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Extremt
hoga halter
av koldioxid

Aldrig pa flera miljoner ar har det fun-
nits sa mycket koldioxid i jordens at-
mosfar som just nu. Under fjolaret

6kade halten av denna véxthusgas
snabbare dn nagon gang sedan 1700-
talets slut.

1gir kom siffror frin den nordamerikanska

L N
havs- och atmosfirgvervakningen NOAA
som visar att koldioxidhalten i jordens at-
mosfir steg med 2,6 miljondelar under fjol-
Jret. Det dr den kraftigaste drliga dkningen

sedan industrialismens borjan i slutet av
1700-talet. En enda miljondel motsvarar

drygt tvd miljarder ton rent kol.
—Koldioxidhalten har 6kat kraftigt under . .
hela 2000-talet men fjolrets siffra innebir
ett rekord, kommenterar Lennart Bengts-
son, professor i meteorologi i Hamburg och
Reading i England.
— Formodligen ir det Kinas och Indiens

allt stirre forbrukning av fossila brinslen
som ger utslag ovanpd utslippen frin in-
dustrinationerna. i o o ol e o
i Aldrig pa flera miljoner ar har det fun-
mer hamnar i atmosfiren.
—Det‘ér f&irmq_cllig_en sd att virldsha_ven e o do -d e @ d t
T nits sa mycket koldioxid i jordens at-
e o : T
e e 1 mosfar som just nu. Under fjolaret
de inte under 2005, vilket gor 6kningen av
koldioxidhalten in mer oroande.

e e

Koldioxid stir for den storsta delen av t h
den 8kning av vixthuseffekten som mansk- Okade halten av den na Vax usgas
lig verksamhet orsakar, Vid 1800-talets bor-
jan var halten i atmosfiren 270 miljondelar, (1] o o
nu har den ¢kat till 381 miljondelar och om b b d 1 7 00-
20 4r kan den ligga pd 550 miljondelar. sna are an nagon gang se an

— En fordubbling av koldioxidhalten be-
riknas ge en hojning av den globala tempe-
raturen i atmosfiren med en grad, fortsit- ta Iet s SI u t ®
ter Lennart Bengtsson.

Men klimatet kan bli innu varmare.

— Utvecklingen ir otrevlig, siger Lennart
Bengtsson. Minniskan maste snart komma
till ritta med problemen med fossila brins-
len.
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The recent human influence on the carbon cycle

_360T b .
n E
2 = 3501 . — 400
=2 =
= 8 ok -
g = -
£ § 330r T Human perturbation R
2 c —
g 3200 _ \ =
=%
310 1 I 1 1 =
1960 1970 1980 1990 2000 o
B ol
=
— — — -
=
i
— 50 o
(=
w1
=
5
— 200 T
150
I I I I I I I I I I

-450 -400 -350 -300 -250 -2000 -150 =100 -5 ] 50

Thousands of vears

Figure @) Atmospheric CO_ concentration from the Vostok ice core record with the recent human perturbation superimposed. The inset
shows the observed contemporary increase in atmospherc CO, concentration from the Mauna Loa (Hawail) Observatory
Sowrces: Petit et al. (1999) Noture 300, 420436 and National Oceanic and Atmospharic Administration (NIAA), UsA
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The world a dark night

1.6 billion
persons
without
electric
power
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What is life without Electric Energy ?

*No light

*No electric heat

*No electric motors

No computers, phones, TV

and

Qil has reached its top production
*Gas soon on top production, but CO2
*Coal can be used for many years, but CO2

Needs for renewable electric power is great and there is a
Need for Electric Power Engineers to develop the future
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Figure 49: Global primary energy supply, 1990-2006
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Global electric power production
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DET NORDISKE TRANSMISSIONSNET

Swe d en e I - C‘t rl C al : The Transmission Grid in the Nordic Countries
production

I
el o Mt

SRET S

i

Hydro power in the north, 48 %
Nuclear in the south, 37 %

Combined heat and power
production 16%

Wind Power, 7 %

Sum 108 % = Export
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Figur 21 Sveriges elproduktion per kraftslag, 1970-2010, uttryckt i TWh
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Development from the late 1980s to present

Primary Generation
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Renewables and new energy systems

e Hydro power
e Wind power
e Solar energy
 Wave Energy

» CO, separation and
storage for converting
natural gas to power

« Green certificates trading
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WIind conditions
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Welibull distribution

Wind speed (m/s)
20

15
Median wind
"maximum (1975) 8,8 m/s (C=2,24)

medel (1955-1957) 7,6 m/s (C=2,01)
minimum (1957) 6,1 m/s (C=2,69)
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Schematic power spectrum of wind speed
(according to van der Hoven).
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Wind speed measured at the harbour of
Gothenburg, Sweden
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Higher up more wind

Different rotor positions of a three-blade turbine. The

tower shadow and the wind gradient, both contribute to
power fluctuations
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Measurements from a 660 kW wind turbine
constant speed and pitch control
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Power from the wind turbine /

Effekt (KW
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Where Cp is power coefficient IR
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Power of the wind

Pkin:l( AV)‘/ZZ1 AV [W] §
2 2

Mass flow rate

m= pAV

p = air density[kg/m?]
V = air velocity[m/s]
A = rotor disk aream?]
m = mass of the air

V meter
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Average value
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Power Curve from a 2.3 MW wind turbine at Lillgrund
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Lillgrund Wind Farm

M Lilkgrumd
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Gradient Wind decreases Wind reforms
of the wind due to turbine

Energy decreases Energy to the grid  How much left?
due to land friction

R

5 to 10 rotor diameters
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Relativ Power from wind turbines in the wind farm

Relativ elfekl
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Typical wind power nacelle
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Size Development of Wind Turbines

