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How	  to	  keep	  global	  warming	  below	  2°C	  
Maximum	  Amount	  of	  Global	  Emissions	  750	  Mrd.	  t	  CO2	  
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Peak	  oil	  
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Nutzung fossiler Energieträger und Kernkraft sind Übergangstechnologien

Alle Erneuerbaren Energien sind solaren Ursprungs

Der Anteil Erneuerbarer Energien wird in Zukunft 100% betragen
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Sources: see picture 
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Solar	  Electricity	  (PV)	  	  -‐	  Poten5al	  
-‐	  Used	  

Wind	  Energy 	  	   	  	  -‐	  Poten5al	  
	   	   	  -‐	  Used

	  

Global	  Energy	  Demand	  

Bio	  Energy	   	   	  	  -‐	  Poten5al	  
-‐	  Used	  

Hydro	  Power	  	   	  	  -‐	  Poten5al	  
-‐	  Used	  

Geothermal	  Energy	  	  	  -‐	  Poten5al	  
-‐	  Used	  

Marine	  Energy	   	  	  -‐	  Poten5al	  
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Global	  Renewable	  Energy	  poten5al	  
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Beitrag der erneuerbaren Energien zur Stromerzeugung
 in Deutschland 1990 - 2009
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* feste und flüssige Biomasse, Biogas, Deponie- und Klärgas, biogener Anteil des Abfalls;  
Strom aus Geothermie aufgrund geringer Strommengen nicht dargestellt; StromEinspG: Stromeinspeisungsgesetz; BauGB: Baugesetzbuch; EEG: Erneuerbare-Energien-Gesetz; 

 Quelle: BMU-KI III 1 nach Arbeitsgruppe Erneuerbare Energien-Statistik (AGEE-Stat); Bild: BMU / Christoph Edelhoff; Stand: Dezember 2010; Angaben vorläufig    
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hydro	  power	  

biomass*	  

Renewables	  in	  Germany	  between	  1990	  and	  2009	  



Andreas	  Reuter	  	  	  	  DPG-‐Spring-‐Mee5ng	  2012	  
	  

gr
os
s	  p

ow
er
	  g
en

er
a5

on
	  fr
om

	  re
ne

w
ab
le
	  e
ne

rg
ie
s	  

[G
W
h/
a]
	  

wind	  
geothermy	  
renewable	  power	  import	  

hydro	  
photovoltaics	  
biomass/renewable	  methan	  
gross	  electricity	  consump55on	  

Mix	  of	  Renewables	  in	  Germany	  un5l	  2050	  



Andreas	  Reuter	  	  	  	  DPG-‐Spring-‐Mee5ng	  2012	  
	  

!

!

!

!
!

"#$%&'!()*+(,,! -.$/%0123.!456"!

"#/&73!8/9!:1#3%87$;!&3.!57%&3%3.<73!!$%!=$%&!!

>7%%3%;$%&!57%&3%3.<73?19@/#3.A1.;$<3%!8/!B32#!C!

,)!

&3/#DE03%!F3D$9#2;GE03!$/DH!I$97#!JK%%3%!$/E0!5$;&2;GE03%!37%3%!L3D3%#;7E03%!

>37#.$<!2M.!&73!N/#8/%<!&3.!57%&3%3.<73!$%!=$%&!;37D#3%H!!

!
I3.!<.KO#3!P37;!&3.!%/#8Q$.3%!-;GE03!R,(!S!&3.!&3/#DE03%!F3D$9#2;GE03T! ;73<#! 7%!

"E0/#8<3Q73#3%H! I73D! 7D#! 37%3.D37#D! 97#! &39! <.1O3%! -;GE03%$%#37;! &3.!

"E0/#8<3Q73#3! ! /%&! $%&3.3.D37#D! 97#! &3.3%! <3.7%<3.3.! >3D73&3;/%<! 8/! 3.J;G.3%H!

U/D! &73D39! F./%&! DE0.G%J3%! &73! UQD#$%&D.3<3;/%<3%! 8/! "73&;/%<3%! /%&!

V3.J30.DL3<3%!&73!57%&3%3.<73%/#8/%<!7%!"E0/#8<3Q73#3%!L3%7<3.!D#$.J!37%H!

!

