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ENERCON product overview

Advantage through innovation

RRLCrgy CONVertets.

\novation.

........... {
rgy converters have been syno rhoq -
- profitability. The importance of tech&gs 1
power supply security is constantly increasing. ENERCON'’s control
a wide range of technological options which can be adapted to the
s of large power transmission systems. Continuous research and
as well as a degree of vertical integration that is unrivalled in the
e the high quality standards, the reliability and the profitability of

rgy converters. Together with customer-oriented service, they
any’s continued success.




Calculated power curve

M Power P (kW) M Power coefficient Cp (-)
1,000 | tD.éU
- 900
4 800 0.50
Zgg / AN - 0.40
[ Y
500 - 0.30
400 I AN
300 / S! L\l - 0.20 '
200 /:l Md;f %\M . Gearless, variable speed,
100 - single blade adjustment
D-M TD.UO .......................................................................
L ' 0 5 10 15 20 25 Rotor
Wind speed v at hub height (m/s) . . .
Type: Upwind rotor with active
pitch control
b Rotational direction Clockwise
ower- | ey ey e N e e S PO S r PP PP PO PP PP
coefficient No. of blades: S e
Cp (-) Swept area: 1,521 m?
Blade material: GRP (epoxy resin);
Built-in lightning protection
: : Rotational speed: Variable, 16 - 34.5 rpm
SRR SR o o o 016 . Pitch control: ENERCON single blade
4 : 20.0 : 0.34 pitch system; one inde-
.. ....................... .. ....................... pendent pItCh System per
SRR O USSR SO RO rotor blade with allocated
6 : 96.0 : 0.48 emergency supply
7 ........... ......... 1 560 ......... .......... 049 ......... Drive train with generator
e BB R Main bearing; Twin tapered roller bearing
e e S S S Generator: ENERCON direct-drive
10 : 466.0 : 050 annular generator
......................................................................... Grid feed: ENERCON inverter
1 : 4600.0 : 0.48
s ....................... ........................ Brakesystems: _Sindependent pltch con-
........... o T trol systems with emer-
13 : 790.0 : 0.39 gency power supply
1% : 8500 . 0.33 - Rotor brake
........................ — Rotor lock
15 . 880.0 . 0.28 S e
e e Yaw system: Act|vev|ayawgear'
16 : 905.0 : 0.24 load-dependent damping
17 : 910.0 : 0.20 Cut-out wind speed: 28 - 34 m/s
.......................a: ....................... E ........................ [Wlth ENERCON Storm
........... U A U N control*) -
: .................. oees R LS LS K AL CR LI LR PR RTLRS Main carrier
19 : 910.0 : 0.14 Remote monitoring:  ENERCON SCADA _
........................ E .......................E........................ @ Yawdrlve
20 : 910.0 : 0.12
....................... .. @ Annulargenerator
21 : 910.0 : 0.11
........................ o Blade adapter
22 : 910.0 : 0.09
T Y B E Rotor hub
23 : 910.0 : 0.08 i
B U ST é, [6] Rotor blade
24 910.0 0.07 &
....................................................................... ‘: * For more information on the ENERCON storm control feature,
25 910.0 0.06 o please see the last page.




Calculated power curve

. A M Power P (kW) M Power coefficient Cp (-]

800 I 0.60
700 M}(f 0.50
ggg / kY - 0.40
400 ;5 ‘l \ - 0.30
0 A

WEC concept: Gearless, variable speed,
-0.10
108 ljﬂj/ N{W oo single blade adjustment

0 5 10 15 20 25 Rotor
Wind speed v at hub height (m/s) A ) )
Type: Upwind rotor with active
pitch control
P Rotational direction Clockwise
ower— | T P PP
"o coefficient No.ofblades: . ST
Cp (-) Swept area: 1,810 m2
Blade material: GRP (epoxy resin);
Built-in lightning protection
: : Rotational speed: Variable, 16 - 31.5 rpm
........... S 20 Pitch control: ENERCON single blade
4 : 25.0 : 0.35 pitch system; one inde-
.. ....................... .. ....................... pendent pItCh System per
SRRSO SRRSO SR RS rotor blade with allocated
6 : 110.0 : 0.46 emergency supply
7 ............ 1800 ......... .......... 047 ......... Drive train with generator
........... SO SO RO s S Main bearing: Twin tapered roller bearing
........... EATROOE SO SR SO Generator: ENERCON direct-drive
10 555.0 050 annular generator
......................................................................... Grid feed: ENERCON inverter
11 : 671.0 : 0.45
\ ....................... ........................ Brakesystems: _Sindependent pltch con-
........... T e RO SO S trol systems with emer-
13 : 790.0 : 0.32 gency power supply
1% : 810.0 . 0.97 - Rotor brake
........................ — Rotor lock
15 . 810.0 . 0.22 R P P EEE: e
B PP e Yaw system: Active via yaw gear,
16 810.0 0.18 load-dependent damping
17 : 810.0 : 0.15 Cut-out wind speed:  28-34m/s
........... 1.é..........a:.........8.1.6.6.........E...........O.:l.:-J;......... [Wlth ENERCON Storm
: : : control*)
"""""""""""" R L LS AL CR LR R IR R R LES Main carrier
19 : 810.0 : 0.11 Remote monitoring: ENERCON SCADA
........................ E .......................E........................ @ YaWdriVe
20 : 810.0 : 0.09
.. ....................... ........................ @ Annulargenerator
21 : 810.0 : 0.08
........................ e Blade adapter
22 : 810.0 : 0.07
et B E Rotor hub
23 : 810.0 : 0.06 K
B U ST U T é, [6] Rotor blade
24 810.0 0.05 9 » ,
....................................................................... o *For more information on the ENERCON storm control feature,
25 810.0 0.05 5 please see the last page.




