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indoor climatisation in the construction 
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indoor climatisation in the construction 
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indoor climatisation in the construction 

Buenos Aires, Argentina
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indoor climatisation in the construction 

São Paulo, Brasil
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• EU Study (EERAC)

1996: four  times the 
floor area conditioned 
in 2020 

• for offices:

Energy and Buildings
air condition market in Italy

www.ened.com

• 27% in EU 

• 80% USA, 

• 90% Japan

• 2002 worldwide 

15% of electricity 

for cold production
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heat
protection
glas (hpg)

sun
protection

glas 

hpg plus
indoor

sun screen 

hpg plus
outdoor

sun screen

hpg plus
sun screen
in between

30% 60% 36% 12% 24% 
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U=1.2 W/m²K
g=0.6

FC=1.0 

U=1.2 W/m²K
g=0.3

FC=1.0 

U=1.2 W/m²K
g=0.6

FC=0.6 

U=1.2 W/m²K
g=0.6

FC=0.2 

U=1.2 W/m²K
g=0.6

FC=0.4 

Dr. Jens Pfafferott, Fraunhofer ISE
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� Glare shield - sun screen: two different aspects

� each sun screen can be used as glare shield

� prefere splitt jalousies because day light use

� good products for outdoor sunscreen without 
wind problems 

www.ened.com

29
0 

cm
70

 c
m

12
 c

m

ceiling / floor 
frames

thermal insulation

outdoor facade

wind problems 

� outdoor jalousie best solution refering energy 
balance and indoor climatic situation

� outdoor sunscreen is economic, considering the 
reduced costs for climatisation
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daylight – reference version

facade rate aperture 65%
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solares bauen gmbh, freiburg



daylight - parapet + 25 cm

facade rate aperture 50% deviation to reference situation
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solares bauen gmbh, freiburg
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indoor climate – parameter combinations
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- bare brickwork apertures, glazing 70%

- ceiling without panneling

- heavy inner wall

- sunscreen indoor, central regulated 

- bare brickwork apertures, glazing 40%

- night ventilation 

- artificial light control

- sunscreen outside, central regulated 
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ceiling without panneling �  �  �  �  �  

sunscreen outside  �  �  �  �  �  

artificial light control �  �  �  �  �  

heavy inner wall    �  �  �  

bare brickwork apertures 
glazing 

65% 65% 50% 50% 40%

night ventilation  �   �  �  
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indoor climate – combinations of measures
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 1 2 3 4 5 

ceiling free of panneling �  �  �  �  �  

sunscreen outside  �  �  �  �  �  

artificial light control �  �  �  �  �  

heavy inner wall   �  �  �  

bare brickwork apertures 
galzing 

65% 65% 50% 50% 40%

night ventilation  �   �  �  

 

45 100

alternative 1

45 100

alternative 5

energy saving costs 32 € / m2 = 2,5 %

Indoor climate - optimised model
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Background

Passive Cooling Techniques and Natural Heat Sinks

thermo-active building systems

passive: air driven concepts active: water driven concepts

ground waterambient air ground ambient air

ventilation

www.ened.com

activation of the buildings thermal storage

night ventilation earth-to-heat exch. dry/wet cooling tower bore hole heat exch.

ground collector
well
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climafriendly cooling systems:
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geothermic



Natural Heat Sink

Bore-hole Heat 
Exchanger Earth Collector

• can be used as heat source (winter) and heat sink (summer)

Ground

www.ened.com

BHEX

Heat Pump

Storage 
Tank

Heat Pump

Storage 
Tank

Earth Collector
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cooling systems

Ground heat exchange systems > air ventilation
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Lufttemperaturen in °C

Außenluft

20

25

30

8 K

Earth-to-air Heat Exchanger

ambient 

air 

air temperatures [°C]

Passive Cooling

www.ened.com

Options:

• single pipe / pipe system
channel

• concrete / plastic
• length of the pipe

depth of the pipe
• operation mode

Zuluft

10

15

20

Sommerperiode, 5 Tagesummer period, 5 days

supply air 
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cooling systems

Evaporative Cooling
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cold
water

solarthermic process for cooling systems in buildin gs

www.ened.com

thermic
cooling
process

heat

water

air
condition

Dr. Hans-Martin Henning, Fraunhofer ISE



� 70 machines (without claims of 
integrity)

