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AW

Miinchen

2000 2016

www.siemens.d www.apple.de
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Battery life

Impact limit Third floor (asphalt)
Impact protection Built-in
Software-updates unnecessary

Life span Still going

Typing speed SMS 9 characters per sec

2 m (hardwood floor)
Needs adds-one
Once a week

max. 2 years

Damm autocorrection




Wall @ 3500 b.c U

0,5 W/(m?K)




Historical materials
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Historical materials
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EJ BAUENS
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die Holzfaser-Isolior-Plafie

Quelle: Kleine Geschichte der Dammstoffe von W.E. Hennig in wksb 65/2011
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Quelle: Kleine Geschichte der Dammstoffe von W.E. Hennig in wksb 65/2011



Historical materials (1900)
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Historical materials

Gebundene Torfdammplatte ,Torfoleum* ca. 1927 — Foto: FIW Mlinchen




Historical materials T,

Miinchen

Gebundene Torfdammplatte ,Torfoleum* ca. 1927 — Foto: FIW Mlinchen




Historical materials

DYCKERHOFF
DAMMSTOFFE

TorfoleRt

Quelle: FIW

Quelle: Kleine Geschichte der Dammstoffe von W.E. Hennig in wksb 65/2011



Building stock
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Quelle: www.stadtbild-deutschland.org




www.klima-wandel.com

www.kiltz-architektur.de/
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firmenauto.de

Bild: BayWa



struci industry is n |

innovative !

http://www.appel-autofit.de/media/img/altes_auto_low.jpg
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From "no-tech"” to "high-tech”
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— B heat demand for hot water
N‘; B ventilation heat losses
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From "no-tech"” to "high-tech”

www.paultaylorplumbingservices.co.uk/ http://robertsonwindowwashing.com/ FIW Miinchen
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From "no-tech” to "high-tech"

www.paultaylorplumbingservices.co.uk/ http://robertsonwindowwashing.com/ FIW Miinchen
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From "no-tech"” to "high-tech”
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From "no-tech"” to "high-tech” =T

Miinchen

www.paultaylorplumbingservices.co.uk/ http://robertsonwindowwashing.com/ FIW Miinchen
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From "no-tech” to "high-tech™ =T

Miinchen

100
B heat demand for hot water
B ventilation heat losses
80 [ transmission heat losses
60 —

final energy demand [Btu/(ft’a)]

. I 90%
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Quelle: FIW 2012
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Energy Saving Ordinance T,

Miinchen

Maximum values of the u-Value for envelope component retrofit

Walls
- general R 14 R 16 R 24
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Energy Saving Ordinance T,

Miinchen

Maximum values of the u-Value for envelope component retrofit

) 40 %
Walls
- general R 14 R 16 R 24
) 30 %
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Insulation Materials T,

Miinchen

[ organic }

[ natural J

sheep wool
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Applications

L (20)
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Applications =W

Minchen

floors roofs

partion

walls
others

e\ |

Quelle: IAL Consultants 2012

waals
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Miinchen
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£

Miinchen

EPS AR

EPS XPS

)PU/PlR
S~ Sonstige

PU/PIR

Sonstige
Steinwolle

Steinwolle

Glaswolle

Glaswolle

Quelle: GDI Baumarktstatistik 2010
Quelle: IAL Consultants 2012

Gesamtvolumen: ca. 28 Mio m® Gesamtvolumen: ca. 193 Mio m®
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Where is insulation used ? m

100

75

50 —

Anteil [%]

IC Market Forest 2012
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Thermal Insulating Materials and Products =

Miinchen

thermal conductivity / thermal transmission resistance
dimensions and tolerances

mechanical characteristics

behaviour in water (vapour)

fire behaviour (Euro class)

soundproofing characteristics e.g. dynamic stiffness or length-
related air flow restistance
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Standardized insulating materials

inorganic organic
MW Mineral Wool (EN 13162) EPS Expanded Polystyrene (EN 13163)
CG Cellular Glass (EN13167) XPS  Extruded Polystyrene (EN 13164)
EPB Expanded Perlite (EN 13169) PUR  Polyurethane-Foam (EN 13165)

PF Phenolic Foam (EN 13166)
WW  Wood Wool (EN 13168)
ICB  Expanded Cork (EN 13170)
WF  Wood Fibre (EN 13171

= 10 hENs cover approx. 98 % of the market
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CE labeling

DIN EN 13163 DIN

ICS 91.100.60 Supersedes
DIN EN 13163:2001-10 and
DIN EN 13163
Corrigendum 1:2006-06
See start of validity

Thermal insulation products for buildings —

Factory made products of expanded polystyrene (EPS) —
Specification

English version of DIN EN 13163:2009-02

Warmedammstoffe fur Gebaude —
Werkmaldig hergestellte Produkte aus expandiertem Polystyrol (EPS) —
Spezifikation
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Structure of the 10 harmonized CEN-