Y 4 Calculated power curve Technical specifications E-53

M Power P (kW) M Power coefficient Cp (-) Rated power: 800 kW
800 7 0.60 Rotor diameter: 52.9m
Zgg > 050 Hub height in meter: 50/ 60/ 73
500 { //LA\ 040 Wind zone (DIBt): WZ Il exp
“001— Fa N [ 030 Wind class (IEC): IEC/NVN Class S
300 / 7 S - 0.20 [V, = 7.5 m/s, Vg, = 57 m/s]
200 3 i ] Lo
100 TW]» ' WEC concept: Gearless, variable speed,
B sngle blade adjustment
Wind speed v at hub height (m/s) Rotor
Type: Upwind rotor with active
pitch control
PC;‘f’Ye_r‘ . Rotational direction: Clockwise
coafficient | TP e v S ey PP PPt VST
Cp [-) No.ofblades: S
Swept area: 2,198 m2
Blade material: GRP (epoxy resin);
Built-in lightning protection
: : Rotational speed: Variable, 11 - 29.5 rpm
4 38.0 0.44 Pitch control: ENERCON single blade
.. ....................... .. ....................... pItCh system;oneinde-
SRR NS OO e NN SO ohe pendent pitch system per
6 : 1410 : 0.48 rotor blade with allocated
........................E ....................... E‘ ....................... emergency SuppLy
7 228.0 0.49
8 336.0 0.49 Drive train with generator
9 : 480.0 : 0.49 Main bearing: . Twin tapered roller bearing
10 : 6450 : 0.48 Generator: ENERCON direct-drive
........................ Pt annular generator
........... LS SO SR N Grid feed: ENERCON inverter
........... o Brake systems: - 3 independent pitch con-
13 : 8100 : 027 trol systems with emer-
B P PP PP RRES TR gency power supp[y
........... 148100022 - Rotor brake
15 : 810.0 : 0.18 - Rotor lock
. S, e Yawsystem ................ Act|vev|ayawgear .............
17 810.0 012 load-dependent damping
.......................a: ....................... E ........................ Cut-outwindspeed 28—34 m/S
........... FS U eSO SN S (with ENERCON storm -
19 810.0 0.09 control®) Main carrier
.................................................................................. _'""_"".'”""""""""""""""'"'"""'" Yaw drive
0 : 8100 : 008 Remote monitoring:  ENERCON SCADA 2 |
....................... .. @ Annulargenerator
21 : 810.0 : 0.06
........................ o Blade adapter
22 : 810.0 : 0.06 E Rotor hub
e e S, otor hu
........... 2 38100005 é, [6] Rotor blade
24 810.0 0.04 &
....................................................................... S * For more information on the ENERCON storm control feature,
25 810.0 0.04 & please see the last page.




Calculated power curve
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Technical specifications E-70 E4

B Power P (kW) M Power coefficient Cp (-) Rated power: 2,300 kW
2,400 ' ,<>”>J ' I 0.60 Rotor diameter: 71 m O
2100 /,v?*’!l I T
800 N Hub heightinmeter: 57/64/75/85/98/114
1,500 // d \\ 040 Wind zone (DIBt): wz il
1200 7—— 7 N [ 030 Wind class (IEC): IEC/EN IA and IEC/EN lIA
900 7 —~ o Lo R SR T :
600 P 7 L 010 WEC concept: Gearless, variable speed,
308 M ]’ 0'00 single blade adjustment
! ; = + o TO00
Rotor
Wind speed v at hub height (m/s) A ) )
Type: Upwind rotor with active
pitch control
P Rotational direction Clockwise
ower | P v o et E A v PP P s PP
eETEE No. of blades: 3
Cp (-) Swept area: 3,959 m?
Blade material: GRP (epoxy resin);
Built-in lightning protection
Rotational speed: Variable, 6 - 21 rpm
5 180 097 L T Sl
......................................................................... Pitch control: ENERCON single blade
4 56.0 0.36 pitch system; one inde-
....................................................................... pendent pltCh SyStem per
T ST OO L BT SO 0z L rotor blade with allocated
b 240.0 0.46 emergency supply
7 ......... AUOD ........... 048 ......... Drive train with generator
........... OIS SOOI co OO SOOI oo OO Main bearing: Double row tapered/cylin-
9 892.0 0.50 drical roller bearings
........... 1012230050 Comar ENERCON direct drive
.- .................................. annular generator
........... LT SO o BTN SO AN Grid feed: ENERCON inverter
........... B b 13000 s Brake systems: - 3 independent pitch con-
13 20800 039 trol systems with emer-
....................................................................... gency power supp[y
........... 1422300034 - Rotor brake
........... IS e 23000 L0 - Rotor lock
16 : 2,310.0 : 0.23 Yaw system: Active via yaw gear,
........... 1723100019 load-dependent damping
....................................................................... Cut'out wind Speed 28 _ 34 m/S
........... PO SOt o PO SO SR (with ENERCON storm -
19 53100 o1 control*] Main carrier
........... 2. 6...........-........2..3.1.[.].(.]........~..........b..‘|.2.......... Remotemonitoring: ENERCON SCADA @ YaWdriVe
................................. ! @ Annulargenerator
21 2,310.0 0.10
........... 2 223100009 Blade adapter
S E Rotor hub
........... 2 323100008 é, [6] Rotor blade
24 2,310.0 0.07 9 » ,
....................................................................... o *For more information on the ENERCON storm control feature,
25 2,310.0 0.06 5 please see the last page.




