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Intensitat der Sonneneinstrahlung pro Jahr
(. Sonnenatlas”)

= < 1100 kWh/m?
B 1100-1200 kWh/m?
B 1200-1300 kWh/m?
B 1300-1400 kWh/m’
(i’ > 1400 kWh/m?

Intensity of the sun irradiation
in Austria (yearly)

PH Wien - Prasentation H.Fibi/l. Hantschk

kWh/m?Z.a




=1700

i
2 RN €
‘_k \--...-'h@
e fpnd, . 1 1000
‘--.._..x‘ﬁw --‘H-."'"""l K00
Y 700
f—lﬂﬁﬂ.. 70 —
) A
i 0¥ <l 1950
S 700
— e . ik
—00 — [T N
—=1100
f +— e L
_—T_Hlm_—-ﬁ""“‘--.,

PH Wien - Prasentation H.Fibi/l. Hantschk

11100
1600
1708

1|l-l]1]

Msp

™ .) »
1350
oo T |

110
40—

170
1950 <

as0d

\‘ﬁ/

W0~

nuTﬁ
kWh/ L’l




)
9 ; |

N

AN
7

h—\__,
\

p"

y ! ~

/r"“\ Ya

.

PH Wien - Prasentation H.Fibi/l. Hantschk

North UK:

876 kWh/m?.a
South Spain,
Portugal:

1752 kWh/m?.a
Compare to

Sahara:
2200 kWh/m?2.a




Estimate — what do you neéd=?=——

Energy from the Sun
1 MWh/a.m?

- )]
u\)
C Solar Cell: = 0,1/ Transfer n = 0,7 / Total n = 0,07

D Summer up to 10 kWh/m?.d

Energetic Output: 70 kWh/m?.a

2,7 kWh/m2.d
Winter: 150 Wh/m2.d
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Solar Cells on the Roof

South N.6. &1,4°

1.3. 1 3.9, 38°

2102, W,5°

Morden

Slden
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OFFER and DEMAND

Energy Demand versus Offer of Irradiation

im jahreszeilichen VYerlauf in Deutschland

]EG(;‘; Energiebedarf und Strahlungsangebot
Y,

Guelle: Salar-

Wasserstoff
Bayern GmbH

Strahlungsangehbot

Jan. ey
Marz ppril ]
Mal i LTI . Sori Energiebedarf
Dez. jan
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Photovoltaics — nothing new=—

Photovoltaischer Effekt
Photovoltaic Effect
A.E.Becquerel 1839
illoughby Smith 1873
L o RIE. Day/W.G.Adams 1875
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Estimate — what do you necd

two maxima of power
spring and autumn

because of shadowing:

area increases by ﬂ
factor 6,5 (\ -

For ensuring a safe power supply:
use the factor 3 times !
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Estimate — what do you need-2—
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Solar Cells on the Roof

SOLAR CELLS on the ROOF

Optimized Position of the Roof:
Direction to the south
Inclination: 30 °

If the direction shows to South-West with a slope of 50 °:
you need 10 % more exposed area
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Wasserstofftank

i

Solar- Hydrogene
zellen Elektrolyse Fuel Cells
Solar Cells Electrolysis
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Substitution of Mineral Qil by HYdl:Og.ei_l“é”-
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1 kg mineral oil....... 12 kWh energetic equivalent

Equivalent for 10 kg mineral oil a day:
120 kWh

Efficiency of electrolysis / hydrogene: 70%
n=20,7

12 kWh : 0,7 =17 kWh , hydrogene equivalent
for substituting 10 kg mineral oil by hydrogene
you need 170 kWh.

Production per day:

Solar Energy: 2,7 kWh/m?.d

By this:

170 kWh/d : 2,7 kWh/m?.d = 63 m?
For Safety: 189 m?

Length of a square: 14 m Solar Cells
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Solar Cell Devices
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Solar Cell Devices
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Solar Cell Devices
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Experiment
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Solar Cells run
a pump —

the pump forces
water through
the pipe.

The wooden
case 1s covered
by a glass plate
=>» Model of a
flat panel.

