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Mission EMPAQ
Empa — Bridging Research and Applications
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Empa in Numbers (2011) EMPAQ

Materials Science & Technology

3 Sites Duibendorf, St. Gallen, Thun

5 Departments 37 Laboratories

959 Employees (870 FTE; about 30% Women)
of which 24 Professors
140 PhD Students
40 Apprentices
plus 200 Master Students & Interns

Budget 97 Mio. CHF Public Funding
50 Mio. CHF Third Party Means

Scientific Output > 500 Peer-reviewed (SCI/E) Publications
85 Seminars & Conferences at Empa-Academy

Third Party Projects > 50 running Projects EU Framework Programmes
> 90 running SNSF Projects
80 running CTI Projects



The big Challenges of the Future EMPAQ

Materials Science & Technology

Health Climate/Environment Scarcity of Resources Energy Renewal of Infrastructure
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Final Energy Use CH 2010 EMPAQ

Materials Science & Technology

End User Costs:
CHF 30.5 Billions

Nuclear
Power

Schweizerische Energiestatistik 2010, BfE
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Challenges of the Future I EMPAQ

Materials Science & Technology

Reduction of the emission
of green house gases

Reduction of the
dependence on
foreign countries

regarding

Nuclear energy supply

phaseout
2019 (2013?)
-2034



Final Energy Use CH 2009 EMPAQ

Materials Science & Technology

Industry,
Services,
Agriculture: 24%

Mobility: 29% Buildings: 47%

Analyse des schweizerischen Energieverbrauchs 2000-2009
nach Verwendungszweck, 2010, BfE



Energy Demand of Residential Buildings In
Switzerland as Function of the Year of Construction
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Energy Demand of Residential Buildings In
Switzerland as Function of the Year of Construction

1900 1925 1950 1975 2000 2025 2050

150

New
Buildings

kWh/m2a 20 40 60 Mill. m?



From Materials
Aerogel Plaster

« Lower thermal conductivity than conventional insulation
materials: 25 mW/m*K

« Application by standard methods

e Purely mineralic material

* Open for water vapour difusion

About 85% nanoporous aerogel
granulate is used as additive for the
light weight plaster




Applications: Half-timbered Houses

Schnitt horizontal 1:10

> Gipskartonplatte 2—fach

#—— Mineraiwolle / Lattung
— & Duripans

165 cm

§——— Huochieistungsdammputz
h~30mW/mK)
~e—— Amisrungsputz mit
Gewebe, Silikatdeckputz,
Anstrich

aussen
Dammung in Gefache

Schnitt horizontal 1:10

Innen
12.5 mm .._ Gipskartonplatta
50 mm ---------- ..— Hochleistungsdammputz
- 3 3 (o~ 20 mMW/ MK )

2040 mm -} oo
i B & Kalkpuiz

— Vuallziagal

- Silikatputz, Anstrich

aussen

‘L und / oder

Innendammung (Dammputz direkt auf Ziegel)



From Materials to Systems: Seasonal Heat Storage

Average Values for Zurich
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Chemical Heat Storage with NaOH
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Charging

Discharging

Storage density: 7 times higher than for water at 30°C



Chemical Heat Storage with Ettringite

Calcium sulfoaluminate (CSA) clinker (commercially available)
limestone, bauxite and anhydrite + rotary kiln = 1250°C
main phase: ye‘elimite (4Ca0-3Al,0,-S0,)

blended with
15-25% calcium sulfate (gypsum, anhydrite) and/or Portland cement (OPC)

main hydration product: ettringite @ 40% CSA + 40% gypsum + 20% OPC ettringite

=> 81% ettringite "

@ 75% CSA + 25% gypsum
= 68% ettringite

CLLssB2BBESLERE88RABY

O 100% OPC

ettringite

00 0.1 02 03 04 05 06 07 08 09 1.0
Portland cement (OPC)

600 kJ/kg ettringite
3Ca0-Al,0;-3CaS0O,-32H,0 « Ca0-Al,04-3CaS0O,-12H,0 + 20H,0




From Materials to Systems to Buildings

Retrofit Advisor

* Rapid analysis of to potential for retrofitting of existing
multy-family houses

« Evaluation of economic , energetic , environmental and
social aspects

« Supporting the selection of the appropriate option: Repair,
renewal or demolition and new construction

« Focus on renewal with an energy performance of
30-50 kWh/(m2-a) (Minergie to Passive House)



Retrofit Advisor
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Retrofit Advisor




Mult-family residential building
Zurich,
Architect Beat Kampfen

Multi-family residential building
Zug, Architect Reto Miloni




Adaption of communities towards SELF-REGULATING ENERGY systems




Adaption of communities towards SELF-REGULATING ENERGY systems

Demolition of some houses
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Adaption of communities towards SELF-REGULATING ENERGY systems

Batiment a énergie positive réalisé
dans le quartier a haute densité
d’habitation de Matthaus a Bale
(Feldbergstrasse 4-6, batiment de
1896, inscrit au patrimoine,
combinaison d'une sur isolation
thermique, d'implantation de
capteurs solaires thermiques et
photovoltaiques et de mise en place
de réservoirs saisonniers de chaleur
dans l'immeuble) (Prix Solaire
Suisse 2009




Adaption of communities towards SELF-REGULATING ENERGY systems




Adaption of communities towards SELF-REGULATING ENERGY systems




Adaption of communities towards SELF-REGULATING ENERGY systems

Energy Hub: energy conversion
unit
conditioning, storage, distribution




Adaption of communities towards SELF-REGULATING ENERGY systems

Local energy resources:
biomass, wind-energy




Adaption of communities towards SELF-REGULATING ENERGY systems

Community integration
heating/cooling, IT, electricity networks. Flexibility.




Adaption of communities towards SELF-REGULATING ENERGY systems

City scale

community



Adaption of communities towards SELF-REGULATING ENERGY systems

Regional

National scale

scale
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Energy Demand of Residential Buildings In
Switzerland as Function of the Year of Construction

1900 1925 1950 1975 2000 2025 2050
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Technology
Transfer

............

s, Sprrerenananend

Demonstration
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Vision NEST: Center for Sustainable
Construction Science and Engineering

Large scale research backbone, a kind of inverse Lab that
enables:

m Holistic research: materials - components - systems - users
(incl. living and working environment, e.g. guest house)

m Provides real life conditions (scale, environment, users)

m Dynamic, adaptable, flexible and modular

m Attractor for national and international partners from academia and
industry

Benefits:
m Boosting innovative edge of (Swiss) construction industry
m Technology Transfer Platform

m Development and demonstration of new solutions for local and
global challenges in the built environment with clients
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A Holistic and Sustainable Approach




Materials Science & Technology

EMPAQ
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