Standards:

1  Scope

2 Normative References

3 Terms, definitions, symbols
4  Requirements

- for specific applications

Test Methods
Designation code
Evaluation of conformity
Marking and labeling

o N O O

mm) CE-mark
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How can we improve

http://www.planet-wissen.de/
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Heat Transfers by... =W

Minchen

Conduction
Convection

Radiation
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What is an Insulator? T,

Miinchen

Insulators are materials that minimize the transfer
B of thermal energy,
B clectric current, or

B sound.
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Physical Background

$ 1,50 online for 1 can

i :igi nal

BERLINER
LUFT

air of Berlin

el aire de berlin

Iy i e
"air berlinos

http://www.steffen-persiel.de
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Physical Background AW

Miinchen

0,020 ——— :
stagnant air

thermal conductivity of
static gases [Btu/hr ft °F]
o
=
o

Forschungsinstitut fur Warmeschutz e.V. Miinchen | Lochhamer Schlag 4 | 82166 Grafelfing 04.12.2016



Efficient Thermal Insulation =T

Miinchen

Fibrous Structure

Microcellular Structure
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Physical Background 2

Miinchen

Quelle: http://www.bine.info
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Mechanism of thermal conductivity

}\'Total }\‘ convection
A
solid
A
cellgas
Y W
radiation
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Physical Background =T

Miinchen

0,04
glass fibre A

0,03 l

glass fibre B

\\ cellulostic —

0,02 ———r0ck wool—
molded‘\/’\¥ S— -

’ polystyrene

thermal conductivity [Btu/ hr ft °F]

, R —————
polyurethane
0’00 L 1 1 | | | | )
0 1 2 3 4 5 6 7
density [Ib/ft’]
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Physical Background =T

Miinchen

e thermal conductivity of the insulant

N _

thermal conductivity

Quelle: AGI Arbeitsblatt Q132

density
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Physical Background

\ e thermal conductivity of the insulant

e+ contribution of conductivity of static air

thermal conductivity

Quelle: AGI Arbeitsblatt Q132

density
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Physical Background

% \ == thermal conductivity of the insulant
'._ e« contribution of conductivity of static air

. \ ++ contribution of radiation
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Physical Background

% \ == thermal conductivity of the insulant
'._ e+ contribution of conductivity of static air
L3 e« contribution of radiation
o '. e contribution of conductivity of fibres
= “.
> )
© D —
c [ ]
Q .o
[&] A\
© .
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(O] *s .
“_C_' ] PUrY X X ]

000 O ®TT
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ve
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Quelle: AGI Arbeitsblatt Q132

density
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Physical Background

% \ == thermal conductivity of the insulant
'._ e« contribution of conductivity of static air
L3 e« contribution of radiation

o '. e contribution of conductivity of fibres

S '.' e+ contribution of convection

© °
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© 0
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Quelle: AGI Arbeitsblatt Q132

density
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Mineral wool

Forschungsinstitut fur Warmeschutz e.V. Miinchen | Lochhamer Schlag 4 | 82166 Grafelfing 04.12.2016



Efficient Thermal Insulation

Fibrous Structure
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Glas wool 21

MiUnchen




Stone wool AW

MiUnchen
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Development of thermal conductivity 2

Miinchen

mineral wool
07030 I ) ) I T T 1 ] 1

0,025

0,020

0,015 - physical limit

0,010

thermal conductivity [Btu/hr ft °F]

0,005

00| 1 1 1 1 1 1 1 |§
1975 1980 1985 1990 1995 2000 2005 2010 2015
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Development of thermal conductivity T,

B BAU 2013
m 0,0173 Btu/ hr ft °F

SAINT-GOBAIN ISOVER G+H AG
Biirgermeister-Grinzweig-Strafle 1
B7050 Ludwigshafer

Wir bestitigen, dass das Produkt aus Minerabwolla nach EN 13162 mit
aichnung:

"ISOVER Glaswolle 030"

aut der im D 2m2 |l im
Rahmen der F i . in den der Wikrme-
leitfhighet nach DIN 4108-4, Tabebe 2 - Zeile 8, Kategorie |, von

0,030 Wi{m-K)

eingestuft werden kann

Griitelfing, dan 20. Dezember 2012

(). et

LLLLL

Forschungsinstitut fur Warmeschutz e.V. Minchen | Lochhamer Schlag 4 | 82166 Grafelfing 04.12.2016



Development of thermal conductivity =)

Minchen

http://www.outdoorfreunde.net/
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Development of thermal conductivity =)

Minchen

http.//img.archiexpo.de http.//www.baulinks.de/
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Development of thermal conductivity =Y

Miinchen

AerowoAAe®

CREATED BY ROCKWOOL

http.//daemmung.benz-baustoffe24.de
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Development of thermal conductivity 2