18



Photovoltaics

Hausfassaden belegt
mit Solarzellen.....

.,.I.._
e Th

Fete: Sl T e
O strormadasints Phafovadak GroH sang ﬁrha...*.se.gms-n Soiarsirom,
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Photovoltaics

Larmschutzwand
e an der
LA Autobahn

! _.'._ k _I-u.

Quelle: Kurier 2008-04-20
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Loser Photovoltaic Power Statioh

s
i .
&

Sun Power Station Loser, 40 kW
Foto: Verbund
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Osterreich (Austria) 2006:

Gesamtenergieverbrauch
1092767 TJ=1,092 EJ

56% Olprodukte

14% Strom

11% Gas

10% erneuerbare Formen der Energie

7% Fernwarme
2% Kohle

PH Wien - Prasentation H.Fibi/l. Hantschk

Quelle: Statistik Austria



Distant
heating

Renewable 7%
10%

11%
Gas

14%
Electricity

Coal

2%

Energy in Austria 2006
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Renewables

In Austria:

1. Water

2. Wind

3. Sewage Plants
4. Flat Panels

5. Photovoltaic
6. Biomass

7. Waste (?)

8. Others

56%

www.ipcc.ch

www.ucar.edu/news/
features/climatechange/
regionalimpacts/jsp



http://www.ipcc.ch/

Germany

Photovoltaics

Installed in Germany till 2007: 3.8 GW
installation 2004: 0,6 GW

installation 2005: 0,85 GW

installation 2006: 0,85 GW

new installation 2007: 1,1 GW

Flat Panels

Installed in Germany till 2007: 6,4 GW
installation 2004: 0,5 GW

installation 2005: 0,65 GW

installation 2006: 1,05 GW

new installation 2007: 0,65 GW
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Ecological Electricity in Europe™

Austria:
73% of
electricity is
born by
renewable
energy
(water !!).
EU-average
value: 16%

about 2%
wind
converter
and solar
applications

Osterreich
Ist dank sei-
nar YWasser-
kraftwerka
@it Ceo-=
strovm-Riese
i Europa.
§ 3% unse-
rEs Stromes
stammen
JU'E & rRE -
erbaran
Energie-
uellzn, im
LI-Schmder
sind es nur
I &%, wobai
Yinge und
Solaraniz-
gen erst et-
Was mehr
als 2% hoi-
stopern,

Nerderends | 1.6
Chenda I penkainac s TE 7Y

Oko-Strom in Europa

Bl ag) wmevs bars Energieiager zur Stromeyzecgung %

o PO ¢

Monwegen : e ] D51
LAnEXTinIg = .""'_-e'z_""_"'ﬂ_.,"'—:‘ 133
Crstenreich - T T S e |
Sctraress '_:‘_m 52,3
Schwedon m 574
Fmnland __'m 34,5
Porugal '—::m 294
Sparien TN 17.5
“Frankresch NN 14.0
Darerrark 0N 12,1 U
ttaten NN 12.0
Griachaniard I 2.4 =
Destschiand I 7.4 =
iriand Il 62 41 e
GroBbntannien 18 3.4 } o
Beigen ] 2.5
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What you need

M Aarreahnll wanke

Fill in Result

Demand of electric energy in kWh/a

1 n? solar cell provides 70 kWh/a
Area to be covered by solar cells in n?
This is a square with the sidelength
For safety use the area-factor 3

This is a square with the sidelength

Vienna must be covered by solar cells with a square
sidelength of about 50 km.

