


! " #
# $% & "&"
# '
()* +, T
%.( I# &01
22( 0 &#
3" - 0 (
- - ) &
14 0 "' !
& "&"






AR i | e

e e i 1 [TEL I
=
ey o TITETTTSE ] F B S e -

T |- |.| l-l.l_ 1 1EL h
= P I,_lw_lnf-'-:ll.-: ;
N R T

-




Where is the green energy to come from?
Dividing the renewables cake for electricity supply

TWh/year
P A e = h ek e LTI -
(J= Histaricol development ~ Future development = > Offshore wind
e 1 | iq!ﬂf_w
Photevoltaics :

BOOO

Onshore wind

~ Tide and wave

6000 -

- e Hydro (large)

2000
Solid biomaoss

1998 2001 2004 2007 2009 03 2014 0y
SOURCE: EUROPEAN COMMISSION










$

(((
$

OW )
I

*

. -10

+-1

)

*









1000 1 T FTTT
- | L B B 1 [ IR B DL | 1 LI D B I 1 L DR
NGINEERI .
14 MODULUS RELATIVE QOsT ENGINEER INEERING /]
. muy, | ~-CERMETS,
L YOUNGS MODULUS E Sy VY ]
MFA89-91 AL, 0, o ll
X MS STEELS  §5 - CS"N‘ “ o !I 7
FEAST IRONS “""?"5 —— / 7]
100k /
E AL [’ /:
- 4 / ]
s T SLASSES ‘\\ INEERING ! ,/ 4
a . / / COMPQSITES o]
) k—@\ NGINEERING ,l S
~ 7 AsH ALLOYS / /
anx\ l i / /
g 10— . y
= PARALLEL 7
- PpnEs  TO GRAIN / / 7
m L ( , / / ~
o : !/ S
o~ /ROLIMIDES _ 1y / .
) L ENGINEERING [ /S o
a8 | POLYMERS I
- / -
Q i <
= 1 }/ . |
- B!
o 4 .
8 C /// \ ]
> F / // / GUIDE LINES | ]
=) - ~1— FORMINIMUM | |
O ! COST DESIGN
2 J
0'1: POLYMER -
" EQAMS 3
001 L] '—'-‘-l N Y [ I I I
01 1 10 1000

RELATIVE COST PER UNIT VOLUME C,p (Mg/m?®)

10000



STRENGTH ¢, (MPa}

}QOOO B 1 |||ITI| H I T 1T P I 1 LI R LA
15.STRENGTH - RELATIVE COST ENGINEERING
METALS AND POLYMERS:YIELD STRENGTH
CERAMICS AND GLASSES:COMPRESSIVE STRENGTH
ELASTOMERS: TENSILE TEAR STRENGTH
COMPOSITES : TENSILE FAILURE  “FA:89-91

1000
ENGINEERING
COMPOSITES / /
/7

100| A
r /7]
0

;7
/ -
17 s _

e
/ i

///1
10 ‘\ =
- POLYMER - GUIDE LINES | -
FOAMS \ FOR MINIMUM
- ‘ COST DESIGN | T
1.0k .
01 Lo eyl { IR | Ll d Lyl ] |||11“: - SRR EE!
0.1 1 10 100 1000 10000

RELATIVE COST/UNIT VOLUME C_p (Mg/m’)



1000 T L T N | T T % [llliL - T T 1 1]
- LY
17 MODULUS-ENERGY - CNGIMEERNG \
C_...............-...ONTENT ENGINEERING "
YOUNGS MODULUS.E _A_LOYS\ RSLEFL;T.MS /
%_fsm ) reaugns f’;’
SN ors
100 DCD
B L %mmuovs
r (-MGALLDYS L _~/ A
% | PORQUS = @ “$n°ALLOYS qp C/ i
A CERAMICS 5FRP /]
I ENGINEERING |/ // e
C ST {-'/Pb ALLOY: £ =
- s G / 357
(:g x ENGINEEREN s 1 / / /4
! N T POLYMERS // __E_/ -
5 / =C
D . /// //qP B
w000 N
O i . & PRODUCTS " “mN /,/ //
= e //& 7
4Q0DS N
8 1.0 k — @
n r </ DESIGN 3
pa - POLYMER OPE 4 /’ .
" EOLYMER A_ GUIDE i
CDD - FOAMS 7 1/ T | LINES i
S I e / / -
i NATURAL ’ ARy
. ELASTOMERS / // / ’
0.1 £ !
» P .
- / -
- / / :
- / i
R / -
i | _ SYnTHETIC
I 1 ELASTOMERS 7]
0'01 'y 1 ] il Lot IR
0.1 100 1000

ENERGY CONTENT. gp (GJ/m?)

