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Issues 

 Sustainable Buildings & Building Labels (e.g. Minergie-P-Eco ®) 
 Energyconcepts & Optimizing Envelopes/shells of buildings 
 Building technology 
 Renewable energy 
 Analysis of the state of older buildings 
 Improvement of the energy consumption / energy efficiency in companies 
 Measuring & Simulations 
 Refurbishment of buildings 



Rosemarie Gantner 
Lenum AG 
gantner@lenum.com 
www.lenum.com 
www.energiekonzepte.ch 

Material technology 
Sustainable Buildings  
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Contents 

 Sustainable Building Materials 
 Materials and Embodied Energy 
 Life Cycle Assessment LCA 

Example Cement 
 Buildings and Sustainability 

“National Archive” 
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Building Materials – an Overview 
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Material Trends in General 

At the end of the lecture on materials you should understand that 
 
 construction involves huge material flows 
 materials interact with humans and the environment along their 

life-cycle 
 
 
 

Source: Grecia Matos and Lorie Wagner: 
Consumption of Materials in the United 
States, 1900-1995 
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Classification of Building Materials 
by chemical-physical Properties 

 Metals (iron and non-iron) 
 Organic materials 

 renewable  (wood) 
 non-renewable (plastics, bituminous) 

 Inorganic materials (glass, cement, ceramics, stone) 
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Classification of Building Materials 
by area of application 

 Load bearing structure 
 Envelope 
 Insulation 
 Flooring 
 Interior wall coatings 
 Etc. 
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Classification of Building Materials 
by degree of processing 

e.g. limestone/gravel 

e.g. cement 

e.g. reinforced concrete 
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Classification of Building Materials 
by sustainabilty 

 Renewable 
 Recyclable 
 Non-toxic  
 Biological cycle and technical cycle 
 

 

 non-renewable 
 non-recyclable 
 Toxic 
 no cycle 
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Characteristics of Sustainable Building Materials 

 Renewable or  
 Sufficient available (e.g. limestone/gravel) 
 Durable, long-lasting 
 Recyclable 
 Non-toxic  (without toxic substances) 
 Closed cycle 
 Low Embodied Energy 
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Materials and Embodied Energy 
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Embodied Energy  

Total embodied energy = total grey energy  
= total cumulated energy demand  

processing, transport 
manufacturing  etc.  

renewable non 
renew. 

Often only the non 

renewable part is 

included! 
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Building Construction Materials - Mass and Embodied Energy 
Typical composition of a German single family residential building   

Weight 

[metric tons] 

Material  Embodied energy [MJ/kg] 

190 t Stone, Gravel, Sand 0.09-0.3 

100 t Blocks, Bricks  0.8 - 2.7 (concrete block - fired clay) 

29 t  Cement 5.2 

20 t Steel 13.0-38.5 (reinforcement bar - structural)  

10 t  Wood 3.6-6.5 

1.2 t Aluminum  

Copper 

Plastic 

Glass 

400 (structural, not recycled) 

100 

80-140 

15 

<1 t Insulation 

Paint, Caulks and 

Sealant, Adhesive etc. 

18-95 
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Embodied Energy 
Summary 

Renewable Raw  
Materials 

0 25 50 100 200 

Minerals: Physically 
Processed 

Minerals: Thermally 
Processed 

Base 
Chemicals 

Plastics and 
synthetic Materials 

Metals 

[MJ/kg] 

Embodied Energy 
of 1 kg Oil 
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Life Cycle Assessment - LCA 
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Life Cycle Assessment – What is it? 

 Life cycle assessment is the process of evaluating the total 
effects that a product has on the environment (including human 
health) over its entire existence –starting with resource 
extraction and production, and continuing through to its eventual 
disposal   -> “from cradle to grave” 

 It accounts the energy and resource inputs, as well as the 
polluting outputs to land, water and air that result from the 
production, use and disposal of a product. 

 It is a decision-making tool aiming at the right decision from an 
environmental point of view 
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technosphere 
(man made) 

ecosphere 
(natural environment) 
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processes 

resources 

emissions 
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cement 

resources 

lime 

1.16kg 

marl 

0.35kg 

gypsum 

0.03kg 

crude oil 

2.3MJ 

processes 

transport 

electricity 

emissions 
CO2 

0.88kg 

NOx 

13g 

SOx 

0.9g 

CH4 

5mg 

electricity 

8kgkm 

1kg 

0.3MJ 
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Buildings and Sustainability 
Interaction of Buildings with the Environment and Users along their Life Cycle 

 



nv029_pt_131107_cipra Page 43 

4 manufacturing of building 
materials / components  

disassembly / 
demolition 

9 

recycling 

10 

disposal: 
landfill 
incineration 

11 

resource extraction 

1 

5 on-site 
construction 

8 

renovation 

2 
transportation 

3 
energy production 

6 

7 
occupancy & 
maintenance 

Life cycle of a building 



nv029_pt_131107_cipra Page 46 

Application of LCA on construction 
elements 
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Foundation 

Structure and Shell 

Technical Installations 

Interior Finishis 

Floors 
Roofs 

Interior walls 
Windows 
Exterior walls 

Construction elements 

Electrical 
Heating 
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Liechtensteinisches Landesarchiv 