Idea: Covering roofs by solar cells

PH Wien - Prasentation H.Fibi/l. Hantschk




Energy worldwide

Vergleich:

Comparison — Energy Consumption

Welt - worldwide: 478,7 EJ
USA: 98 EJ
DE: 14 EJ
AT: 1 EJ

Source:
Spektrum d.
Wissenschaft
09/2007

10" joule

Weltenergieverbrauch
amediarios marhhailipes Wachalum

' 100 1928 I940 1940

1980 200D
5,13

2020 Mk

mpach oflen
pEoLhermsisg el
odedfisthe Eperpie
Salamtoergie

Ao
Beaimases

Windenergin

Wassoikaal
trad. Hagamasse
Kernkrats

Erdgas
Erdal
Kol

20=53
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Geothermic/ocean

Solar energy

Biomass (new)

Wind

Water
Biomass old
(e.g.wood)
Natural Gas
Natural Oil
Coal




Energy in USA 2008

Verfiigbare Flache im Stidwesten (Kalifornien, Wiiste): 650.000 km?
Einstrahlung 2500 kWh/m?.a entspricht 8 kWh/m*d
Ertrag berechnet 5000 EJ/a

System: Parabolrinnenkraftwerk

Druckluft wird erzeugt (85 bar ~ 85.000 hPa)

In Kavernen (leere Erdgaslager, etc.) gespeichert
Druckluft erhitzen =» Drucksteigerung

Betrieb von Hochdruck- und Niederdruckturbine
Hochspannungs-Gleichstrom-Uberlandleitungen R
HVDC-Leitungen ; R D e
Zu verbessern: Energietrager Salzschmelze (~ 300 °C) = .

Vergleich: line focus

Welt: 478,7 EJ
USA: 98 EJ
DE: 14 EJ

AT: 1 EJ

Quelle: Spektrum der Wissenschaft Marz 2008
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Energy in USA 2008

Usable area in California (desert): 650.000 km?
Irradiation2500 kWh/m?.a equalling 8 kWh/m?d
Calculated yield 5000 EJ/a

System: Parabolrinnenkraftwerk Cylindric Collector
Generation of Compressed Air (85 bar ~ 85.000 hPa)
Stored in Cavities (former natural gas store), etc.)
Heating of Compressed Air =» Rising Pressure o
Running of High-Pressure-and Low Pressure Turbines &
Power Mains-DCV-Lines P -
HVDC-LINES § _ e S
To be improved: energetic carrier salt melt (~ 300 °C)

Compare:: line focus

World: 478,7 EJ
USA: 98 EJ
DE: 14 EJ

AT: 1 EJ

Source: Spektrum der Wissenschaft Marz 2008
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Application:
Fuel - Cells: Electricity
Katalytic Combustion: Caloric Energy

Sonne

11
]

i

Solarzedion
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Strom Wasserstoff | Anwendungen
(Sauerstoff)
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Production of electricty

The photovoltaic produced
Electricity may be directly
(inverter) transfered to
the mains or stored as
energetic carrier
HYDROGENE,
dating from electrolysis
of WATER (,,HYDRO*)

Motor of vehicles run by
means of hydrogene

This 1s the Euro-Quebec-Hydro-Hydrogene-Project




Solar Cells Absorption n = 0,12

Electrolysis n = 0,8 Hydrogene
Energy Total Efficiency 100 KWh/mz.a
from the n=0.1

Sun

! Hydrogene
b ALY TR - 160 KWh/m2.a
Absorption n = 0,6
Thermochemical
Parabolic Mirror Processing 240 kWh/m*.a

n=0,4
Total Efficiency n = 0,24
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Zeppelin ,,Ella*
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Other Applications
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Other Applications

Challenger
engine 2 x 2,7 kW
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Greenhouse Gas *

Jahr 2005 verglichen mit der vorindustriellen Zeit
More or less greenhouse-effect
2005 compared to time before
Antriebe in W/m? . . .
industrial revolution
Kohlenstoffdioxid CO, 1,5
Methan CH,, FCKW,N,O 1
Ozon O, troposhérisch 0,4
Ozon Oj stratosphérisch -0,1
Wasserdampf aus Methan 0,1 | Vapour from Methane
Albedo -0.2 | Reflection, Scattering
Aerosole (Absorption, Wolken) -1,3 | Aerosol (dust), clouds ...absorption
Sonne 02| Sun
anthropogen netto 1,6 | Anthropogene Effects (total)

PH Wien - Prasentation H.Fibi/l. Hantschk




Greenhouse Gas

~ The diagram shows....

