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Registrar Letter No. /8 7'/7’( Ve
National Electric Power Dated: 22 Dec 2014
Regulatory Authority (NEPRA)

NEPRA Tower Attaturk Avenue (East),
Sector G-5/1, Islamabad.

Subject: Application for the Licensee Propoesed Modification (1.LPM) of the Generation

License.

Sir,

It is submitted to the National Electric Power Regulatory Authority the attached application
- made pursuant to Section 26 of the Regulation of Gencration, Transmission and Distribution
of Electric Power Act 1997 (*Act”), read with regulation 10(2) of the National Electric Power
- Regulatory Authority Licensing (Application & Modification Procedure) Regulations, 1999
(“Regulations”), for a Licensee Proposed Modification of NBT Wind Power Generation
License No. WPGL./27/2014, dated 16th September, 2014,

A Bank Draft/Pay Order 0045969 dated 18-12-2014 for the sum of Rupees Six Hundred and
Ninety Thousand and Eighty (PKR 690,080/-) in favor of the National Electric Power
Regulatory Authority, being the applicable Licensee Proposed License Modification Fee for

- the subject project in accordance with the Rules, Regulation & policy of the Authority, is
appended.

We request the Authority to please consider our application for review and approval.

We are available to provide additional information and clarification of any mattgr raised in,
this latter and/or the Application.

Sayyed Ali Mustafa Gillani
Legal Counsel
NBT Wind Power Pakistan III (Pvt.) Limited
- y
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NBT Wind Power Pakistan 11 (Pvt) Limited.

Application for the modification of its Generation Licence No. WPGL/27/2014. Dated
16" September, 2014,

1. Text of the proposed modification,

The following is the proposed modification in the text of the Table given on page - 10 of Schedule |
Part (B) and (C).

(B). Wind Farm Capacity & Configuration

Wind Farm Capacity & Configuration

| Datato be deleted o Replaced with
(1) Wind Turbine Type, | General Electrie (G.15) 1.6 - - Gamesa G97
e o Make & Model o 82.5m
(1) Instalied Capacity
of Wind FFarm 249.6 MW 250 MW
(i) Number of Wind
Turbine Units/Size 156 x 1.60 MW 125x 2.0MW
e Obcach Unit(RW) |
(C). Wind Turbine Details
I Data to be deleted Replaced with
(l) o lell]]bCl' ()fpl;lxl(il;l'ﬁ‘ I 3 I 3
) Rotorspeed | 98— 187rpm © 9~19rpm
) (1) Rotor diameter | 825m ' 97m
TGv) | Sweptarea | 5346m2 e 7389.8m3
W) Power regulation (%]nbmgll&rollluf(,pvmh Pitch control and variable
angle adjustment, and




generator / converter torque speed.
control.
(vi) Cut-in wind speed 3Imls 3m/s
(vii) Cut-out wind speed 25 m/s 25m/s
(viii) Survival wind speed | 40 m/s, 3s average (40 /s, 37.5m/s(10min)
10min ave; 56 m/s, 3s ave)
(ix) Pitch regulation Lectric motor drives a ring Hydraulic
gear mounted to the inner
race of the blade pitch
bearing.
(b). Blades
(1) | Blade length 40.3 m (Gl has not yet 47.5m
defined what the blade
variant will be for this
project.)
© (i) | Material llbLlé]l\_\ polyglcr resin Glass fiber reinforced with
epoxy

(¢)-_Gearbox

Mutlti-stage planetary/helical
gear design

| stage planetary and
2parallel

1:106.8

(1) Type
(i) | Gear ratio -
TGl | Main shaft bearing

s
(iii)

(v)

(vi)

(). Generator

N
| Voltage

(iv)

Roller bearing mounted in a

pillow-block housing
arrangement.

2 spherical roller bearings

Power

Type
Enclosure class
Coupling

Power lactor

(¢). Yaw System

(i

(i)

COL600KW 2070k W
eV 690V
‘Doubly-ted induction type DRG0
PS4 - 1Ps4

I'lexible coupling

10.95 10-0.95

Yaw bearing,

Brake

Roller bearing

l"“i.aiinctzn.&/ )nw drives (with |

brakes that engage when the
drive is disabled)

Flexible coupling

-0.95~10.95

I'riction bearings

S Active brake




(i)

Yaw drive

4 planetary yaw drives

4x2.5Kw motors

(iv)

Speed

0.5 degree/s

0.42Degree/s ; | turn every
15 min

(f). Control System

(h). Tower

- Type

Hub heights

speed) shaft of gearbox

Tubular steel tower

$0m

(i) Type Automatic or manually PLC
controlled.

