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ee4 Background   I   Climate Change - Consequences

~ 125.000.000.000 $

~ 1.800 dead people

Katrina
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50%
site energy

Background   I Energy Consumption Of Buildings

buildings

traffic

industry



ee6 Background   I   Increase Of Emerging Nation

+ 60%
(2030)
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50 % 

Background   I Material Consumption



ee8 Background   I    Waste Accumulation

60 % 



ee9 Background   I   Development Of Living Space

Kapsel Hotel, Tokyo

19,0 m² >> 44,0 m²



ee10 Background   I   Land Consumption

Kapsel Hotel, Tokyo

129 ha/d 
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1903
first controlled engine powered flight

Orville Wright spent 12 seconds in the air and covered a 
distance of 37m. 

Speed: 10,8 km/h.

1969 
first manned moon landing

The Apollo-11-Mission circled in
8 days and 3 hours 30 times around the moon and covered the 

distance from earth to moon with 10,8 km per second. 

Speed: 38.880 km/h.

66a

Background   I   Development Of Technical Performance
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~ 1903 = 26l/m2a ~ 1969 = 23l/m2a

66a?

Background   I Development Of Building Performance
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> Energy-Efficient 
Design



ee14 Energy-Efficient Design   I   Development Of Building Energy Consumption



ee15 Energy-Efficient Design I   Integral Planning

boundary conditions

climate

use

law

design

ecology
(CO2-emssion)

economics
(life cycle costs)

cultur
(acceptability)

architecture
(design quality)

evaluationenergy optimized building concept

minimize energy 
consumption

optimize energy 
supply
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energy efficiency renewable energy

Energy-Efficient Design I 10 Points Of Energy Building Design

minimize energy consumption
(building shell)

optimize energy supply
(tech. equipment)       

conserve thermal energy efficiently gain and storage 
thermal energy

avoid overheating          use efficient cooling                     

use natural ventilation

use natural lighting

use efficient mechanical 
ventilation

optimize artificial lighting

conserve electric energy decentralize energy production
use renewable energy

heating

cooling

ventilation

energy

lighting
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> State Of The Art -
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The Competition

Solar Decathlon 2007   I   Competition

… International University Competition

… U.S.Department of Energy

… 3rd time after 2005 and 2002

… „Year 2015 Prototype Home“

… German Innovation, Research

and Design

… National Mall, Washington D.C. 

… 150.000 visitors



ee20 Solar Decathlon 2007   I   Building Design

- principle of layers

- core

- platform
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working space

living area

Solar Decathlon 2007   I   Building Design
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kitchen

Solar Decathlon 2007   I   Building Design



ee23 Solar Decathlon 2007   I   Building Design

bed dinner table



ee24

barhroom

Solar Decathlon 2007   I   Building Design



ee25

porch

Solar Decathlon 2007   I   Building Design
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Integral Planning

Solar Decathlon 2007   I   Energy Concept

Passive Technologies Active Systems



ee27 Solar Decathlon 2007   I Energy Concept

Passive Technologies



ee28 Solar Decathlon 2007   I Energy Concept

Passive Technologies

. compact building



ee29 Solar Decathlon 2007   I Energy Concept

Passive Technologies

. compact building

. highly insulated shell



ee30 Solar Decathlon 2007   I Energy Concept

triple glasing – U-value: 0,5 W/m2K

quadruple glasing – U-value: 0,3 W/m2K 
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Passive Technologies

. compact building

. highly insulated shell

. Overheating protection, passive   
solar gains
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Passive Technologies

. compact building

. highly insulated shell

. Overheating protection, passive   
solar gains

. thermal mass through
Phase Changing Materials



ee33 Solar Decathlon 2007   I Energy Concept

Passive Technologies

. compact building

. highly insulated shell

. Overheating protection, passive   
solar gains

. thermal mass through
Phase Changing Materials

.nightly cross ventilation
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Tx

Ti

Solar Decathlon 2007   I Energy Concept

Passive Technologies

. compact building

. highly insulated shell

. Overheating protection, passive   
solar gains

. thermal mass through
Phase Changing Materials

. nightly cross ventilation

. passive cooling system



ee35 Solar Decathlon 2007   I Energy Concept
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PCM

500 Liter Tank

Solar Decathlon 2007   I Energy Concept



ee37 Solar Decathlon 2007   I   energetic concept

Active Systems



ee38 Solar Decathlon 2007   I   energetic concept

Active Systems

. photovoltaic-modules



ee39 Solar Decathlon 2007   I Energy Concept

Roof:

40 Sunpower SPR-215 moduls
3° angle – flat roof integration

performance:  9kWp

Porch:
6 Scheuten glas-glas-moduls with
transparent PV-Cells

Sunscreen, weather protection & energy gain

performance: 2kWp 



ee40 Solar Decathlon 2007   I Energy Concept

- total: 48 frame elements / 1488 lamellae

- with PV: 34 frame elements / 1054 lamellae

- performance: east/west: 0,5 kWp, south 1kWp
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Active Systems

. photovoltaic-modules

. solarthermal collectors
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Active Systems

. photovoltaic-modules

. solarthermal collectors

. compact device, heat pump,
heat storage tank, heat recovery
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Active Systems

. photovoltaic-modules

. solarthermal collectors

. compact device, heat pump,
heat storage tank, heat recovery

. energy-efficient appliances



ee44 Solar Decathlon 2007   I Energy Concept

Active Systems

. photovoltaic-modules

. solarthermal collectors

. compact device, heat pump,
heat storage tank, heat recovery

. energy-efficient appliances

. energy-efficient lighting
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ee49 MIH   I   Research Project  I  Development Of An Sustainable Prototype Home



ee50 MIH   I   Research Project  I  Development Of An Sustainable Prototype Home



ee51 MIH   I   Design Development



ee52 MIH   I   Life Cycle Analysis
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ee54 MIH   I   Life Cycle Analysis



ee55 MIH   I   Energy Concept



ee56 MIH   I   Energy Concept (Sabina)



ee57 MIH   I   Energy Concept (MIH)
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ee59 MIH   I   Life Cycle Analysis



ee60 MIH   I Infrastructure



ee61 MIH   I   Life Cycle Analysis
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Quelle: Energie Atlas; Hegger et. al.; 2007

MIH   I   Energy Consumption - Density
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Quelle: Energie Atlas; Hegger et. al.; 2007

MIH   I   Energy Consumption - Density
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Ich danke für Ihre Aufmerksamkeit!

Ausblick  
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„Those who work on the future,
Will never be unoccupied !“

Dr. Franz Alt
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Dipl.‐Ing. Isabell Schäfer
Fachgebiet Entwerfen und Energieeffizientes Bauen [FGee]

Fachbereich Architektur
Technische Universität Darmstadt

ischaefer@ee.tu‐darmstadt.de

Thank you for your attention.
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