Calculated power curve
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Technical specifications E-82 E2

B Power P (kW) W Power coefficient Cp (- Rated power: 2,000 kW
2,000 i/ 0.60 Rotor diameter: 82m
o et N 0.50 Hub heightin meter:  78/84/85/98/108/138
1250 / / \\ F0.40 Wind zone (DIBt): wzil
1,000 4 7 i [ 030 Wind class (IEC): IEC/EN IIA
750 ] v N Loo0 e R :
500 i 7 L 0.10 WEC concept: Gearless, variable speed,
250 e % 0'00 single blade adjustment
0 ' ' b 0,00 e e e
0 5 10 15 20 25 Rotor
Wind speed v at hub height (m/s) . . .
Type: Upwind rotor with active
pitch control
P Rotational direction Clockwise
swEre | e R
PO[Y(VVQVG i coefficient No.of blades: . O
Cp (-) Swept area: 5,281 m?
Blade material: GRP (epoxy resin);
Built-in lightning protection
Rotational speed: Variable, 6 - 18 rpm
5 250 029 T S
......................................................................... Pitch control: ENERCON single blade
4 82.0 0.40 pitch system; one inde-
....................................................................... pendent pltCh SyStem per
SRR SR N SR e rotor blade with allocated
6 321.0 0.46 emergency supply
75320 ........... 048 ......... Drive train with generator
........... SRR OO AU SO S Main bearing: Double row tapered/cylin-
9 1180.0 0.50 drical roller bearings
........... 1015800049 Comar ENERCON direct drive
.' .................................. annu[ar generator
........... LS TR SR N Grid feed: ENERCON inverter
........... S U SO Brake systems: - 3 independent pitch con-
13 20500 0.29 trol systems with emer-
S gency power supp[y
........... 1420500023 - Rotor brake
........... LSO SO eoBOS EO AS - Rotor lock
16 : 2,050.0 : 0.15 Yaw system: Active via yaw gear,
........... 1720500013 load-dependent damping
....................................................................... Cut'out wind Speed 28 _ 34 m/S
........... SR OB L (with ENERCON storm -
19 5 050.0 0.09 control*] Main carrier
........... 2. 6...........-........2..0.5.[.].(.]........~..........b..0.8.......... Remotemonitoring: ENERCON SCADA @ YaWdriVe
........................................................................ @ Annular generator
21 2,050.0 0.07
........... 2 220500006 Blade adapter
P E Rotor hub
........... 2 320500005 é, [6] Rotor blade
24 2,050.0 0.05 &
....................................................................... o * For more information on the ENERCON storm control feature,
25 2,050.0 0.04 o please see the last page.




Calculated power curve

M Power P (kW) M Power coefficient Cp (-)
2,500 0.60
2,000 0.50

d/ - 0.40

1,500
/ ﬁ/ Q\\h - 0.30

1,000
}/ \ku‘\l L 0.20

500 -

Mo.m
0 } ; }0.00

0 5 10 15 20 25
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Technical specifications E-82 E2

Rated power: 2,300kW

Rotor diameter: 82m

Hub height in meter:  78/84/85/98/108/138

Windzone [DIBY): WZUl i

Wind class [IEC]: IEC/ENNA . 2 3 O 0 kW
WEC concept: Gearless, variable speed, :

single blade adjustment

Rotor
Wind speed v at hub height (m/s) A ) )
Type: Upwind rotor with active
pitch control
b Rotational direction Clockwise
ower | P v et P v PP P s PP
coefficient No.ofblades: S
Cp (-) Swept area: 5,281 m?
Blade material: GRP (epoxy resin);
Built-in lightning protection
Rotational speed: Variable, 6 - 18 rpm
........... S B Pitch control: ENERCON single blade
4 82.0 0.40 pitch system; one inde-
....................................................................... pendent pltCh SyStem per
e RS rotor blade with allocated
6 321.0 0.46 emergency supply
75320 ........... 048 ......... Drive train with generator
........... SRR SOOI LN SOt SO Main bearing: Double row tapered/cylin-
9 1180.0 0.50 drical roller bearings
10 1580.0 0.49 Generator: ENERCON direct-drive
........................................................................ annu[ar generator
........... M Grid feed: ENERCON inverter
........... T O e SO SO S Brake systems: - 3independent pitch con-
13 29500 032 trol systems with emer-
....................................................................... gency power supp[y
14 2,350.0 0.26 — Rotor brake
15 2,350.0 0.22 _ Rotor lock
16 : 2,350.0 : 0.18 Yaw system: Active via yaw gear,
17 2,350.0 0105 load-dependent damping
....................................................................... Cut'out wind Speed 28 _ 34 m/S
........... OO OO et SO (with ENERCON storm o
: 1 ain carrier
19 2350.0 0N A S
........................................................................ . . . YaW drive
0 23500 009 Remote monitoring:  ENERCON SCADA 2 |
........................................................................ @ Annular generator
21 2,350.0 0.08
......................................................................... Blade adapter
22 2,350.0 0.07 E Rotor hub
....................................................................... otor hu
23 : 2,350.0 : 0.06 ”E @ Rotor blade
2% 2,350.0 0.05 2
....................................................................... S * For more information on the ENERCON storm control feature,
25 2,350.0 0.05 & please see the last page.
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Calculated power curve