Type:  archive, administration und Verwaltung 
Year of Construction: 2009 
Cost:  29.4 Mio CHF 
Label: MINERGIE-P 
Data: 
• Energy Efficiency: A,  
   32 kWh/m2a 
• Energy ref. Area : 4564 m2 

• Volume SIA 116: 15„000 m3 

Description: Ground water heat pump, ventilation 
with heat recovery 
Construction: concrete with facade in clinker brick  

National Archive 

Kaundbe architekten 
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Landesarchiv 

Source: Kaundbe Architekten AG 
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Landesarchiv 

Source: Kaundbe Architekten AG 
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Building mechanical system 

 Low-tec system  
 Ground-water heat pump and cooling 
 Minimized distribution systems 
 Central monitoring of all components 
 

Source: Kaundbe Architekten AG 
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Passive systems for climatisation 
‚Prosorb„ for moisture storage  

 No maintenance, flexible and simple system 
 Storage of excessive moisture during summer; 

release of moisture during dry winter month 
 Passive system without any technical 

influence or energy demand 
 

 

Source: Lenum AG 

Source: Kaundbe Architekten AG 
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Passive systems for climatisation 
Intelligent ventilation strategy 

Source: Kaundbe Architekten AG 
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Winter Summer 

Unconditioned air by ventilation system:  
= Low energy demand (Landesarchiv) 

Passive conditioning by “Prosorb-Elements” 
(Landesarchiv) 

Regular ventilation system - high energy demand 
for conditioning 

 Simple ventilation system 
 Heating and cooling 
 Dehumidification (low) 

 „Prosorb‟ elements for passive conditioning 
 Low energy demand, because there is no 

constant air conditioning 
 Passive system works also in case of 

ventilation errors 
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Durable, resistant construction 

 Floor covering with resistant wooden parquet 
 Stone covering of the façade 
 

Source: Kaundbe Architekten AG 
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Load bearing structure 

 Massive concrete elements for primary 
structure 

 Building works against the pressure loads of 
the mountain 

 

Source: Kaundbe Architekten AG Source: Detail Green, 02/10 
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Summary 

 Building in Minergie-P Standard (equal to “Passive house” 
Standard) 

 Minimized, efficient, low-tec energy system 
 Focus on passive systems for climatisation and moisture control 
 Durable, resistant construction against natural forces and 

climatic influence 
 Flexible room structure (where needed) 
 Structural challenge due to the mountain (high pressure loads) – 

building works as a stabilization for the mountain 
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Archiv- und Verwaltungsgebäude 
Ergebnisse der Ökobilanz, Graue Energie 

 Summe Graue Energie:  
  132 MJ/m2a → Zielwert knapp eingehalten 
 Konstruktion des Gebäudes C:  
  51 MJ/m2a bzw. 39% der GE 
 Ausbau Gebäude G:  
  14 MJ/m2a bzw. 11% 
 Decke C 4.1 ist Bauteil mit höchstem  
  Wert an GE, 15 MJ/m2a 
 Bodenbelag G2 im Vergleich zu anderen     
  Gebäuden mit 7 MJ/m2a sehr tief 

0
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[MJ] Graue Energie - pro [m2] Energiebezugs-
fläche und Jahr

Zielwert  SIA 
2040 Büro 
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[kg CO2] Treibhausgasemissionen - pro [m2] 
Energiebezugsfläche und Jahr

I 1.2/2.1 Böschungssicherung, Stützmauer

G 4 Deckenbekleidung, Dachbekleidung

G 3 Wandbekleidung, Stützenbekleidung

G 2 Bodenbelag

G 1 Trennwand

F 1 Dachhaut

E 3 Einbauten zu Aussenwand

E 2 Äussere Wandbekleidung über Terrain

E 1 Äussere Wandbekleidung unter Terrain

D 8 Wasseranlagen

D 7 Lufttechnische Anlagen

D 5 Wärmeanlagen

D 1 Elektroanlagen

C 4.4 Dach

C 4.1 Decke

C 2.2 Innenwandkonstruktion

C 2.1 (B) Aussenwandkonstruktion (über Terrain)

C 2.1 (A) Aussenwandkonstruktion (unter Terrain)

C 1 Fundament / Bodenplatte

B 6.2 Aushub, nicht kontaminiert

Zielwert - Effizienzpfad Energie 

132 MJ/m2a entsprechen  
3.1 l Heizöl/m2a 
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Archiv- und Verwaltungsgebäude 
Vergleich UBP, GE und Treibhausgasemissionen 

• xxx 
• xxx 
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C 2.1 (B) Aussenwandkonstruktion (über Terrain)

C 2.1 (A) Aussenwandkonstruktion (unter Terrain)

C 1 Fundament / Bodenplatte

B 6.2 Aushub, nicht kontaminiert

Zielwert - Effizienzpfad Energie 
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Archiv- und Verwaltungsgebäude 
Kumulierter Energieaufwand über Erstellung und Betrieb 

• xxx 
• xxx 
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Conclusion results LCA‘s of new buildings  

 Compact building 
 At least 3 upper floors 
 Little basement floor (below ground) 
 Little energy intensive materials 
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Vielen Dank für Ihre Aufmerksamkeit 
 
Thank you for your attention  
 

 


	Lenum
	nv029_pt_131107_Building_Materials


