
-- -- µµ

, 18 2005H



- -

• µ µ ~35%
,

µ 29% 1990

• ~45%
µ CO2

• H µµ µ
µ
µ

2010

• SAVE 93/76/EK

µ
µ CO2 µ ,

µ

, 18 2005H



- -
• 21475/4707/08 ( 880/ /19-08-98) µµ µ

SAVE
, µ

µ µ « µ µ
CO2 µ µ µ

». 4

• µ µ
( ) µ µ

µ µ 26 µ
µ ( ) µ

µ µ ( ) µ
µ (µ - ), µ

µ µ

, 18 2005H



, 18 2005H



, 18 2005H



R22 µ µ ( µ

µ µ ).

E µ R290, R407C, R-134a, R-410a

( µ µ ) µ

µ

(C 2, SO2, NOx, µ )

µµ µ

, 18 2005H



, 18 2005H



µ µ : µ µ

µ

29 1878, :

Augustin Mouchot 

µ

µ

(absorption)

Edmund Carré

, 18 2005H



µ µ : µ µ

1850-1880 µ

µ µ

( , ).

µ µ

(1 t /7 ts ). µ

10%/ .

µ . µ

( ) µ µ

µ

, 18 2005H



Basic process

Thermal

driven cooling 

process
heat

chilled

water

conditioned

air

, 18 2005H



thermodynamic process

heatdriving

coolinguseful

thermal
COP

ePerformanc

oftCoefficien

)(

driving heat

high temperature, TH

useful cooling

low temperature, TC

heat rejection

intermediate

temperature, TM

air-conditioning

system

solar collector

environment, e.g.

cooling tower

, 18 2005H



µ µ
µ

( µ µ µ

µ )

µ µ

µ

µ µ µ : µ

µ (electricity peak loads) 

µ µ ( , )

µ : µ µ ,

, 18 2005H



µ µ

µµ µ

( µ ,

)

( µ )

( µ

+ )

( µ )

, 18 2005H



µ

, 18 2005H

µ

µ µ µ ++

µ µ

µ

µ µ

µ µ +

µ µ µ µ

(µ

µ /

+-

, µ ,

µ , µ

µ ,

:+ (

µ )

:+- ( ,

µ )

µ



µ µ µ

µ :

µ

µ :

µ 0

5

10

15

20

25

30

35

40

45

50

0 4 8 12 16 20 24

hour of the day

c
o

o
li

n
g

 l
o

a
d

, 
W

h
/m

2

0

100

200

300

400

500

600

700

800

900

1000

c
o

ll
e

c
to

r 
ra

d
ia

ti
o

n
, 

W
h

/m
2

cooling

load

collector

radiation

, 18 2005H



-10

-8

-6

-4

-2

0

2

4

6

8

10

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

m
o

n
th

ly
 l
o

a
d

, 
k
W

h
/m

2

-250

-200

-150

-100

-50

0

50

100

150

200

250

c
o

ll
e
c
to

r 
ra

d
ia

ti
o

n
, 
k
W

h
/m

2

heating

cooling

solar

µ :µ :

µ µ

, 18 2005H



µ

µ :µ :

0

10

20

30

40

50

60

Heating Humidification Cooling Dehumidification

k
W

h
/m

2

Merida Palermo

Madrid Freiburg

Copenhagen

100.6

kWh

, 18 2005H



, 18 2005H



, 18 2005H



, 18 2005H



, µ ,

µ

µ ,

µ ;

µ ,

µ ;

µ

& µ

µ

& µ
,

,

,

,

&

µ &

&

&

µ &

&

& ,& ,

µ ,

µ

µ ,

µ

, 18 2005H



µ

µ µ

µ µ

µ

µ -

, 18 2005H



µ

, 18 2005H



Design approaches

‚Rules of thumb‘
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