }
Thermal conductivity [/Amk] 0z i ater vapour diffizion resistance factor, moizhure-dependent
’ Enthalpy, temperature-dependent [FCM] =
"water vapour diffusion resistance factar [-] 8 %
s D & 36600
Honal Dt " Temperature Enthalpy Z
Tupical Builtln Moisture [kgem] g ['T] [I/kq] E
Thermal Conductivity Supplement [2/4.-%] 3 1 0 0 A1 7 Mew £ 24400
Colar 2 0 E000 4 Delete 2 /
o
3 N4 13933 =3 Copy 12200 V
4 145 18338 2, Tnsert /
B17 23083 MewInsert:
618 24343 [after - % 17 13
7 13 27075 - | Temperature [°C)]
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Energy Efficiency Benefits in Winter

Light-weight external walls (without PCM)

Assembly (ld.2): Lightweight timber framed wall

outside inzide
Homagenous layers
_ |1 ]2 ] 4 |5 |
Thermal resistance: 417 mZ2KAY
Heat Transfer Coefficient] U-value): 023 WW/m?k
W e I+l
_ Thickness [m]
Thickness: 02 m
" Material/Layer ] C A Thickness
' (from outside to inside) [kgim3] [Jhko] [V ] [m]
1 |=pruce, radial 455 1500 004 o014
2 |Air Layer 25 mm 13 1000 0,155 0,023
3 |60 minute Building Paper 280 1500 12 0,001
4 |Mineral VWoal (heat cond.: O 04 WWmk) 1] a0 0,04 0,15
5 |PE-Membrane 0,15 mm (sd = 70 m) 130 2200 22 0,001
b |Gypsum Board 8ol gal 02 0,012
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Energy Efficiency Benefits in Winter

Floor assembly with PCM

Assembly (Id.3): jah_Bodenaufbau

Thickness: 04 m

outside inzide
Homogenous layers
3 Hs |a| 7
Thermal resistance: 5124 m2kAW
Heat Transfer Coefficient( U-value): 0,19 WW/m@k
F| o6 | 0,13 s oa

Thickness [m]

© Fraunhofer IBP

Nr Material/Layer P C A Thickness
(fram outside to inside) [kg/m3] [Flkig] [/ mi] [m]

1 |Gypsum-Fibreboard 1153 1200 032 0,01

2 [|Flax Insulation Board DP s 1660 0,035 0,0m

3 |Softwood 400 1500 0,09 0,18

4 |Felt 70 2500 0,04 0,005

5 |Peatlite fill 165 850 0,06 0,032

B |Oriented Strand Board (density: B30 kg/m?) B30 1500 0,13 0,025

7 |Gypsum Board; PCM_jah el 1200 02 0,1

—

~ Fraunhofer

IBP



Energy Efficiency Benefits in Winter

Location and climate
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Energy Efficiency Benefits in Winter

—I— t t . t Temperature | Relative Humidityl Ventilatinnl kax. CO2 Concentration
e m p e r a u re S e - p O I n S Mirimal [heating] | b amimal [ccn:uling]l
Wlth nlght—tlme and [ Use data fram extern file
k d t b k Periodz
Wee en Se - aC S Hr. Begin End Mo Tu ‘We Th Fr Sa Su
1 01.09.2009 .05.2m0 _] Mew
2 0012000 0r1.01.2011 O O | 4 oelete
21°C/ 16°C 3 moeoo o020 O O 0o o o 23 Copy
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e Insert:
IaFter 'I
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0 16 _] Mew
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20 16 Z3 Copy
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Energy Efficiency Benefits in Winter

Internal heat and I Use data from extem file

moisture sources
Mr. Begin End Mo  Tu ‘Wwe Th Fr Sa Su
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o o 2 olo9zo09 01.052010 O O | % oelete
21°C 1 16°C “e
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Energy Efficiency Benefits in Winter

Calculation results
Boston

— Lightweight without PCM
Lightweight with PCM
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Energy Efficiency Benefits in Winter

Calculation results
200

| Lightweight with PCM
B Lightweight without PCM
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Energy Efficiency Benefits in Winter

Heavy-weight external walls

Assembly (Id.2): Masonry wall

outside inside

Homogenous layers
1Rl 3 +

Thermal resistance; 5 4599 mz2 kKA
Heat Transfer Coefficient] U-value): 015 W=k

o108 || 0,2 | o7 Fl

_ Thickness [m]
Thickness: 05 m

. Mater.iaIfLaj,r_er_ ] C A Thickness
(fram outside to inside) [kgim3] [Jkg] [YvS k] [m]
1 |=olid Brick Masonry 1900 B50 0B 0,108
2 |Air Layer 20 mm 1.3 1000 013 a0z
3 |Mineral Woal (heat cand.: 0 04 Wiml<) k0 850 0,04 0z
Concrete, C35/45 2220 850 15 17
5 |Cement Lime Plaster {stucca) 1500 Ll 0.a 0015
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Energy Efficiency Benefits in Winter

Heavy-weight floor

Assembly (Id.4): jah_Boden, massiv

. I outside inzide
omogenous layers
Thermal resistance: 5,181 mZkKAY ! - ) : diad
Heat Transfer Coefficient{ U-value): 0,19 W/m3k
[l oz el ors PP
Thickness: 08 m Thickness [m]
Ny Mater.iaIfLaj,r.er. u] C A Thickness
ifram outside to inside) [ka/m3] [Jkg] [WWmik] [m]
1 |Interior Plaster (Gypsum Plaster) 850 850 0z 0,015
2 |Concrete, C12415 2200 ga0 16 0z
3 |WWood-Fibre Insulation Board 155 2000 0,042 0,03
4 |Mineral Insulation Board 115 aa0 0,043 0175
5 |PE-Membrane (Foly; 0.07 perm) 130 2300 23 0,001
E [Concrete Screed, bottom layer 1990 aa0 15 0023
7 |Concrete Screed, mid layer 1970 aa0 15 0023
8 |Concrete Screed, top layer 1890 tatall] 156 0023
89 |Hardwood B4l 1500 0,13 0,02
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Energy Efficiency Benefits in Winter

Calculation results
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Energy Efficiency Benefits in Winter

Calculation results

Heat energy demand [kWh]
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Conclusions and Outlook

PCM in stucco of EIFS may help to reduce night-time surface
condensation if phase-change temperature range is adapted to
local climate conditions

PCM may reduce the heating energy demand of light-weight
buildings in winter by making better use of solar heat gains

For both applications a small hysteresis is not a problem. It could
be even beneficial

© Fraunhofer IBP % Frau n hOfer
IBP



Conclusions and Outlook

Introducing PCM hysteresis into hygrothermal simulation models

PCM Hysteresis Example 5 K

PCM Hysteresis Example 5 K
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