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# | Country City Type of building New/retro. |Year |Climate SIM type: SIM (n?): | Finalized Egllow m?:(;_
1 |[Canada Whitehorse | Office Retro 1988 | Cold VIP 27 2011 Y Y
2 |China Qingdao High rise hotel Retrofitting | 1960 | Oceanic, mild VIP 20,000 |2001 N N
3 |China Suzhou Commercial Retrofitting |- Warm VIP - Y N N
4 |China Taicang Government Retrofitting Warm VIP 50,000 |Y N N
5 |France Nantes Office New 1952 | Medium tempered VIP 40 Y 2014 |Y Y
6 |Germany |Bottrop Single family house| Retrofit 1962 |Cold / wet VIP 60 Y N Y
7 |Germany |Darmstadt |Special building New 2013 Qilrcrto;;European Silcabased Y N N
8 |Germany |Eitting Office New 2013 |cold / wet VIP 45 2014 N
9 |Germany |Marktredwitz | Commercial New 2008 |cold , wet Aerogel 200 2009 Y
10 [Germany |Rheinfelden |Single family house| Retrdit 1861 Q?ilrc;o;II;European Silca based Y N Y
11 |Germany |Rosenheim |3ngle family house | New 2010 | moderate Climate| VIP 110 2010 Y
12 |Germany | Stuttgart Office New 2014 | Cold / wet VIP 80 2014 N Y
13 | Greece Athens Mock-up Retrofit 2011 | Mediterranean VIP 16 Y Y
14 |ltaly Milan Academic building | Retrdit 1965 | Temperate Aerogel 7 Y Y Y
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15 | Italy Turin Mock-up New 2008 Temperate VIP 1.8 2013 Y Y
16 | Japan Fukushima New 2011 VIP 2,576 Y
17 | Japan Osaka Retrofit 2010 VIP 128 Y Y
18 | Japan Shiga Special New 2006 VIP 96 Y
19 | Japan Osaka VIP 3.3

20 | Korea Seongnam | Residential buildingl New 2012 |Warm VIP 250 Y N Y
21 |Korea Seoul Public building New 2011 |Warm VIP 15000 |Y N N
22 |Korea Jeju Public building New 2011 |Warm VIP 2,500 Y N N
23 | Sweden Gothenburg | District heating New 2012 | Oceanic, mild VIP N/A 2017 Y Y
24 | Sweden Gothenburg | Residential Retrofit 1930 | Oceanic, mild VIP 83 2010 Y Y
25 |Sweden | Stockholm | Mock-up Retrofit | 2014 %%nopdgg::; 10 vip 12 ;’r':)%iss Yooy
26 | Switzerland | Oberhallau | Residential / Public| Retrofit 1608 | Temperate wet | Aerogel 200 2008 N N
27 | Switzerland | Rheinfelden | Office Retrofit 1965 | middle European | Silica& VIP 2015

28 |UK London Residential Retrofit g\zﬁn UKstandard VIP 13 2010 [N Y
29 |UK Nottingham | Sngle family house | New 2010 | Cold/Wet aerogel 80 Y Y Y
30 |UK Watford Residential Retrofit 1910 |cold , wet Aerogel 60 2009 Y Y
31 |UK London Single family buse | Retrofit 1840 |cold wet Aerogel& VIP |80 2013 Y Y
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1.1 Configuration 1- Brick Wall in Turin (POLITO)

This configuration represents a typical case of refurbishment of an old wall (built before 1945)
made of solid brick. This wall structure represents a common technology for the existing
residential Italian building stock (corresponding to about 30 % of the overall residential
buildings). Details of the wall section are shown in Figure Erreur! Il n'y a pas de texte
répondant a ce style dans ce document.-1.