M Power P (kW) M Power coefficient Cp (-)

2,500 040
2,000 0.50
1,500 4 L 0.40

N
1,000 / \\\\L oot
500 1 L 0.10
0- } M 0.00

0 5 10 15 20 25

Wind speed v at hub height (m/s)

Power P Power-
(kW) coefficient
Cp (-)

3 25.0 : 0.29
........... 4820040
B 1740 ................... S
6 ......... 3210 ........... 046 .........
75320 ................... S
........... 88150049
........... S
........... 1015800049
........... T SR
........... 1221000038
........... 1322500032
........... 1423500025
........... 1523500022
........... 1523500018
........... 1723500015
........... 1823500012
........... 1923500011
........... ; 023500009
........... ; 123500008
........... ) 223500007
........... ; 323500006
........... ; 423500005
........... , 523500005

p = 1.225 kg/m3

Technical specifications E-82 E4

Rated power: 2,350kW
Rotor diameter: 82m
Hub height in meter:  59/69/78/84 ..
Windzane [DIBY): i
Wind class [IEC]: IEC/EN 1A and IEC/ENIIA
WEC concept: Gearless, variable speed,
single blade adjustment
Rotor
Type: Upwind rotor with active
pitch control
Reisiaraldracion, Clockwse
No. of blades: 3
Swept area ................. 5281m2 ...........................

GRP (epoxy resin);
Built-in lightning protection

Pitch control: ENERCON single blade
pitch system; one inde-
pendent pitch system per
rotor blade with allocated
emergency supply

Drive train with generator

Double row tapered/cylin-
drical roller bearings

Main bearing:

Generator: ENERCON direct-drive
annular generator
Grid feed: ENERCON inverter

Brake systems: - 3 independent pitch con-
trol systems with emer-
gency power supply

- Rotor brake

- Rotor lock

Yaw system: Active via yaw gear,
load-dependent damping
Cut-out wind speed 28 -34m/s
(with ENERCON storm
control*)

Remote monitoring: ENERCON SCADA

* For more information on the ENERCON storm control feature,

please see the last page.

2,390 kW

Main carrier

[2] Yaw drive

[3] Annular generator
Blade adapter

[5] Rotor hub

[6] Rotor blade




Calculated power curve

M Power P (kW)

3,000 W 0.60

2,500 0.50

2,000 \V/ 0.40

1,500 f f \‘ 0.30
4 Y/

1,000 AN 0.20

500 / / \ - 0.10
ohodiaa” i

B Power coefficient Cp (-)

0 5 10 15 20 25
Wind speed v at hub height (m/s)

Power P POV.Ve_r'
(kW) coefficient
Cp (-)
3 : 25.0 0.286
4 820 : 0.396
............ : 17400430
............ 6 32100459
............ : 52500473
............ : 80000483
9 © 11350 0.481
10 1,510.0 0.467
........... 11188000437
........... 122200003%
........... 13250000352
........... 14277000312
15 C 29100 0.267
16 © 30000 : 0.226
........... 17302000190
........... 18302000160
........... i R
........... 20302000“7
21 3,020.0 0.101
22 3,020.0 0.088
........... 23302000077
........... G Ry
........... s

1.225 kg/m?3

p=

Technical specifications E-82 E4

Rated power: 3,000kW
Rotor diameter: 82m
Hub heightin meter:  69/78/84 ..
Windzane [DIBY): e
Wind class [IEC]: IEC/EN1Aand IEC/ENIIA
WEC concept: Gearless, variable speed,
single blade adjustment
Rotor
Type: Upwind rotor with active
pitch control
Reisiaraldracion, Clockwse
No. of blades: 3
Swept area ................. 5281m2 ...........................

GRP (epoxy resin);
Built-in lightning protection

Pitch control: ENERCON single blade
pitch system; one inde-
pendent pitch system per
rotor blade with allocated
emergency supply

Drive train with generator

Double row tapered/cylin-
drical roller bearings

Main bearing:

Generator: ENERCON direct-drive
annular generator
Grid feed: ENERCON inverter

Brake systems: - 3 independent pitch con-
trol systems with emer-
gency power supply

- Rotor brake

- Rotor lock

Yaw system: Active via yaw gear,
load-dependent damping
Cut-out wind speed 28 -34m/s
(with ENERCON storm
control*)

Remote monitoring: ENERCON SCADA

* For more information on the ENERCON storm control feature,

please see the last page.