!"# $%&'()*++',-%.,/0)1'+23)1,

4%!&73D39!UQDE0%7##!L7.&!/%#3.D/E0#W!7%L73L37#!&73!6.<3Q%7DD3!X3!>/%&3D;$%&!

A$.773.3%H!I$2M.!L7.&!8/3.D#!$/2!&73!$;;<3937%3!"#./J#/.!&3.!>/%&3D;G%&3.!

37%<3<$%<3%H!

573! 8/! 3.L$.#3%! ;73<3%! &73! @1#3%873;;! %/#8Q$.3%! -;GE03%! 7%! &3%! <.1O3%!

-;GE03%;G%&3.%!RD7303!UQQ7;&/%<!YTH!I$D!=$%&!>$Z3.%!0$#!$/2<./%&!D37%3.!<.1O3%!

.G/9;7E03%! U/D&30%/%<! $/E0! 7%D<3D$9#! &73! <.KO#3%! %/#8Q$.3%! -;GE03%!

R,[H[((!J9
+
THF321;<#! L7.&! >$Z3.%! A1%! N73&3.D$E0D3%! 97#! ,+H\((!J9

+
! D1L73!

>.$%&3%Q/.<! /%&! >$&3%]5M.##39Q3.<W! &73! 97#! 3#L$! [H\((!J9
+
! $%! &.7##3.! "#3;;3!

.$%<73.3%H!

N73&3.D$E0D3%! 0$#! &73! <.KO#3! .3D#.7J#71%D2.373! -;GE03H! 4%! &3%! DM&;7E03%!

>/%&3D;G%&3.%! >$&3%]5M.##39Q3.<W! >$Z3.%W! ^037%;$%&]:2$;8! /%&! B3DD3%! 7D#!

$/2<./%&! &3.! <.1O3%! 5$;&2;GE03%! R7%! /%&! $/O3.0$;Q! A1%! "E0/#8<3Q73#3%T! &73!

-;GE03!10%3!^3D#.7J#71%!&3/#;7E0!.3&/873.#H!4%DQ3D1%&3.3!7%!&73D3%!>/%&3D;G%&3.%!

7D#! $;D1! &73! N/#8/%<! A1%! 5$;&2;GE03%! 7%! /%&! $/O3.0$;Q! A1%! "E0/#8<3Q73#3%!

UQQ7;&/%<! ['! U%#37;! &3.!

%/#8Q$.3%! -;GE03! $%! &3.!

F3D$9#2;GE03!7%!:.183%#!

!

!
!

!
!

"#$%&'!()*+(,,! -.$/%0123.!456"!
"#/&73!8/9!:1#3%87$;!&3.!57%&3%3.<73!!$%!=$%&!!

>7%%3%;$%&!57%&3%3.<73?19@/#3.A1.;$<3%!8/!B32#!C!

,+!

C 6.<3D%7EE3!

!"# $%&'()*+,-./01+2,32,4+%&501.)26,

F73! D3.3G0%3#3%! %/#8D$.3%! -;HG03%!I3.&3%! 3%#E@.3G03%&! &3.!F327%7#71%! 7%! &39!
A1.$%<3<$%<3%3%! J$@7#3;! 7%! KDD7;&/%<! L! 7%! &73! A73.! J;$EE3%'! -;HG03%! 10%3!
M3E#.7N#71%3%! O<.P%QR! %/#8D$.3.! 5$;&! $/S3.0$;D! A1%! "G0/#8<3D73#3%! O<3;DQR!
%/#8D$.3! -;HG03%! 7%%3.0$;D! A1%! "G0/#8<3D73#3%! O1.$%<3Q! /%&! %7G0#! %/#8D$.3!
-;HG03%!O.1#Q!$/2<3#37;#T!!

!
UD3.! &.37A73.#3;! &3.! -;HG03%! A1%! F3/#EG0;$%&! E7%&! 3%#E@.3G03%&! &39! "83%$.71!
%7G0#! %/#8D$.! OE7303! KDD7;&/%<! VQT! F73! PD.7<3%! ++!W! E7%&! @1#3%873;;! %/#8D$.3!
-;HG03%T!6#I$!37%!X73.#3;!&3.!PD.7<3%!-;HG03%!OY!W!&3.!<3E$9#3%!-;HG03Q!7E#!10%3!
M3E#.7N#71%3%! O%7G0#! 79! 5$;&! /%&! %7G0#! 7%! Z$#/.EG0/#8<3D73#3%Q! %/#8D$.T! F73!
%/#8D$.3%!5$;&2;HG03%R!&73!$/S3.0$;D!A1%!"G0/#8<3D73#3%!;73<3%R!9$G03%!C!W!&3.!