Component type |

Wwall

2D Drawings section:

Orientation | All orientation

Picture/3D scheme/additional info:

outdoor side

indoor side

Basic values - termophysical properties

slope | vertical=90°
Component stratigraphy:
Layer:
indoor Material:
15 SILICATE PLASTER

BRICK WALL

SILICATE PLASTER

LEVELLING PLASTER

SILICATE PLASTER

2
3
4
5 vIP
6
7
8

s p pt c Ay R u We sw WA DF £ a
Specifi Thi | Water Vi Wate i Short wave
£ Bulk i BRI erm‘al Thermal g ,er ?pour Reference Water Free Water 0 - ef Drying ong “fave radiation
layer thickness _ Porosity Heat Conductivity, , Diffusion y Absorption radiation .
density % ’ resistance ¥ Content Saturation $eg Factor g & absorption
Capacity  Design Value Resistance Factor Coefficient emissivity coetficiont
m kg/m? mi/m? J/kgK W/mK mK/W - kg/m? kg/m? kg/m’s70.5 -
1 0.020 1303 0.51 1134 0.4405 0.045 11 66.1 404.8 0.087
2 0.500 1400 0.35 1000 0.5500 0.909 19 11.4 319.0 0.177
3 0.020 1303 0.51 1134 0.4405 0.045 11 66.1 404.8 0.087
4 0.005 1249 0.53 1253 0.3193 0.016 14 58.2 362.0 0.020
5 0.020 200 0.90 850 0.0044 4.495 340,000 18.7 731 -
6 0.010 1303 0.51 1134 0.4405 0.023 11 66.1 404.8 0.087 0.9 0,3/0,6/0,9
7
8
9
10
Figure Erreur ! Il n'y a pas de texte répondant a ce style dans ce document.-1. Summary data-
sheet of the analysed wall.
1.1.1  Outdoor weather conditions:
The outdoor weather conditions of Turin (ltaly)

the numerical simulations (Figure Erreur ! Il n'y a pas de texte répondant a ce style dans
ce document.-2 and Figure Erreur ! Il n'y a pas de texte répondant a ce style dans ce

document.-3). Data were extracted from Wufi® 6.0. database (Turin - year 2004).
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20

Jan. Feb. March April May June July Aug. Sept. oct. Nov. Dec.

Time [month]

Sun radiation sum [kWh/m*a) Driving rain sum [mm/a)

4 443 5 798 A_Dil 10|35 “IM I7‘77 1301

Normal rain sum [mm/a}: 838.3
Mean wind speed [nVs]: 5.76
Counterradiation sum [kWh/m?a]: 28528 e
Mean cloud index [-]: 0.73

1.1.2 Indoor climate conditions:

The indoor climate conditions defined in EN 15026:2007 (Hygrothermal performance of
building components and building elements. Assessment of moisture transfer by numerical
simulation) [86] were assumed:

1 Heating season (15" October- 15" April): T = 20 °C and medium and high moisture
load;

f Cooling season (15" April- 15" October): T = 25 °C and medium and high moisture
load.

1.1.3 Design alternatives:

Simulation were carried out on different wall designs, considering four orientations (north, east,
south and west), three different external finishing colours, (bright, medium and dark finishing,
with a solar absorption coefficient U of respectively 0.3, 0.6 and 0.9), two different moisture
load (medium and high) and two different VIP thickness (10 and 20 mm). The resulting
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combinations lead to fourteen design alternatives that are summarised in Table Erreur ! ll n'y
a pas de texte répondant a ce style dans ce document..1.

ﬁgggguratlon Orientation ?o;a(ra f afb?o(r:pitloenn Moisture load Thickness
1.N_B_m_20 Bright 0.3
1.N_M_m_20 NORTH Medium | 0.6
1.N_D_m_20 Dark 0.9
1.E_B_m_20 Bright 0.3
1.EM_m_20 EAST Medium 0.6
1.ED m_20 Dark 0.9 .
- medium 20 mm
1.S_ B m_20 Bright 0.3
1.S M_m_20 SOUTH Medium | 0.6
1.S D m 20 Dark 0.9
1.W_B m_20 Bright 0.3
1.W_M_m_20 WEST Medium 0.6
1.W_D_m_20 Dark 0.9
LWDNI10 |\ esr Dark 0.9 high 10 mm
1.wW_D h 20 20 mm
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1.2 Configuration 2- Pitched Roof i wood frame in Turin (POLITO)

The selected building component is a typical, traditional pitched roof with wood frame covered
by clay tiles. An energy retrofit has been assumed by using VIPs and XPS panels placed on
the indoor side of the attic. Furthermore, an internal gypsum board finishing layer is located
below the insulating layer. Specifications about the roof section are shown in Figure Erreur !
Il n'y a pas de texte répondant a ce style dans ce document.-4.