3,000 kW

Main carrier

[2] Yaw drive

[3] Annular generator
Blade adapter

[5] Rotor hub

[6] Rotor blade

PAGE 19




Calculated power curve
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Technical specifications E-92

W Power P (kW) M Power coefficient Cp (-) Rated power: 2,350 kW
2,500 ' ooy 0-90 Rotor diameter: 92m
2,250 M\g 045 .. R e -
2,000 7 N 0.40 Hub height in meter: 78/84/85/98/104/108/138
095 e ST T SR T LT
o / i 030 Wind zone (DIBt):: Wzl
o I | 7 % o Wind class (IEC): IEC/EN IIA
) ] i NC D0 SRR
;gg d Pl \w\ 0.10 WEC concept: Gearless, variable speed, :
250 / Vi 5 0.05 single blade adjustment
0 . L 000 e
0 5 10 15 20 25 Rotor
Wind speed v at hub height (m/s) . . .
Type: Upwind rotor with active
pitch control
P Rotational direction Clockwise
ower | P P F e ST T R o T RN
eETEE No. of blades: 3
Cp (-) Swept area: 6,648 m?
Blade material: GRP (epoxy resin);
Built-in lightning protection
Rotational speed: Variable, 5 - 16 rpm
5 299 097 R T St e R
......................................................................... Pitch control: ENERCON single blade pitch
4 98.2 0.38 system; one independent
....................................................................... pItCh SyStem per rotor blade
s el with allocated emergency
6 3843 0.44 supply
7 ......... 6370 ........... 046 ......... Drive train with generator
........... OO SRR Al RO SO AT Main bearing: Double row tapered/cylin-
9 1403.6 0.47 drical roller bearings
10 : 18178 : 0.45 Generator: ENERCON direct-drive
........................................................................ annu[ar generator
........... AT Grid feed: ENERCON inverter
........... B b 220 LR Brake systems: - 3 independent pitch control
13 23000 026 systems with emergency
T powersupply
........... 1423500021 - Rotor brake
........... B B B300 LT - Rotor lock
16 : 2,350.0 : 0.14 Yaw system: Active via yaw gear,
17 2,350.0 012 load-dependent damping
....................................................................... Cut'out wind Speed 28 _ 34 m/S
........... RO SO os OO SO S (with ENERCON storm con- -
19 53500 008 trol*) Main carrier
.......................................................................................... T
0 23500 007 Remote monitoring: ENERCON SCADA 2 |
........................................................................ @ Annular generator
21 2,350.0 0.06
......................................................................... Blade adapter
22 2,350.0 0.05
....................................................................... E Rotor hub
........... 2 323500005 é, [6] Rotor blade
24 2,350.0 0.04 &
....................................................................... S * For more information on the ENERCON storm control feature,
25 2,350.0 0.04 & please see the last page.
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Calculated power curve Technical specifications E-101

B Power P (kW) W Power coefficient Cp (-) Rated power: 3,050 kW
3,000 I 0.50 Rotor diameter: 101 m
o N 0.40 HubheightInmeters 99/124/135/149 ...
2,000 S! 75 \ 030 Wind zone (DIBt): Wzl
- e A ) e TR
1,500 Wind class (IEC): IEC/ENIIA
oo / 4 Y Lo o NinddassUEL: L EMENDA
e S ——— [ s
O-M . F0.00 g ............... justment
0 5 10 15 20 25 Rotor
Wind speed v at hub hight (m/s) ) ) )
Type: Upwind rotor with active
pitch control
b Rotational direction Clockwise
e
coefficient No.ofblades: S e
Cp (-) Swept area: 8,012 m?
Blade material: GRP (epoxy resin);
Built-in lightning protection
Rotational speed: Variable, 4 - 14.5 rpm
e ] 30 i 02r Pitch control: ENERCON single blade
4 118.0 0.376 pitch system; one inde-
........................ :,.......................E........................ pendent pltCh System per
............ BB e rotor blade with allocated
6 : 479.0 : 0.452 emergency supply
............ 7 79000469 Drive train with generator
B S P00 e Main bearing: Double row tapered/cylin-
9 ;. Lmoo 0478 dricatroller bearings
10 : 2340.0 0.477 Generator: ENERCON direct-drive
........................ e e annular generator
........... R e Grid feed: ENERCON inverter
........... 1 b BORD s Brake systems: - 3independent pitch con-
13 3.050.0 0.283 trol systems with emer-
........................ _' gency power Supp[y
........... 14305000227 - Rotor brake
........... B b 30800 e - Rotor lock, latching (10°)
16 : 3,050.0 : 0.152 Yaw system: Active via yaw gear,
17 3,050.0 0127 load-dependent damping
........................ ?.......................E........................ CUt-OUtWindSpeed 28—34 m/S
........... e 30 Y (with ENERCON storm .
190D Rm00 0091 control”) R
......................................................................... S v drive
0 S eon : 0078 Remote monitoring:  ENERCON SCADA 2 ]
........................ , @ Annulargenerator
21 : 3,050.0 : 0.067
........................ S........................S........................ Rotorhub
22 : 3,050.0 : 0.058
........................ S PN PR E Rotor blade
23 : 3,050.0 : 0.051 ”E
2% ©o30500 0.045 2
....................................................................... o * For more information on the ENERCON storm control feature,
25 3,050.0 0.040 & please see the last page.