� total cold 6.3 MW

� overall collector surface
17500 m2 (different datum face - 27

6

19

Germany

Greece

Spain

Portugal

solar climatisation in Europe

www.ened.com

17500 m2 (different datum face -
absorber, aperture, gross)

� special collector face
� 3 m2/kW for generating

cold water
� 10 m2 per 1000 m3/h air 

quantity

27

3

3
2

42111

Portugal

Italy

Austria

France

Holland

Israel

Turkey

Serbia 
(Kosovo)

Dr. Hans-Martin Henning, Fraunhofer ISE



solar cooling systems
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Dr. Hans-Martin Henning, Fraunhofer ISE



Absorption Technology

www.ened.com

Coefficient of Performance:

COPthermal = useful cold / driving heat Dr. Hans-Martin Henning, Fraunhofer ISE



 

additive  
heat  

� sorption rotor for air 
dehumidification

� temperature loss 
through evaporation 
cooling

climatisation based on sorption with sorption rotor

www.ened.com

humidifier  cooling  

load  

in  

out  

dehumidifier  

recovery  
 of heat  

1 2 3 4 5 
6 

7 
8 9 10 11 12 

in  

out  

Quelle: Fraunhofer ISE

cooling

Dr. Hans-Martin Henning, Fraunhofer ISE



Realised Solar Cooling projects

• Strong Research efforts since the 80’s: 
� Reduction of driving temperature 
� coupling with innovative building technology

www.ened.com

• »100 projects worldwide
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Concentrating Collectors

Process heat collectors

www.ened.com��������	�
����
������������
��



Chiller Producers

Absorption Technology
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1-ary absorption many products for machines 
with high temperature water 
(or steam) at range of 
performance > 100 kW 
few products < 100 kW

2-ary absorption often directly lighted 
equipment; no products       

cold water production sytems

www.ened.com

equipment; no products       
< 100 kW

absorption two commercial systems 
(japanese producer) for 
machines with high 
temperature water

steam jet cold so far just unit production in 
range of great capacity; 
potentially cheap and high 
partial load -COP‘s Dr. Hans-Martin Henning, Fraunhofer ISE



� location: Banyuls (south of France)

� absorption cooling machine (52 kW refrigerating capacity) 
with 130 m2 vacuum tube solar collectors and a 1 m3 buffer 
store; 180 kW cooling tower (open)

wine cooling system in the south 
of France

www.ened.com

� task: cooling of a wine cellar 
(3 million bottles) through 3 air conditioner with a total 
capictiy of 25000 m3/h air

� characteristic: no back-up, no major storage (storage on 
load side)

� thermal solar autarkic; possible because of high storage 
capacity on the load side

Dr. Hans-Martin Henning, Fraunhofer ISE



� location: Freiburg (Germany)

� operator: chamber of commerce and industry (IHK  
Südlicher Oberrhein )

� air condition (10.200 m3/h) with heat supply through 100 m2

seminar room - chamber of commerce, Freiburg

www.ened.com

� air condition (10.200 m3/h) with heat supply through 100 m2

solar air collector

� task: climatisation of a seminar room and a cafeteria on the 
upper floor from the `IHK Südlicher Oberrhein` building

� characteristic : no back-up, no  storage > solar thermal self-
sufficient system

� cheap solar power system; simple system concept

Dr. Hans-Martin Henning, Fraunhofer ISE



� location: Oberhausen

� operator: Fraunhofer UMSICHT 

� absorption    cooling machine
(drive 105/97°C); vacuum tube 
solar collectors 110 m2

Kollektorfeld

Notkühler WT-Freie-
Kühlung

KühlturmP10

solar cooling in a research center

www.ened.com

� task: cooling of  lab- and   
installation- rooms 
(computing/switchgear)

� characteristic : free cooling 
system with moderate outer air-
conditions; during heating period 
input of solar power into heat 
distribution system

AKM

Kältenetz

Heizwasser
-netz

WT1

WT2

P7

B6
P6

P1

B1

P3

Inbetrieb-
nahme-WT

P2

P8

Legende:

WT Wärmetauscher
P Pumpe
B Behälter
AKM Absorptionskältemaschine

Dr. Hans-Martin Henning, Fraunhofer ISE



� location: Dalaman (Turkish Mediterranean coast )

� task: climatisation of the hotelrooms as well as steam 
supply for the hotel laundry

� Parabolic Trough Reflector provide heat at about 180°C : 

climatisation of a hotel in Turkey

www.ened.com

� Parabolic Trough Reflector provide heat at about 180°C : 
180 m2 aperture surface;
twin effect absorption cooling machine (refrigerating 
capacity 116 kW, 4 bar saturated steam; COP > 1.2)
oil tank as thermal back-up

� high overall-efficiency

� interesting concept for locations with largely rate of direct 
radiance

Dr. Hans-Martin Henning, Fraunhofer ISE



� largest installation worldwide at the moment

� 2700 m2 flat solarthermiccollectors

� 2 absorption cooling machines with 350 kW refrigerating 
capacity each

world largest installation in Greece

www.ened.com

� 3 compression cooling machines, 350 kW each

� climatisation of cosmetic factory production halls

� location: Inofita Viotias (ca. 50 km northeastern from 
Athens)

� reasonable system concept; current saving through feed-
in of the cooling energy into cold power system with high 
base load

Dr. Hans-Martin Henning, Fraunhofer ISE



proposal solar cooling for drugstore in Mantanzas, Cuba
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Drugstore, Mantanzas
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Drugstore, Mantanzas
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Drugstore, Mantanzas
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Drugstore, Mantanzas
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capital investment

28.000 €

25.000 €80.000 €

80.000 €

80.000 €400.000 €

500.000 €

600.000 €

pilot costs

Drugstore, Mantanzas

www.ened.com

110.000 €
80.000 €

0 €

110.000 €

270.000 € 350.000 €

187.100 €

215.000 €

28.000 €

10.105 €

25.000 €

80.000 €

0 €

0 €

100.000 €

200.000 €

300.000 €

400.000 €

solar combi-
variation

compressor solar without
cooling tower

pilot costs
engineering
cooling
solar



anual CO 2- emissions in kg 

127.352

100.000

120.000

140.000

Drugstore, Mantanzas

www.ened.com

33.877

62.631

10.163

0

20.000

40.000

60.000

80.000

solar combi-variation compressor solar without
cooling tower



anual costs

9.842 €7.600 €

10.750 €
10.291 €

40.000 €

50.000 €

60.000 €

running costs

Drugstore, Mantanzas
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29.641 €
33.055 €

20.305 €
25.427 €

5.324 €

9.842 €

20.012 €

1.597 €

7.600 €

8.600 €

0 €

10.000 €

20.000 €

30.000 €

40.000 €

solar combi-
variation

compressor solar without
cooling tower

running costs
energy costs
capital costs



Natural Heat Sources and Heat Sinks
Ground Utitlized by Bore-Hole Heat Exchangers

Medical Laboratory Building Renovation & Extension
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Medical Laboratory Building Renovation & Extension 2007
co² - emission [to/a]

9,2

50,0

60,0

70,0
gas electricity

World Green Building Award 
2008 - Pfizer

www.ened.com

53,0

16,6

0,0

10,0

20,0

30,0

40,0

50,0

gas heating system geothermal system

co²-emmissions for oil + gas based on german average, co²-

- 74 %



Medical Laboratory Building Renovation & Extension 2007
capital cost [€] - technical building equipment

300.000

350.000

400.000

World Green Building Award 
2008 - Pfizer

www.ened.com

206.869 €

352.352 €

0

50.000

100.000

150.000

200.000

250.000

gas heating system geothermal system



Medical Laboratory Building Renovation & Extension 2007 - annual costs [€/a]

50.000

60.000

70.000

80.000
energy costs
maintenance & service
capital invest

- 40 %

World Green Building Award 
2008 - Pfizer
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13.343,1 €
22.726,7 €

5.274 €

7.699 €

49.957 €

10.631 €

0

10.000

20.000

30.000

40.000

50.000

gas heating system geothermal system



Thank you very much for your attention !
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