Component type | Roof | Orientation | All orientation | slope | 28°

2D Drawings section: Picture/3D scheme/additional info: Component stratigraphy:

Layer:

indoor Material:
1 Gypsum board
D_Tse
; G — 2 XS
D_Ts1
4 ©  D_Teav ! il
; I - 4 Al cavity
D_Ts4 q 5 Roof tiles
2
©- D_TsS ]
% g

D_Tsi

outdoor

Basic values - termophysical properties

s P pt c Ay R u We sw WA DF £ a
Short wave
Bulk SHedilc Therm.al Thermal Wat?r V.?pour Reference Water Free Water Watr Lon; B radiation
layer thickness Porosity Heat Conductivity, Diffusion Absorption Drying Factor radiation
density A resistance Content Saturation absorption
Capacity  Design Value Resistance Factor Coefficient emissivity ¥,
coefficient
m kg/m? m?/m? J/kgK W/mK m’K/W - kg/m? kg/m? kg/m?s70.5 - -
1 0.0095 770 0.65 1000 0.250 0.04 10 7.16 551 0.277 0.9
2 0.03 32 0.91 1500 0.034 0.88 227.32 0.006 905 8E-06
3 0.02 200 0.9 850 0.00445 4.50 340000 18.71 73.08 -
4 0.097 52 0.999 1020 0.590 0.16 0.15 0.0138 0.0173 1E-07
5 0.02 1700 0.32 840 0.700 0.03 2829 0.5 239.86 0.0312 0.9 0.5
6
7
8
9
10
1.2.1  Outdoor weather conditions:

Weather conditions are the same used for simulating Configuration 1 (1.1).

1.2.2 Indoor climate:

Indoor weather conditions are the same used for simulating Configuration 1 (1.1).

1.2.3 Design alternatives:

Simulation were carried out on different roof design alternatives, considering four orientations
(north, east, south and west) and three different external finishing colour, (bright, medium and
dark finishing, with a solar absorption coefficient U of respectively 0.3, 0.6 and 0.9). The
resulting combinations provided twelve design alternatives that are summarised in Table
Erreur ! ll n'y a pas de texte répondant a ce style dans ce document..2.
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ﬁg;@guratlon Orientation S(.:oloare ?bfoirpé'?ne Moisture load Thickness
2.N_B_m_20 Bright 0.3

2.N_M_m_20 NORTH Medium | 0.6

2.N_D_m_20 Dark 0.9

2.E_B_m_20 Bright | 0.3

2.E_M_m_20 EAST Medium | 0.6

2.E_D m_20 Dark 0.9 .

- medium 20 mm

2.5 B m_20 Bright 0.3

2.5 M_m_20 SOUTH Medium | 0.6

2.5 D m_20 Dark 0.9

2.W_B m_20 Bright 0.3

2.W_M_m_20 WEST Medium | 0.6

2.W_D m_20 Dark 0.9
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1.3 Configuration 3- Ventilated wall in Stockholm (KTH)

The building component represents a wall of light aggregate concrete with glued on exterior
insulation of VIPs embedded in two layers of EPS sheets. Outside cladding consists of 12 mm
facade boards with 2 mm rendering. The facade cladding is mounted with L-shaped profiles
and is ventilated by the means of a 20 mm air gap.

Compenent type

\ Wall

Orientation ‘ SOUTH=0° EAST=-90° WEST=90"

2D Drawings section:

| Inclination | vertical=90° |

Component section:

Picture/3D scheme/additional info:

Layer:
[ |:: indoor Material:
|
| 1 Aerated concrete blocks
2 EPS
3 VIP envelope
.
5 g Q' 4 VIP core
o
5 E 5 VIP envelope
o
v A 6 EPS
| } (XN 7 Ry
| N S —— — —— = 3 Board
| 9 Rendering
P The renovated wall in a climatic chamber ...
outdoor |
5 D pt c Ay R u We Sw wa DF & a
Specific el Water Vapour \water Long waye  Shertwave
\aver Hrickress Bulk Forosit T—laal Conductivity, Thermal Diffusion Reference Free \water Absorofion Dirving rad?atmn radiation
4 density ¥ Capacit Design resistance Resistance ‘Water Cantent  Saturation Cuefﬁzlsnt Factar crmissivit absarption
Pty Walue Factor Y coefficient
mm kg et Wkgh, il ekl 3 kgr? ks 05
Aerated concrete blocks 160 400 0.81 850 0.1 7 RF 80%
EPS 10 15 0.95 1500 0.04 30 RF 80%
VIP envelope 0.0003 1000  0.001 1000 200 200000 1]
viP 50 200 0.95 1000 0.005 11 1]
VIP envelope 0.0003 1000 0.001 1000 200 200000 1]
EPS 20 15 0.95 1500 0.04 30 RF 80%
Air gap (ventilated) 20 1.3 0.999 1000 0.13 0.56
boards 13 1610 0.15 850 0.13 83.3 RF 80%
Rendering 15 1360 0.49 850 0.9 81 RF 80% 0.9 0.5

Appendix B 5



1.3.1 Outdoor weather conditions:

Temperature

— ra
= O

-
=

Temperature [*C)
=

-01-01 -04-01 -07-01 -10-01 -12-31
Date

Relative Humidity
100

80

60

40

Relative Humidity [%]

20

)
-01-01 -04-01 -07-01 -10-01 -12-31
Date

Figure Erreur ! Il n'y a pas de texte répondant a ce style dans ce document.-6. Summary sheet of
the analysed wall configuration.

1.3.2 Indoor climate:
The indoor climate condition of EN 15026:2007 was used for the simulations

1.3.3 Design alternatives:

One design alternative for four orientations.
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1.4 Configuration 4- Internal wall insulation in Nancy (CSTB)

Two interior wall configurations were selected to represent two kinds of wall structure: masonry
block and wood frame. VIP panels were placed against the structure while a plaster board was
located on the internal side, separated from the VIP by an air gap. A strip of aerogel fibre mat
was placed above the VIP to simulate the presence of a filler. An air space of 0.5 mm between
two VIPs allowed to simulate a junction between two VIP. For wood frame configuration, a
ventilated cladding was supposed on external side. It was not simulated because assumption
was made that it was sufficiently ventilated so that conditions were the same on both sides of

the cladding.

1.4.1  Configuration Al: masonry block structure

Componant type | Wall | Orientation | North | Inclination | Vertical = 90°
2D drawing section Picture / 3D scheme / additional info: Component statigraphy
i i Layer:
z@ indoor Material:
Z 1 Plaster board
Z 2 Air cavity
2 3 VIP
Ext. 728 Int. 4 Aerog.el fl.ber mat
7 5 Air cavity (junction)
e 6 Masonry block
Z 7 Hydraulic Coating
1 %
7

outdoor

Basic values - thermophysical properties
h

s ’ pt c ot R > We SW WA DF ¥

- Short wave
. Bulk . Specific Thermgl Thermal Wa‘Fer vgpour Reference wate Free water W"“e.r Drying Long wave radiation
layer thickness . Porosity Heat  conductivity, X Diffusion X absorption radiation X
density ! Ny Resistance : content saturation S factor ... absorption
Capacity Design value Resistance Factc Coefficient emissivity S
coefficient
m kg/m® m%m?® J/kgK W/mK mKW - kg/m® kg/m® kg/m’s"0,5 -
Plaster Board 0,013 850 0,65 850 0,2 0,065 8,5 6,3 400 0,287- 0,9 0,6
Air cavity 0,018 13 0,999 1000 0,13 0,138 0,56- - - - - -
VIP 0,02 200 0,9 850 0,00445 4,494 340000- = = =
Aerogel fiber mat 0,02 146 0,92 1000 0,014 1,429 4,7 6,6 213 0,0004-
Air cavity (0,5 mm thick 0,02 1.3 0,999 1000 0,13 0,154 0,56- - - -
Masonry block 0,16 1900 0,29 850 1 0,16 28 25 250 0,045-
Hydraulic coating 0,015 1900 0,24 850 1 0,015 10 45 210 0,03- 0,9 0,6
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1.4.2