KDD7;&/%<!L'!J$.#3!&3.!
%/#8D$.3%!-;HG03%!7%!
F3/#EG0;$%&! The 2 % scenario 

Area	  without	  restric5on	  

Forest	  without	  nature	  
reserve	  
	  Usable	  nature	  
reserve	  

Unusable	  area	  

Onshore	  Wind	  –	  The	  poten5al	  
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,,Based on a new study, onshore wind energy 
can fulfill 65 percent of the German Energy 

Demand. But first the declared 
for wind turbines have to be 

removed in order to use the potential of the 
turbines to its maximum.„ 

Germany	  

Energy	  and	  power	  poten5al	  by	  using	  only	  2%	  of	  the	  German	  land	  area	  

maximum	  poten5al	  (area	  
without	  restric5ons)	  [GW]	  

full	  load	  
hours	   power	  [GW]	   profit	  [TWh]	  

using	  2%of	  the	  area	  

Onshore	  Wind	  –	  The	  poten5al	  
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Covers 1/10.000 of Germanys load curve at any time – control of real plants 

Wind Solar Biogas Hydro Import/ 
Export 

12,6 MW 5,5 MW 4,0 MW 1,0 MW 1,0 MW 

The	  Renewable	  Power	  Plant	  
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Source: Specht et al, 2009 
Sterner, 2009 
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wind	  
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power	  grid	  
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gas	  
storage	  

atmosphere,	  
biomass,	  waste	  
(fossil	  fuels)	  
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electrolysis	  
H2-‐tank	   methan-‐

a5on	  

renewable	  power	  
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gasfired	  power	  
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Storage	  by	  Linking	  Power	  and	  Gas	  Grids	  
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60-65% methane 

35-40% power 

50-60% power-heat  
  cogeneration 

vs. 0% by regulation 

Source: Specht et al, 2009 
Sterner, 2009 

Renewable	  Power	  (to)	  Methane	  
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The	  Wind	  Energy	  Growth	  Story	  

2020 

10.000 kW 
Ø 150m 

20.000 kW 
Ø 280m 

   ww 

5.000 kW 
Ø 126m 
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Wind	  Energy	  –	  State	  of	  the	  art	  
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Wind	  Energy	  –	  State	  of	  the	  art	  
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Growth	  &	  Scaling	  Laws	  

Absolute	  Value	   Propor1onality	  

Power	   P=ρ/2	  cp(λ)	  v3	  R2	  π	   	  R2	  

Speed	   R-‐1	  

Weight	   R3	  

Thrust	   S=ρ/2	  cs(λ)	  v2	  R2	  π	  
	  

R2	  

Weight	  loading	   R1	  



Andreas	  Reuter	  	  	  	  DPG-‐Spring-‐Mee5ng	  2012	  
	  

www.energiewende-‐sta.de	  

Going	  south	  :	  wind	  in	  forest	  areas	  



Andreas	  Reuter	  	  	  	  DPG-‐Spring-‐Mee5ng	  2012	  
	  

Old	  concepts	  are	  
back	  again	  
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...or	  new	  are	  being	  developed.	  



Andreas	  Reuter	  	  	  	  DPG-‐Spring-‐Mee5ng	  2012	  
	  

Especially offshore requires an integrated design approach 
 
- 6 MW – 126 m rotor 
 
- Down wind turbine 

- 2-bladed rotor 

- Jacket structure & tower 

- DC lonk 

- Weight appr. 250 tons 

 

Integrated	  turbine	  design	  for	  next	  genera5on	  
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And	  the	  Turbine	  of	  the	  2020s...	  Floa5ng?	  
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Energy	  Islands:	  a	  concept	  of	  future	  energy	  supply	  
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...or	  completely	  far	  out	  ideas	  instead	  of	  turbines?	  
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Thank	  you	  for	  your	  kind	  apen5on!	  
	  
	  