Miinchen

mineral wool
07030 I ) ) I T T 1 ] 1

0,025

0,020

R A

0,015 - physical limit

0,010

with aerogel

thermal conductivity [Btu/hr ft °F]

0,005

00| 1 1 1 1 1 1 1 |f;
1975 1980 1985 1990 1995 2000 2005 2010 2015
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New areas of application =)

Minchen

e

Source: Rockwool Source: Rockwool
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New areas of application =)

Minchen

Quelle: www.presseportal.de Quelle: www.presseportal.de
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EPS

polystyrene expanded
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Efficient Thermal Insulation ETY,

Miinchen

Microcellular Structure

Forschungsinstitut fur Warmeschutz e.V. Minchen | Lochhamer Schlag 4 | 82166 Grafelfing 04.12.2016



AW

Miinchen

http.//www.detail.de/uploads/pics/Forschungsprojekt zum WDVS Recycling 01_A 01.jpg
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Quelle: IBHolm
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EPS £

Miinchen

0104l ! ! ! I ! ! ! !

0,03

0,02 \\ total——

\

thermal conductivity [Btu/ hr ft °F]

air é

0,01 \ 5

Wn =

solid PS 2

0,00 —_—————— & T |t-|—g ) O

0,0 0,5 1,0 1,5 2,0 25 3,0 3,5 4,0
density [Ib/ft’]
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Quelle: ZAE Bayern
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EPS

‘‘‘‘‘‘‘‘

o — e IR-Absorber/
IR-R 4
adiation ___"5 g * o -Reflector
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EPS Neopor®

(Ref.: BASF AG, Ludwigshafen/Rh)
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EPS with radiation control ETOY,

Miinchen
T 0,04 r T T T 1 0;4
e p = 0,96 Ib/ft°
<
S 0,03 0,3
m,
=) “~—_ EPS (whit
E white
£ 0,02 N ( ) 02 radiation ]
_g A EPS (grey) solid matrix = — %
3 0,01 - 01 —air :
@ ) =
£
..'C_. 0’00 L | \ A 1 ) O 0,0 €]
0,0 0,5 1,0 1,5 2,0 EPS EPS
density [kg/m®] (white)  (grey)

improvement gained by adding graphite: 14%
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PUR/PIR

Polyurethan / Polyisozyanurat
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I ~
Physical Background 2
Minchen
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PUR/PIR =

Minchen

http://www.ivpu.de/cms/upload/slider/pu_1.jpg
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PUR/PIR =W

Minchen

Bild: FIW Miinchen
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PUR/PIR =Y

Miinchen

http://www.ivpu.de/cms/upload/slider/pu_1.jpg
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PUR/PIR 1Y

Miinchen

open: tight:

']
LRSA L

% O, cellgas
Change of thermal conductivity

cellgas

trea
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Thermal conductivity in W/(m*K)

PUR: A depending on cell gas: Pentane

Facings: black paper Blowing agent: pentane
0,028
| 82 % air 75 % air 75 % air
- 7 ' 75 % air 18 % pentane | 25 % pentane || 25 % pentane

0,D2? - H : W | | TH % air |25 %, pentane - - - ——- b -

75 % air 25 % pentane I = - [ ] -

25 % pentane
0,026 | 40 %air 4.'-1{] ———T

10 % CO2 i P

0,025 = e : - f f

ol rmr o
58 % air T2 % air ] 70 % air 70 % air
42 % pentane || 28 % pentane 30 % pentane || 30 % pentane

0,024
0,023 162 % air - T
| 37 % pentane 72 % air
28 % pentane

0,022 '

| 15 % air
0,021 145 % coz ,

|40 % pentane | | Cell-gas composition in Vol.-%

0.02 | | i | 1 | 1 | | S O L R |
0 1 2 3 4 5 6 7 8 9 10 11

Age in years

12
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. I . -
PUR: A depending on cell gas: CFC 11 T,
Miinchen
U.U3U I
u—5 L =
85 % air
J____..-——" — e > ey e =¥ | 18 % CFC 13 J
-——""_‘ g o 77 % air 77 % ax
23 % CFC 11 (23 % CFC 11
? __.A-—.——‘-——n——--.—.— —Jr——‘.”%* . 75‘*
g 0.025 s, cmm——— | —— J17% CFC 11 . 25 % CFC 11
a __',..—‘—f @ 83 % air 78 % au
§ 17 % CFC 11 2%cFrc1 |
&
gﬁ
5 m spray foam 43 kg/m*, 40 mm
é 0.020 v poured foam 45 kg/m®, 60 mm
?: 4 block foam 37 kg/m*, 35mm
- & laminate 31 kg/m?, 30 mm
o laminate 33 kg/m”*, S50 mm
0015 l 1 1 l L _I ] 1 1
0 5 10 15 20 25 30 35
Duration of testing in years
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PUR/PIR ALY