PAGE 24

-107

3,900 kW

Calculated power curve

W Power P (kW) MW Power coefficient Cp (-)

3,500 WWW 0.70
3,000 j! 0.60
2,500 0.50

2,000 k\ 0.40
1,500 / % \1 0.30
1,000 f ;/ \\ 0.20
500 / / \LO’O"‘ 0.10
0 -M T + 0.00

0 5 10 15 20 25
Wind speed v at hub height (m/s)

Power-
coefficient
Cp (-)

3 37.0 0.28
............ S e
............ : 25300“
............ 6 4690044
............ : 7750046
............ 8 11750047

9 16800 047

10 L 22800 0.46
........... 1128100043
........... 1232000038
........... 1334000032
........... 1434650026

15 3,500.0 0.21

16 35000 0.17
........... 1735000015
........... 1835000012
........... e T
........... 2035000009

21 35000 0.08

22 35000 0.07
........... 2335000006
........... et
........... e

1.225 kg/m?3

p=

Technical specifications E-101 E2

Rated power: 3,500 kW

Roordameter,im

Hub height in meter: 74

Windzone (DIBH:  WZNV

Wind class (IEC): EC/ENIA o

WEC concept: Gearless, variable speed,
single blade adjustment

Rotor

Type: Upwind rotor with active
pitch control

Rotatianal dracton, " Cocoze

No. of bledes: . 3

Swept area: 8,012 m?2

GRP [epoxy resin);
Built-in lightning protection

Pitch control: ENERCON single blade
pitch system; one inde-
pendent pitch system per
rotor blade with allocated
emergency supply

Drive train with generator

Main bearing: Double row tapered/cylin-

drical roller bearings

Generator: ENERCON direct-drive
annular generator
Grid feed: ENERCON inverter

Brake systems: - 3 independent pitch con-
trol systems with emer-
gency power supply

- Rotor brake
- Rotor lock, latching (10°)

Active via yaw gear,
load-dependent damping

Cut-out wind speed:  28-34m/s
(with ENERCON storm
control*)

Remote monitoring: ENERCON SCADA

* For more information on the ENERCON storm control feature,

please see the last page.

Main carrier

[2] Yaw drive

[3] Annular generator
Rotor hub

[5] Rotor blade
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Calculated power curve Technical specifications E-115

M Power P (kW) M Power coefficient Cp (-) Rated power: 3,000 kW

3,000 J/,o—o—oé—o-w—oé—o—o—o—o-& 0.60 Rotor diameter: 115.7m
: 2500 0.50 Hub heightin meter:  92/122/135/ 149
2,000 /’ /34\ 0.40 Wind zone (DIBt): wz il
1,500 RN 0.30 Wind class (IEC): IEC/EN lIA
: 1,000 0.20 _ :
: S00 / / \\n 010 WEC concept: Gearless, variable speed, H
: ) single blade adjustment :
: 0 _M %To-o'o'o"f 000 gebagead e
: 0 5 10 15 20 25 Rotor
Wind speed v at hub height (m/s)
: Type: Upwind rotor with active H
pitch control
e Rotational direction Clockwise
: ower- RS Py Dyt SR P A E
PO[\((VVQVG i coefficient No. ofblades: S
Cp () Swept area: 10,515.5 m? :
Blade material: GRP (epoxy resin);
Built-in lightning protection
: : Rotational speed: Variable, 4 - 12.8 rpm
A [ | SO e B b 2T Pitch control: ENERCON single blade
: 4 : 155.0 : 0.376 pitch system; one inde-
. ....................... .. ....................... pendent pItCh system per
P e ST R Lo S ezt . rotor blade with allocated
: 6 : 627.5 E 0.451 emergency supply
O ———— ., e~ [ LS R 0469 Drive train with generator
- - = 2N SNSRI SO o oeoBO SO ca Lo S Main bearing: Double row tapered/cylin-
9 : 2.090.0 : 0.445 drical roller bearings ]
g ........... ‘.I.U ........... : ....... .2 .:5.8.(.].[.] ........ : .......... 0. .A..[.J.’I ......... Generator. ENERCON dlrect_drlve é
e et ————_ e e annular generator :
_— . ===—————— . [ R 27000 i 0338 . Grid feed: ENERCON inverter
= ===——————33. R L3000 ] 02 Brake systems: - 3independent pitch con-
13 3,000.0 0212 trol systems with emer-
B L PR R EPRTREE: T E TR ERREPPPS gency powersupp[y
—_——————— e, e Mo R 3oog . O o - Rotor brake
— s E=———————W Lo 30000 e, 0138 . - Rotor lock, latching (10°)
16 3,000.0 0.114 Yaw system: Active via yaw gear,
17 © 30000 0095 load-dependent damping
E .ao.ao.ao.ao.ao.ao.ao..a: ....................... E‘ ....................... cut_°utwindspeed: 28_34 m/s g
—_————————— - ————— . SRR S e SO s S (with ENERCON storm o :
i 19 Bm00 i e COMIOL) e s
e R R R PR R R R R PRRRRS . . ) YaW drive 5
E 20 : 30000 : 0.058 Remote monitoring: ENERCON SCADA 2] ;
....................... , ....................... ........................ E Annular generator ;
: 21 S 03,0000 : 0.050
e e e = e o e Rotor hub
: 22 : 3,000.0 : 0.044
: N e [5] Rotor blade H
: 23 : 3,000.0 : 0.038 ”E §
: 24 . 30000 003 &
e T PP P PP PP PP P PP PEPPLPS o * For more information on the ENERCON storm control feature,

i 25 3,000.0 0.030 o please see the last page.