Antriebe in W/m?

Prasentation H.Fibi/l.Hantschk

PH Wien




Energy — from the Sun

33 % reflection

nuclear fusion

ENERGY .
IRRADIATED 14 % water
FROM THE SUN ~ ¢'feutt

¥ F -1'-

7 % air-
warming

~- -

Sun: . __ 0,2 % wind,
3,85.10%° W | Sl ocean-
Earth- - e stream
Atmospherel '

,75.107 W 14 % to continents P 32 % warming the
1,3 kW/m? 0,1 % stored in plants [ ocean

! -
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...residual warmth
..warmth dating from nuclear
decay of natural occuring
radionuclides

tidal energy
gravitational energy

PH Wien - Prasentation H.Fibi/l. Hantschk




Energy from the Sun

Spain: )
E =2 MWh/m*.a

=1 MWh/m?.a

kWh/m?.d Sahara:
E =2,6 MWh/m?.a
summer: max. 1 kW/m? %;i
spring, autumn: 0,6 kW/m?
winter: 0,2 kW/m?
Extreme values:
»l« Summer, bright weather:
= 1 000W/m?
Cloudy Day in Winter:

= 20 W/m?



Distribution of Energy

Sun radiation 100%  atmosphere/upper edge

reflected by clouds
30%

backscatter
8%
scattered
5%

reflected from the

absorption by air, clouds, dust, moist: 15% ground 1%

irradiance
16%

PH Wien - Prasentation K



Radiation Spectrum =

irradiance

Wallanlinge (um)
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Energetic Balance of the Globe

\/ V'Y
Warmth of Earth: 0,02 %
Direct Tidal Energy: 0,002 %

o Energy production by men
‘ Irradiation (anthropogene): 0,005 %

27%
Irradiated Energ}\

about 100%

Warmth emission (IR) to

Stream und

space:
Reflecters Photosynthesis: 670
the atmosphere: 0.3% 7%,
(1] 9 o ° N
32,7% (Wind, Sea) from this evaporation:
12,4%

PH Wien - Prasentation H.Fibi/l. Hantschk 42




Any living being needs an energetic input
with small entropy for loading it up with
entropy dating from metabolism — and
Photons excreting it.
Energetic input

- small entropy The cold space
is the deposit

for waste entropy

interactions
generation of circuits Energetic output
loading with entropy carries much entropy

PH Wien - Prasentation H.Fibi/l. Hantschk



Density of Radiation s Power

Surface of the globe, medium geografic latitude:
good conditions: 1 000 W/m?

cloudy day: 200 W/m?

winter, diffuse radiation only: 20 W/m?

~1000 W/m?

1000 W/m?
200 W/m?
4 ] Mean Value:
Q 2 20 Wim about 300 W/m?
e ~ 300 W/m?
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Density of Radiation s Po‘érv

Seasons of the year, Austria:
summer: max. 900 - 1 000 W/m?
spring, autumn: up to 600 W/m?
winter: up to 250 W/m

1000 W/m? 250 W/m?

extreme values: (Kesselbachfassung):
30.6.1990: 700 W/m?
13.6.1990: 180 W/m?

PH Wien - Prasentation H.Fibi/l. Hantschk




Irradiation to the Globe

To the half the terrestrial globe facing the sun is irradiated:
P=P,. A =—> aerea perpendicular to the direction of radiation

P="P,.rn= 1370 (W/m?).(6,37.10° m)>.x
P=1,75.101" W

fstlﬁrfa(;eb local differences
0 0 jfr;) ne create the weather !
S

Density of Power & L
mean value: -
P =343 W/m?