B Ageing
B Material: strongly depending on cell gas content!
B Facings (metal or non-metal)

B Percentage of closed cells (>95% for industrial produced
boards)

B System: shrinkage = Gaps in the system possible!!!
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Developement Potential: Nanoporous

£

Minchen
Scientific Background: Knudsen/Smoluchowski effect:
0.o3 T T il T
paiin e sE e -
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Developement Potential: Nanoporous




Developement Potential: combining 2
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Super Insulation Materials
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Super Insulation Materials — New IEA Annex T,

Miinchen

Aerogel Based Product Vacuum Insulation Panel Gas Filled Panel
ABP VIP GFP

Thermal conductivity [WAmK)]
= = 2 = =
2 2 g
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Definition T,

Miinchen

e | crteia

Air < 25 mW/(m-K)

Gases < 20 mW/(m-K)
Vacuum < 15 mW/(m-K)
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Aerogels
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Aerogel based on Silica

1000° C

http.//press.aerogel.com/image/Aspen_Aerogels-Flame-n-Finger.jpg
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Aerogels

Conventional cellstructure:

significant influence of cellgas

0,1 mm Mute = 26 mW/(m-K)
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Nanotechnology

one billionth of a meter (10-°)




How many days are.... ETY,

Miinchen

B 1 million seconds = about 11 days.

B 1 billion seconds = about 30 years.
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Nano scacle: Factors of 1000

* [Hair: ™,
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Aerogels

Conventional cellstructure:

significant influence of cellgas

| |
! 0.1 mm ! }"air=26 mW/(m-K)

Nanocellular structure:

no influence of cellgas

| [ — .
100 nm }"aerogel 12 mW/(m K)
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Structure

B SiO2 bonds
B Complex Lattice
B High porosit

B Extremely absorbent
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The trick: Surface Area/Volume T,

Miinchen

Smaller and more pores
increase internal surface area

Reduce conduction and
convection

Trap air better
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Aerogel auf Silikatbasis

loses Granulat: gebundene/gepackte Formen:
0,018-0,020 W/(m-K) 0,014-0,016 W/(m-K)
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Aerogel auf Silikatbasis W

Minchen

http.//img.archiexpo.de http.//www.baulinks.de/
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Aerogel auf Silikatbasis =W

Minchen

Bild: EMPA
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New areas of application =)

Minchen

e

Source: Rockwool Source: Rockwool
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New areas of application =)

Minchen

Quelle: www.presseportal.de Quelle: www.presseportal.de
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New areas of application

e —

Nanoporose Dammstoffe - RAevrage\

Aerogel auf Silikatbasis
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VIP

Vakuumisolationspaneele
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Vakuumisolationspaneele (VIP) T,

Miinchen

40l I I I I I

- Glasfaser
— Pyrogene Kieselsaure
30
" /

. /S
B

1E-3 0,01 0,1 1 10 100 1000
Gasdruck [mbar]

Warmeleitfahigkeit [mW/(mK)]

http.//www.baupraxis-blog.de
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Vakuumisolationspaneele (VIP) T,

Miinchen

Forschungsinstitut fur Warmeschutz e.V. Minchen | Lochhamer Schlag 4 | 82166 Grafelfing 04.12.2016



Vakuumisolationspaneele (VIP) T,

Miinchen

http.//www.baupraxis-blog.de
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Vakuumisolationspaneele (VIP)

EPS ummantelten VIPs
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Vacuum insulation (VIP) AW

Miinchen

g

VIP protected by EPS
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Vakuumisolationspaneele (VIP)

A

VIPs, uberdeckt mit PUR-Da@mmplatten mit diffusionsoffenen Deckschichten
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Alternative Insulation Materials







£

Miinchen

B Flickr/ Ano Lobb
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www.fnr.de

Ezu/Martino Sabia




WY

Minchen

Energiespar-Effekt
Wdarmeregulierung
Germge Verschmuizungsnelgung
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Paint — liquid painting !!!! 2

Miinchen

energiesparfarbe
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Paint — liquid painting !!!!

+25°C

+20°C

+15°C

+10 °C
+5°C

unbeschichtet beschichtet
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£

Miinchen

Paint is not an insulation
material !
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struci industry is n |

innovative !

http://www.appel-autofit.de/media/img/altes_auto_low.jpg
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Efficiency of cars
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Efficiency of cars AW

Miinchen
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Efficiency of buildings =T

Miinchen
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-

Future

sueddeutsche.de
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Requirements =Y

Miinchen

proftec.com
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Requirements

CHEAPER

I'"Smile ,}f{jur Saﬂnﬁ"
a lot of money




Requirements

http.//www.nationalgeographic.de
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