Configuration B1: Wood frame

Componant type [ Wall ] Orientation | North | Inclination [ Vertical = 90°
2D drawing section Picture / 3D scheme / additional info: Component statigraphy
N Layer:
z@ indoor Material:
1 Plaster board
2 Air cavity
3 VIP
4 Aerogel fiber mat
Bxt. Int. 5 Air cavity (junction)
6 Spruce
7 Fiber wood insulation
8 Plywood
outdoor
s ’ pt c et R > Wc SwW WA DF B h
- Short wave
. Bulk . Specific Them.]afl Thermal Wal.er Vépour Reference wate Free water Wate.r Drying Lon.g M.Iave radiation
layer thickness . Porosity Heat  conductivity, X Diffusion . absorption radiation X
density s . Resistance N content saturation . factor ... absorption
Capacity Design valug Resistance Factc Coefficient emissivity S
coefficient
m kg/m® m¥m? JIkgK W/mK mKIW - kg/m® kg/m® kg/m’s"0,5 - R R
Plaster Board 0,013 850 0,65 850 0,2 0,065 8,5 6,3 400 0,287- 0,9 0,6
Air cavity 0,018 1,3 0,999 1000 0,13 0,138 0,56- - - - - -
VIP 0,02 200 0,9 850 0,00445 4,494 340000- - - - - -
Aerogel fiber mat 0,02 146 0,92 1000 0,014 1,429 4,7 6,6 213 0,0004- = =
Air cavity (0,5 mm thick 0,02 13 0,999 1000 0,13 0,154 0,56- o o o o ©
Spruce 0,14 600 0,72 1600 0,13 1,077 130 80 600 0,0004
Fiber wood insulation 0,14 53 0,96 2100 0,039 3,58974359 1,35 7 180 0,042
Plywood 0,012 650 0,9 1500 0,13 0,09230769 169 92 636 0,001

1.4.3 Outdoor weather conditions:

The weathers conditions of continental climate of Nancy (France) has been chosen for the
simulations.

Temperature

30

20
10

Temperature ["C]

10

0101/

0110/

Relative Humidity

Felative Humidity [%]

0110/
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Sun Radiation Sum [kWh/m?a] Driving Rain Sum [mm/a]

HW NE NW 200

s s

Figure Erreur ! Il n'y a pas de texte répondant a ce style dans ce document.-10.-: Solar radiation
(left), driving rain and mean wind speed (right).
North orientation of the wall is considered. Driving rain absorption is only supposed for masonry
block configurations. For wood frame configurations, it was supposed that the cladding (not
taken into account in simulations) protects the wall from driving rain.

1.4.4 Indoor climate:

Two kind of indoor climate have been considered. Firstly, indoor climate conditions of EN
15026:2007 (Hygrothermal performance of building components and building elements.
Assessment of moisture transfer by numerical simulation) were assumed. Two levels of
moisture loads were investigated: medium moisture load and high moisture load.

40 80
3c 70 <
=) 60 =
.30 =
: s0 5
2 . T
©25 v
é 20 2
b T
2 20 30 =
15 20
0 2000 4000 6000 8000
Time (h)
Tint ——RHint medium load ——RHint high load

Figure Erreur ! Il n'y a pas de texte répondant a ce style dans ce document.-11: Indoor climate

conditions in case of room with medium or high moisture load boundaries.
Secondly, surface temperature and humidity of a wall backwards a thermal heater were
assumed. The surface temperature was calculated from a simplified thermal balance taking
into account radiation from the radiator to the wall, convection, indoor air advection between
wall and radiator and conduction through the wall as described on Figure Erreur ! Il n'y a pas
de texte répondant a ce style dans ce document.-12 (a). The average temperature of the
heater was defined from the heating curve shown on Figure Erreur ! Il n'y a pas de texte
répondant a ce style dans ce document.-12 (b).
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The surface relative humidity was defined from the indoor relative humidity according to EN
15026:2007 [86] (medium load), and previously calculated surface temperature. Temperature
and relative humidity of the wall backwards a thermal heater is presented on Figure 4.26.

1.45 Design alternatives:

For each configuration, two variants were proposed: either the VIP was unprotected (Al and
B1) as mentioned previously, or it was protected by a 5 mm thick layer of EPS (A2 and B2). In
this case, the continuity of EPS at the junction between two VIP is supposed. These variants
are described in the following tables.
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