PH Wien - Prasentation H.Fibi/l. Hantschk



Radiation Balance

ratio from cross section r2w

(1-0).1370 = 4. 5,67.10 . T (irradiance)

to globe s surface 4r’n

oa=0,3 Y (emission)

Albedo c in W/m2.K#4
Solar

Constant

Result: T=255K=-18°C
(radiation temperature of the globe)

PH Wien - Prasentation H.Fibi/l. Hantschk



Greenhouse Effect

Difference from 255 K to 288 K:
Greenhouse-Effect (not a total one).
Globe emits infrared (thermalization):
Max. at T = 255 K would be 11 um,
Max. at T = 288 Kis 10 um.
Greenhouse-Gases:

they absorb and reemit in the IR:
vapour max. 0,9-2,0 um,

inefficient between 3-5 and 7-11 um
CO, only in the Infrared (4,2 um)
OjatA<0,3 um

CH, within windows of H,O

CO

NO,

Transmission

PH Wien - Prasentation H.Fibi/l. Hantschk



Atmospheric Absorptance

<
7 /]
. = Specific
% Absorption
- 1 of the
o | Nebd @1 /m) atmosphere:
b Y P H,O:
- ” (150 man/ ;- i 2,7/3,2/6,3 um
b x A ‘ mmwml)} COZ:
st m 2,7/14,3/15 um

=
e
a

Y bk Niesel (2,35 mm/h)

atmosphirische Dimpfung &/dB km™’
X
-
=
&

PH Wien - Prasentation H.Fibi/l. Hantschk



Other Applications

1370 wim:

Irradiance: visible light up to

_ shortwaved IR (3 um)
mean 300 W/m?

' emission in the IR
W '/ ——> (about 10 pm)

T=288 K=+ 15°C
The natural

greenhouse-effect
rising of temperature js essential !

of about dT =33 K ﬁ}

PH Wien - Prasentation H.Fibi/l. Hantschk

Very cold nights - without clouds or fog.
In winter clouding during the night
protects from severe frost.

Of what clouds do consist ?

What is ment hy greenhouse-effect?

-

...and partially
reemitted.

Too much is a bad thing !




Natural GreenhouseG_as -

Carbon Dioxide N —
Respiration, Decomposition Vapour 62,4% ——
21,8 %

N,O Ozone 7,3 %

Bacteria
4,3%

Carbon Dioxide: volcano
Ammonia: animals - excrement

- Methane

N

((\(”/ el Cultivation of Rice,
AL i Cattle
2,4%

PH Wien - Prasentation H.Fibi/l. Hantschk



Anthropogene Greenhouse Gases™

% Methane

. ‘“ﬂ Cattle, Rice,

m Natural Gas,
3 MW Waste Gas

e 19%
Carbon-Dioxide e | Ozone
. indirectly by
Fossil Fuels 2 KFZ, Industry
0 Wi 8 %
50% i_ FCKW
/ /il 2 Propellent, Foam,

Coolants

Ammonia: Cattle, Sewage Works 17%

° NO.-G : KFZ
x-ases Fertilizer, Wood-Clearing

Combustion of Biomass

PH Wien - Prasentation H.Fibi/l. Hantschk




Ry W

_ Model Netussisinmmiugeg

(e+t).342Wim?=0c.T4+ k. 342
W/m? |
@ c = 5,67.108 W/m2. K4

1,3 kW/m? irradiated to r’.n \L
is distributed over the whole world k=0,32
4r%.m; result: 342 W/m? surface of the globe Coefficient of Convection

\

e = 0,51 (related to 342 Wim) (nach Bartsch, Joachim,
oertricient or Irradiation
v 1. Phys.Inst. RWTH Aachen)
t=0,95

Radiant temperature of the earth
T=287 K=14,81 °C

1,46 . 342 Wim?=c . T4 + 0,32.342 W/m?

Reemission-Coefficient (IR)

PH Wien - Prasentation H.Fibi/l. Hantschk



Climatica]ly Relevant Traé"‘-» -

CO,: Vapour: 10 - 20 000 ppm
combustion (fossil fuels)
woodland s clearing by fire,
erosion, respiration.
deminished by photosynthesis,
and by absorption of ocean
share: 280 =» 350 ppm

CH,:

rice-cultivation (Sumpfgas),
cattle, waste gas, natural gas.
deminished by photochemical

oxidation - troposphere
share: 0,7=2 1,65 ppm

PH Wien - Prasentation H.Fibi/l. Hantschk



Climatica]ly Relevant Traé"‘-» -

FCKW:

propellents, coolants, floatings, solvents

deminished by photochemical processes in the stratosphere
share: 0 =»0,3 ppm (3 ppb?)