10.000



10'000 . T ™ T T T 1 LI IIIII‘—=H‘-|I];JI:
18, STRENGTH | ;s \
) /7 ENGINEERING \ ]
ENERGY CONTENT M%)E-?-::'—G ,’ Ceramics? | A
METALS AND POLYMERS : YIELD I \ [ 1
CERAMICS AND GLASSES - COMPRESSION 27N { /|
ELASTOMERS : TEAR STRENGTH / ) ENGINEERING  Foree; e
COMPOSITES - TENSILE STRENGTH ;““‘5“ J COMPOSITES P\, mi-auars
1000 BEAA ~ X 7
- EORQUS - N/ Verre /]
- ¢ R“”'CS REFRACTORIES /) A /]
B AND POTTERY i ;:‘ e -
iy - ’T- At:h:s // A
O L. 4
a
E 100 [ /'\ /
- REINFDRCED / / // n
- N cemeny YERETE / /0
o) - // i / / .
- / / / -d
T ONCRETE # 7
l—- - S /‘// s -
: ~
b 0 ! :
U) L ///'-—-" GUIDE -
- SYNTHETIC % 7 LINES N
- eastougrs_\ /7 :
_ o /// .
L
1 [ AL 7“‘ 2‘,\3 rd / -
~ ...P:L:C/ -
L Gp / N
/ -
- _ Vo
-~ POLYMER | c-f"z T
_ FOAMS e i
- q ¢ s
/ :
0.1 [ RN EEE ! ot ! L1l Lt
01 1 10 100 1000 10000

ENERGY CONTENT, qp (GJ/m?)



%

)+

1*+

( |
! !
#$ %& & '(( ) (( - +)
[, &% & 0O *( 10 +, *r
&& 1&$ -0( ( (( + (+
2 # 0 *-0 3(( H( (+0.

4 &56 5 ¥ ( (- (4



GEAZSAEPOXY SHEAR W

GLAZS /RO
SANDWICH

GLASS

Srnrm VEMEERS /EPOXY
EFOXY

3G 'CARROTS'
POTTED I EPQXY GROUT




& $

/

% $%

6 e

s e b









~N N NN

%& & ( $
$II 1

H& 7

&" I &%

#HI

8) $ 8)("%

+






7 |5 : 2 <=05%
7>%% W& :$5&% &
8?7 $5: $18/1 $ &

8 /:$555& /&; : & @ %
8&5 " /&% $

8=:% % 2%&$$ &
7 =: & $ &8%5






%









%' #

01







|
|

%/ &%

—
e ——
—
R —
———
e ——
f—
—
—




y \ ,"




@

2 $$
$% 2 &

./









5" && /9. &%

2.2 Thickness

r Blade Thickness Distribution

22 22

e th o ko D bk W thom
T

25




% @ &

900
800
700
600
500
400
300
200
140

P [kW]

—m—WD750. vO5_NACA_v02
—&— WD750. vO1 NACA vO02

20 25

30




5 %&$

120
100
80
60
40
20

—8—WD750. vO3 _NACA vO02
—a&—¥D750. vO1_NACA_v02)

20 25 30




6 / $

600

500

400

300

200

100

Blade Root combined BM [kNm]

—8—WD750. vO5 NACA_vO02Z
~4—WD750. vO1_NACA v02

| ]

20 25

30




% $ &%
[ &$ 2%%

$ -3<
@ $ *(<
$ -0<
&1&$ @ $ *0<
*.<
! <
A: b & <
& <

?1/ % & *<



&







$ &

Danish reference rotor

radius start up rated power shut down extreme gust
[m] 3 mfs, 6° 12 mis, 25° 25 mjs, 32° 70 mfs, 80°
20| ] ,
F
exira equal
101~ | energy loads | much reduced loads
) ™ '
0 wind speed
3 12 25 70 [m/s]
J A
10
20} \ \ '

Figure 1 Operation of the CONE-450 wind turbine
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Cone angle (deq)
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Figure 5 Hub centre Flapwise bending moment, Reference & CONE-450
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Picture 7: 1200 kW layout: Vensys 62
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Picture 3: Generator efficiency vs. power output
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Hourly-Monthly Averages
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