7000 kW The area
5000 kW @ 164 m corresponds to
The area @124 m Hub 100 m approx. 3
corresponds to Hub 100 m soccef fields
@ = rotor diameter approx. 1
Hub = hub height soccer field

2000 kW
@90 m

Hub 90 m
600 kW
@ 50 m
500 kW
100 KW o 40 m Hub 55 m
50 kKW 320 m Hub 40 m
@15 m Hub 25 m
Hub 20 m H—H
1980 1985 1990 1995 2000 2003 2011
Land Sea
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Limitations of wind power

* Pitch control o At emergency stop will
turn the blades the blades turn

« Stall control o At emergency stop will
Ridged blades the outer part of the
turbulence limit the blades turn
power

e Active stall e At emergency stop will

the pitch angle can be the blades turn

adjusted
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Pitch contol Stall control
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Stall control

Force from turbine laminar flow stalled condition

VLYY YL




CHALMERS

Axial- och rotationskraft

Rotationskraft | Ao
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Energy from one year =

Weibull distribution x  Wind-power-curve

Effeld (¥ Bonus2MW
000000
2000,0 o e o,
160
X 140 j
120 /
100 /
20 A0 [l an 100 2000 —— Garanteret
—=— Godkendt
- -
200 V(mis) 250

...+t1d(5-6 m/s) x effekt(5-6 m/s) + tid(6-7 m/s) x effekt(6-7 m/s) + ....
....+0.08*190kW + 0.08*290kW
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Energy from a wind turbine

4 KW wind turbine 600 kW wind turbine 3.000 kW wind turbine
gives 10 MWh/year gives 1300 MWh/year gives 8900 MWh/year
10 m high, 40 m high, 42 m 80 m high

5 m diameter diameter 90 m diameter

0.5 house / turbine 65 house / turbine 445 house / turbine

Electric heaten house 20 MWh/year
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Wind turbine pays back

A wind turbine in a windy place has after

4 to 6 months produced, as much energy as was
needed for the production of the wind turbine

There after will the turbine be in operation 20-25 years

But it takes 10-15 years to make a profit.

When the life time of the wind turbine is ended it is just to
take down the turbine and use the land for something else
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Costs for 25 TWh

Sweden plans for 25 TWh wind power,
The investment will bel0-15 billion Euro
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GLOBAL ANNUAL INSTALLED WIND CAPACITY 1996-2012
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FIGURE 2.2: NET ELECTRICITY GENERATING INSTALLATIONS IN THE EU 2000-2013 (GW)
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GW /
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TOP 10 NEW INSTALLED CAPACITY JAN-DEC 2012

Rest of the world . China
N,

Country MW % SHARE
_ PR China** 13,200 30
Romania USA 13,124 29
(anada Germany 2,439 5
Brazil —_ India 2,336 5
Spain ___'_'" UK 1,897 42
Italy 1,273 2.8
Ity —— Spain 1122 25
) Brazil 1,077 24
UK—" (anada 935 21
Romania 9223 2.1
- Rest of the world 6,385 14.3
India Total TOP 10 38,326 85.7
World Total 471 100.0

Germany USA



CHALMERS

Kalla ovanstaende bild

Bidrag till en handlingsplan f6r havsbaserad
vindkraft 1 Sverige
For siakrad eltillforsel, stabilt klimat och industriell utveckling

Staffan Jacobsson
Fredrnik Dolff
Kersti Karltorp

Institutionen for energi och milj6
Avdelningen {6r miljosystemanalys
CHALMERS Tekniska hogskola
Goteborg, Sverige, 2013

Rapport Nr. 2013:11
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Figur 5. Elanvindningen och elproduktionen 1 EU, inklusive Norge och Schweiz, med
antagande om livsldngd pa 50 ar {6r kdrnkraftverken.
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Vestas
? e 3 MW,

e Diameter 90 m
| |
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Direct driven generator— Enercon

to small air gap

e (Generator weight 220
ton

(4,5 MW )
e Look at the man!
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E70 \ Enercon

e 2.0 MW
e Dilameter 82m
e Navhojd 58-113 m
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WinwWinD WWD-1, WWD-3
*Finish manufacture

1MW and 3SMW

Compact design with
1-step planetary gerabox

Permanent magnet
synchronous low speed
generator

You need a reliable wind
turbine. We kan supply one.
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Wind turbines between the buildings

eBahrein World Trade Center,
In operation 2006

«240 m high buildings

«3 X 22 kW wind turbines

*Designer — Danish Ramboll
and Norwin
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\

/ Repower \

6,12 MW, 126 m
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Offshore GE-wind
__ turbines outside
Kalmar, Utgrunden

1.5 MW
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The European Offshore Supergrid
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Lillgrund vindkraftpark — Tekniska data

® 48 vindkraftverk

e >2 MWI/st

o Transformatorplattform 30/130 kV

« ca 330 GWh medelarsproduktion
 Medelvindhastighet ca 8.5 m/s (65m)
 HQJjd: 60-65 meter

e Hojd inkl rotor: drygt 100 meter I 7
 Rotordiameter: 70-80 meter |
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Kraftigere vind og hoyere brukstid til havs
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Hywind — konseptet

* Betong eller stalsylinder med ballast

* 120 m draft (base case)

* Oppankret med tre anker liner

* Egnet for vanndyp mellom 100 — 700 m

* Staltarn festet til understellet 12 meters
under vannlinjen

* 80 m opp til nacellen

* Rotordiameter inntil 120 meter
* Effekt 3-5 MW

* Displacement: 6500 tonn

* Diameter understell: 8 m
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Future?

far i

Mounted on semi-submersible platforms, the floating wind
turbines being developed by Principle Power can be built in
shipyards and towed into place.

L
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