0O;:

stratosphere: 8-10 ppm (?)

troposphere: <0.001 - 0,03 ppm

KFZ-waste gas, fossil fuels; indirect from NOx, CO, CxHy
deminished by oxidation

N,O:

nitrogen-fertilizer, bacteria, biomass -combustion(?)
deminished by photochemical processes =» 0,3 ppm

CO: = 200 ppb

NO,, SO,:

combustion, biomass, ore smelting

=> 50 ppb

NH,; = 0,1 ppb

cattle, sewage works.

PH Wien - Prasentation H.Fibi/l. Hantschk




Efficiency of the Greenhou

Greenhouse-Gas/

Effect per molecule
compared to CO,

Co, 1
CH, 21
N,O 206

CF,Cl, 15800
CF,Br 16000
HCFCl, 9940

Amounts emitted per
year:

CO, 6-7 Gt C/a
O, (ground) 1 Gt
FCKW 1,1 Mt
N,O0 4-7 Mt N/a
CH; 140-370 MtC/a
NO, 25-50 Mt
SO, 120-200 Mt

(nach W.Chandler, J. Reilly,
Dahlem-Konferenz 1990)

PH Wien - Prasentation H.Fibi/l. Hantschk

natural gas1,4 t CO,/t SKE

crude oil 2,5 CO,/t SKE
coal 2,68 CO,/t SKE
lignite 3,25 CO,/t SKE

Factors of emission (spezific

CO,-Emissions in kg(C)/GJ:

coke: 30,5
coal 23,9
gasoline 22,3
biomass 21,1 (?)
oil 18,8
Methanol 16,4
natural gas 13,5

56



No CO,

BN o oniooo fir sin CO4-freies Kraftwerk

Caloric power plant free of CO, — it is Pilot in

separated from the flue gas and Brandenburg, DE
stored in sandstone layers. Caloric power plant

"""" T . ':'-." o : I Ercheich soil
rock (~ 1000 m)
solid rock

ein - S porous rock
(sandstone)
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Plotting CO,

| co, 4 Increase of the atmospheric CO,-
ppm concentration

1958 in Mauna Loa (Hawai)

1054 14945 1975 1885 1995
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Plotting CO,

GO, | ! | I Y
ppm A speklroskopische Messungen _i)

o gaschromatographische Messungen
330 _J I“ - . | [ N —
310 A

o
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Stored Carbon

Kind Gt/ C In relation to living
Biomass
Biomass 560 1
Atmosphere 755 1,3
Soil 1720 (3000) 3,1 (5,4)
Fossil fuels 3000-10000 6-18
Ocean 38500 69
from this Surficial
Water 700 1,3
Organic Sediments
(Kerogen) 15000 26800
Carbonat in
Sediments 60000 62500

The geochemical circulations rules the concentration of CO, in the
atmosphere within long-scaled processes !

PH Wien - Prasentation H.Fibi/l. Hantschk



synthes1s
exchange of gas

alive 1000 100
dead 1750
Combustion of
Sedlments fossil Energy

Carrlers

biomass having died

Carbonate in the Biosphere:
Kerogene (shells, bones)
Carbonate in the Lithosphere
Organic wastes, Fossil Fuels
Sum: 65000
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(e

Geochemical Circulation of C2

conversion of
silicates into
carbonates
< D > wash out by

rain

vulcanism precipitation of
mineral springs Carbonats

l Ocean ‘

Deposition on the
ground of the ocean

weathering

v

Transport as
Ca ?* bzw. HCO;"
by rivers

Decomposition
of Carbonates and

Subduction
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GeochemicalCirculatiQn py

A. Weathering:
CO,+ H,0 + CaCO;=» Ca?* + 2HCOy’

B. Weathering of Silicate Rocks:
2CO,+ H,0 + CaSiO; = Ca?* + 2HCO; + SiO,

C. Precipitation of Carbonate in the Ocean:
2HCO; + Ca?* = CaCO,; + CO,+ H,0

D. Weathering of Silicates + Precipitation of Carbonate:
CO, + CaSiO; = CaCO, + SiO,

E. Metamorph resp. Magmatic Decomposition of Carbonates:
CaCO, + SiO, = CaSiO; + CO,
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Circulation

*) by destroying woods and ground
**) by burning
***) biologic and chemical reaction
****) additively absorbed by ocean

2

‘..n
o

Photosynthesm Respiration Atmosphere E Enrichment

iomass alive or deadygy
~3.000Mrd.t |

’ (= L

~ 750 Mrd. t

+

— Fossile Reservoir
~500-10.000 Mrd. ti

Oceans

Carbon-Circulation
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FTET [ e e T T o]

3,2 Mrd. t g

|~ 40.000 Mrd. t ENNTE

Enrichment of
CO, in the Ocean:
Solution of the

| gas in water

' metabolism of

' greenblue algae




Atmosphere

emperature on surface: 2388 K =+

* Pressure on surface: p=1013 hPa

* Mass of atmosphere: m = 5,3.10'8 kg
from this:

« mass of CO,: m=1,6.10" kg (0,03 Vol.%)

« mass of N,: m=4,1.10!8 kg (78,09 Vol.%)

« mass of O,; m=1,1.10"% kg (20,95 Vol%)

 Trace Gases: maximal share: Ar at 0,93 Vol.%
Bound C: sediments containing carbonate (CaCOs;,
MgCO,), living and fossile organic material (plants,
petrol, crude oil, coal, peat, lignite).

 After release of the carbon:
Ground pressure 40 000 hPa (40 bar)

. 0
1(\:1223; 3?;’ Planet
O ) : O R 8 % Ve n u S EE::j.:zEta Enzykopadie, Photo Researchers, Inc. [NASA//Scence
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Model of the Atmosphere |

composition of air in the 20th century

Instead of a balloon —
use a bottle

nitrogene

oxygene

argon ~ 9,3 ml
carbondioxide ~ 0,36 ml
other gases ~ 0,34 ml

Volume of the balloon: 1 000 ml
representing the atmosphere
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B

.
iy \\
irradiated: 178000

\Z

heating the air and the ocean: 83000 >
evaporation 41000 atmospheric precipitation >
runoff: 5 >

i\

wind, waves, streams in the oecean: 37—

agriculture: 2,3 >

waste =

/

biosphere, biomass

consum: 7,5

reflected: 53000 M emitted

tide: 3

: E
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Heat conduction: 35
Latent quantity of heat : 0,3



F:/Luft_und_Wetterkunde/Global_Energy.doc

Photosynthesis and Enthropy-

H,0Oy energy balance:
absorption of hf

0,
& 0O more water is used —
S it is evaporated ??

<8S.:

Sout in
Because of this dissipation of water =»

evaporation enables the process
enthropically.
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- Photosynthesis and Respir 101

Input: O,
Output: CO,

AR . ) "-:,&
e
b <

water minerals
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Photosynthesis and Respiratiom—"

Photosynthesis Oxida.tion ® ii‘os“sile Sources
70 Mio t 66 Mio t | 62,2 Mio t
CO, Co, CO,

1
'\./
o ]

Soil: 800 Mio t C
Plants: 400 Mio t C |

Chiple Lamls/ischnfakpmm o
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Photosynthesis

/’Qi absorbs red (IR) and the blue share of the

/ )’ \ spectrum
/— Chlorophy l Sugar to the air
, - O
(Starch)
Water

CO, taken from the air
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~ Photosynthesis

Light Reaction

Dark
Light Energy “ Reaction

CHLOROPLAST

CO,
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It s only a Tree.....

Utilization of the spectrum: 45%
optimal range: 380-740 nm
max. absorption: blue and red

»Blattgrin® — green colour of the leaves — UV: signalling colour to insects

n ~ 0,05 (5%) (single leaf - = 25%)
Optimal temperature: 15 — 40 °C

e.g. a beech age 100 years

200.000 leaves

surface of the leaves: 1.200 m?