Calculated power curve Technical specifications E-126 EP4

M Power P (kW) M Power coefficient Cp (- Rated power: 4,200 KW
4,500 | ] bos Rotor diameter: 127 m
o yf' N7 [ 0.4 Hub height in meter: 135
3,000 7 7R 03 Wind zone (DIBt): wzlil
2,500 7 Vi T T | :
2,000 | Fi 0o Wind class (IEC): IEC/EN 1A :
1'500 | — — 20 R L 3
1-ggg 17 oo - 0.1 WEC concept: Gearless, variable speed,
0- | | } oo single blade adjustment :
0 5 10 15 20 D5 e é
Wind speed v at hub height (m/s) Rotor
Type: Upwind rotor with active
pitch control H
b Rotational direction Clockwise
ower | P v et P v PP P s PP :
coefficient No.ofblades: S
Cp (-) Swept area: 12,668 m? :
Blade material: GRP (epoxy resin);
Built-in lightning protection
: : Rotational speed: Variable, 3 - 11.6 rpm
5 : 58.0 E 098 L S TR SR T el :
........................ S S Pitch control: ENERCON single blade
4 : 185.0 : 0.37 pitch system; one inde-
.. ....................... .. ....................... pendent pItCh System per
............ SO O NN SO LSO rotor blade with allocated
6 : 745.0 : 0.44 emergency supply
............ 7 12000045 Drive train with generator
............ ST SOl WO SO s OO Main bearing: Double row tapered/cylin-
9 : 2.450.0 : 0.43 drical roller bearings :
10 : 3,120.0 : 0.40 Generator: ENERCON direct-drive
........................ P annular generator ]
........... LTSRN ST SOV SOOI A Grid feed: ENERCON inverter
........... U SO co RO SO N Brake systems: - 3independent pitch con-
13 : 4,150.0 : 024 trol systems with emer-
e e gency power supp[y
........... 1442000020 - Rotor brake
15 : 4,200.0 : 0.16 :
o 000 s Yawsystem ................ Act|vev|ayawgear .............
17 4,200.0 011 load-dependent damping
.......................a: ....................... E ........................ Cut-outwindspeed 28—34 m/S g
........... SO ST SO AN (with ENERCON storm - s
19 ©42000 G 008 control*) o
.................................................................................. _'""_"".'”""""""""""""""'"'"""'" Yaw drive 5
20 T 000 : 007 Remote monitoring:  ENERCON SCADA 2 ] 3
....................... .. @ Annular generator ;
21 : 4£,200.0 : 0.06
........................ e Blade adapter
22 : 4,200.0 : 0.05
B N PT. S E Rotor hub H
........... 2342000004 é, [6] Rotor blade
24 4,200.0 0.04 & :
....................................................................... = * For more information on the ENERCON storm control feature,
25 4,200.0 0.03 & please see the last page.
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Calculated power curve

M Power P (kW)

8,000 ————————% (50

7,000 PESSN

6,000 Vil X - 0.40

5,000 / AN

' P Q) -0.30

4,000

3,000 N 0.20

2,000 / o,

' 7 L 0.10

1,000 Nﬁ.‘{

0 ; }o0.00

0 5 10 15 20 25
Wind speed v at hub height (m/s)

M Power coefficient Cp (-]

Power-
coefficient
Cp (-)

4 175.0 0.352
BN TR o
e B R o
712500 .......... o
........... T

9 © 27000 0477

10 3,750.0 0.483
........... 11485000470
........... 12575000429
........... 13650000381
........... 14700000329

15 C 73500 0.281

16 75000 : 0.236
........... B
........... 18758000168
........... RS S
........... : 0758000122

21 7,580.0 0.105

22 7,580.0 0.092
........... 2 3758000080
........... s D
........... G P

1.225 kg/m?3

p=
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Technical specifications E-126

Rated power: T8O kW

Rotor diameter: 2rm [ ]

Hubheightinmeter: 135 ...

Windzone [DIBY): WZUl i

Wind class [IEC]: IEC/ENIA . 7 5 8 0 kW

WEC concept: Gearless, variable speed, :
single blade adjustment

Rotor

Type: Upwind rotor with active
pitch control

Raistoral dracion.  Cuociowze

No. of blades: 3

Sweptarea ................. 12668m2 .........................

GRP (epoxy resin)/GRP;
GRP (epoxy resin)/steel;
Built-in lightning protection

Pitch control: ENERCON single blade
pitch system; one inde-
pendent pitch system per
rotor blade with allocated
emergency supply

Drive train with generator

Main bearing: Single row tapered roller

bearings

Generator: ENERCON direct-drive
annular generator
Grid feed: ENERCON inverter

- 3 independent pitch con-
trol systems with emer-
gency power supply

- Rotor brake

Yaw system: Active via yaw gear,
load-dependent damping
Cut-out wind speed 28 -34m/s
[with ENERCON storm
control*) Main carrier

Remote monitoring:  ENERCON SCADA [2] Yaw drive

[3] Annular generator
Hub adapter

[5] Rotor hub

[6] Rotor blade

* For more information on the ENERCON storm control feature,

please see the last page.




ENERCON product overview

The product portfolio comprises wind energy converters in the sub- to multi-megawatt classes.