104 chloroplastes absorb the sunlight
turnover: about 9400 litres

= 9,4 m* CO, =& O, per day.

= 3,5.10¢litres of O, per year

roots: important storage for
precipitation
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Mit seinen einer Million oy

Blattern produziert er pro
Jahr 4500 kg Sauerstoff.
Das sind 3,2 Millionen.
Liter oder 3200 I:-f.uhir:
meter Sauerstoff. \

FOr diesen Vorgang, der
auch Fotosynthese heiltt, ' &
bendtigt er etwa 75000

Liter Kohlenstoffdioxid

In Deutschland
leben 35 Millarden Baume.

Leistungen eines 1ﬂ_ﬂ-j'ﬁhrigen Baumes

 digitalefolien.de

Jedas Jahe filtert er

. etwa 1 Tonne Staub

und Abgase.

'|
-

o .|'- e

" \ién 100 Kubikmeter
“Wasser, welche jahrlich

auf seine Flache fallen,

" nimmt er 40 Kubikmeter

Uber die Wurzeln auf,
Eavm speichert er 30
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Cold phase in the Pacific Warm phase in the Pacific

Siid - aquat-:-r1a15tr-:.m é‘:alﬂrbm
1 1=t
Fquatorials rnmf- Eenguﬂagtmm
Ferust

Main streams in the ocean have long-scaled influence to the climate

PH Wien - Prasentation H.Fibi/l. Hantschk




Kaltphase im Pazifik South Africa Wammphade im Pazifik

South America becomes cold South Africa
. becomes warm
becomes warm " and dry and humid

and humid South America

becomes cold
and dry

Australia
becomes cold
and dry

Australia
becomes warm
and humid

A climatically relevant circulation
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The European Heater

Path of the Gulf-Stream

The Gulf-Stream heats Europe.
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The Gulf Stream

cold deep water flow (high salt s concentration)
<> crucial region

e
kalte, salzreiche Tiefenwasserstromung
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(pump)

crucial point of the
gulf stream: the
cold Labrador-
stream

coming from the
north sinks down —
this 1s the pump,
because it s
exhausting rate
sucks the warm
superficial water of

the gulf stream.
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The Gulf Stream

it msa_dﬁrate '

am:rll-:n

'-'n:lrhcrrsl:h e I E ....

The pump: ,,heavy* water (salt concentration, cooling down) sinks to
' the bottom of the ozean — deep cold stream ,,back*
Source: Spektrum March 2005
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Without the Gulf Stream

Nord- - kaltptropkn
difleikn Winoigpd BEEE

Sid-
_ amenkn
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dry

1 IrlEul:_-::ﬂr

density of the Gulf- :
not sink down, partially it freezes.

By Pl s ey
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o =enormously increasing temperature
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Priority:
The climatic problem is the increase of the globe s
temperature

PH Wien - Prasentation H.Fibi/l. Hantschk



The climatic problem: oscillations of-the-tefiperature =)

= 3 & i i . - i i ; :Ak

0.4 4 calibrated reconstruction 3
| J.L bi measurement

T

| i 1

+

el

i

8

did)  Eed MO WO WH0d  1EJe  Wat 1Mo 2003

yearé

The last 2000 years: temperature has increased for 1 K

Source: Sven Titz, Historische Temperaturwellen, Spektrum Juni 2005
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The climatic problem: oscillations ¢ =temperature

. 9 (old and Warm Phases warm period in the middle ages

o300 -

= |

&

g

E 4

u |

-E =35 - ' b cold impact 8200 years ago i <

= o

E = Little Ice Period o

E (1400 — 1900 n.Chr.) |2

B ~0- :

B s 5

e i End of the younger Dryas :

g - ;

o TR 4| Start of 2T =

E T the E

= younger £
-G} Dryas : | =

15 i 5 . 0
T in Central Greenland °C Jahrtausends vor der Gegerssar Steps in 1000 years

before present time
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