WEC Rated Rotor Swept Hub height Rotational speed Cut-out Wind zone : Wind class
. power diameter area : wind speed (DIBt) - (IEC)
ENERCON E-44 900 kW 44 m 1,521 m? 45/55 m variable, 16 - 34.5 rpm 28 - 34 m/s = IEC/EN IA
ENERCON E-48 800 kW 48 m 1,810 m? 50/60/65/76m variable, 16 - 31.5 rpm 28 - 34 m/s WZ Il IEC/EN 1A
ENERCON E-53 800 kW 52.9 m 2,198 m?2 50/60/73m variable, 11 - 29.5 rpm 28 - 34 m/s WZ Il exp IEC/NVN Class S
ENERCON E-70 2,300 kW 71m 3,959 m?2 57/64/75/85/98/ 114 m variable, 6 - 21 rpm 28 - 34 m/s WZ I IEC/EN IA and IEC/EN IIA
ENERCON E-82 E2 2,000 kW 82m 5,281 m?2 78/84/85/98/108/138 m variable, 6 - 18 rpm 28 - 34 m/s WZ I IEC/EN 1A
ENERCON E-82 E2 2,300 kW 82 m 5,281 m2 78/84/85/98/108/138 m variable, 6 - 18 rpm 28 - 34 m/s WZ I IEC/EN 1A
ENERCON E-82 E4 2,350 kW 82m 5,281 m2 59/69/78/84m variable, 6 - 18 rpm 28 - 34 m/s = IEC/EN IA and IEC/EN IIA
ENERCON E-82 E4 3,000 kW 82m 5,281 m2 69/78/84m variable, 6 - 18 rpm 28 - 34 m/s = IEC/EN IA and IEC/EN IIA
ENERCON E-92 2,350 kW 92m 6,648 m?2 78/84/85/98/104/108/138 m variable, 5 - 16 rpm 28 - 34 m/s WZ I IEC/EN 1A
ENERCON E-101 3,050 kW 10T m 8,012 m? 99 /124 /135/ 149 m variable, 4 - 14.5 rpm 28 - 34 m/s WZ I IEC/EN 1A
ENERCON E-101 E2 3,500 kW 101 m 8,012 m2 74 m variable, 4 - 14.5 rpm 28 - 34 m/s WZ IV IEC/EN IA
ENERCON E-115 3,000 kW 115.7m 10,515.5 m?2 92/122/135/ 149 m variable, 4 - 12.8 rpm 28 - 34 m/s WZ I IEC/EN 1A
ENERCON E-126 EP4 4,200 kW 127 m 12,668 m? 135 m variable, 3 - 11.6 rpm 28 - 34 m/s WZ I IEC/EN 1A
ENERCON E-126 7,580 kW 127 m 12,668 m? 135 m variable, 5 - 12.1 rpm 28 - 34 m/s WZ Il IEC/EN IA




ENERCON product overview

=i

According to current standards, power curve meas-
urement parameters such as turbulence intensity are
not taken into consideration. The results are deviat-
ing measurements on the same type of wind turbine
at different locations. Again, when comparing yield
using power curve measurements from different
types of wind turbines, a clear picture cannot be ob-
tained unless all measurement parameters are taken
into consideration.

So in order to calculate power yield forecasts for its
wind turbines, ENERCON does not use power curve
measurements but rather calculated power curves.

More details
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These are based on the following:

—>  Experience gained from numerous power
curve measurements on various wind turbine
types taken by accredited institutes

Average turbulence intensity of 12%

Standard air density of 1,225 kg/m?®

Vil

Anemometer specifications according to IEC
61400-12-1

Thus, the power curves for ENERCON wind turbines
provide highly reliable and realistic calculations for
expected energy yield based on the wind conditions at
the respective site.

ENERCON wind energy converters run with a
special storm control feature. This slows the wind
turbine down so that it can continue to operate even
at high wind speeds. Numerous shutdowns which lead
to considerable losses in power output can thus be
avoided.

When storm control is activated, the rated speed is
linearly reduced starting at a predetermined wind
speed for each turbine type. Beginning at another
turbine-specific wind speed, the limitation of the
turbine s rated speed also reduces active power. The
turbine only shuts down at a wind speed of more than
34 m/s (10-minute average).

In comparison: when storm control is deactivated,
the wind turbine stops if the wind speed reaches a

3-minute average of 25 m/s or a 15-second average
of 30 m/s.

MIX

Paper from
responsible sources

Trademark note
ENERCON, Energy for the world, the ENERCON
logo and the green tower shades are registered
trademarks of ENERCON GmbH.

Ew%cocrg FSC® C004867
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Power curve without
ENERCON storm control

Power
>

i 1 >
Wind speed

Wind turbine shuts down at preset maximum wind
speed (V3).

V1 = Cut-in wind speed
V2 = Rated wind speed
V4 = Cut-in wind speed after deactivated storm control
V3 = Cut-out wind speed with deactivated storm control

Power curve with

ENERCON storm control

o
- — >
vioov2 V3 V4

Wind enand

Wind turbine reduces output starting at a deter-
mined wind speed (V3). A shutdown does not occur
until a predetermined maximum wind speed (V4)
is reached.

V1 = Cut-in wind speed

V2 = Rated wind speed

V3 = Beginning of power reduction

V4 = Cut-out wind speed with activated storm control
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