(11) Scope of monitoring | Remote monitoring of Wind speed data, pitch
different parameters, e.g. control, yaw control, internal
temperature sensors, pitch temperature control, remote
parameters, speed, generator | control
torque, wind speed and
dircction, ete.

(i) Recording Production data, event list, WG operation data
: long and short-term trends
(g). Brake
Gy Design ) Three ixi((cpcndcfﬁ .;ylellls, Acrodynamic brake and
fail safc (individual pitch) Mechanical brake
'(n) ' ()pumonil brake Acrodynamic brake achicved Acrodynamic brake
by feathering blades
i) Sccon—dur)f' brake Mechanical brake on (high Mechanical brake in l[l;;];—

speed shaft

Frunk-conical tubular

"~ 78m




2. Statement of reason in support of modification

NBT WIND POWER PAKISTAN LI (Pvt) Ltd (NBT ill) is submitting this Application in order to
cater to feasibility of the Project. Combined with NBT WIND POWER PAKISTAN [ (Pvt) Ltd
(NBT 1) the total amount of Wind Turbine Generators (WTG) to be delivered is of such a large
quantity, that NBT I fears that one single manufacturer would have constraints on delivering them
for both projeets in a manner that would enable both NBT 1 and NBT i1 to achieve Commercial
Operations Date within the timelines stipulated in NEPRAs Tarif!f” Determination. In order to achiceve
these timelines NB'T HI is requesting a change in the Generation License from GE 1.6 to Gamesa G97
WTGs

3. Statement on the Impact of the tariff, quality of service and Performance by the licensce of its

obligation under the license

‘There will be no impact on the tarift by reason of acceptance of this application. NBT WIND
POWER PAKISTAN HE(Pvt) Ltd was awarded the upfront tarift it’s 250MW project by NEPRA and
the licensee proposed modification has no direct impact, nor any indirect impact on the tariff.

There will be no impact on the quality of service cason of acceptatice of this application
I'here will be no impact on the quality of service byt 1ofa tal f this applicat

There will be a minor improvement in the performance of the wind farm by reason of this application
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RECORD OF CHANGES

Rev. Date Author |Description

0 11/01/12 | TGARCIA | Initial version

1 20/02/12 | TGARCIA |Foundations info added

2 27/06/12 | TGARCIA |Nacelle weights and LM blades dimensions updated

Compass Transworld Logistics, S.A.




Date: 27-06-12  Revision, 2.1

Page 2 de 17

Author: TGARCIA

\ COMPASS
TRANSWORID

Approved: IGONZALEZ

1 PURPOSE

During the logistics operation, GAMESA components (tower sections, foundation, nacelles, hubs and blades)
are assembled with a corresponding toolkit.

The purpose of this document is to define for hoist and transport process:
- Dimensions
- Weight
- Interfaces (hoisting & support zones)
2 SCOPE
The scope is for all componets GAMESA transported by CTL of G9X series.
3 DESCRIPTION

Below there are sketches of components assembled with transport toolkit including relevant information:

Comipass Transworld Logistics, S.A.
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3.1  NACELLE G9X + TRANSPORT RING

The Nacelle G8X is always assembled with transport ring (GP010273).

NOTE: For Lifting point infcrmatian read document: OPERATIONS NACELLES G8X

o

(o

o

Q—

! 1
10446
WEIGHT (kg)
NACELLE G8X CONFIGURATIONS Nacelle T.Ring

DIMENSIONS: 10446 x 3505 x 4060 mm FULL 71332,638 | 72832,638
R . . WITHOUT TRAFQO 65780,866 | 67280,866
188&?{ {’.V(éll)ghgalnssggignng. GP118264 / GP128152 (Hybrid) WITHOUT GENERATOR 64726,6%5 | 66226635
WITHOUT TRAFO & CONVERTER 63980,862 | 65480,862
WITHOUT TRAFO, CONVERTER & GENERATOR 57374,859 | 58874,859

Compass Transworld Logistics, S.A.
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3.2 NACELLE G9X + TRANSPORT RING + CATAMARANS

o
(o)
m
q—
=
= N S 1= == PEN i
El M coojooodooo e | l
| |
1221 4500 | 3674
e - ~
L 10446
T
WEIGHT (kg)
DIMENSIONS: 10446 x 3505 x 4360 mm NACELLE G8X CONFIGURATIONS Nacelle T.RM-!-Cat.
FULL 71332,638| 73652,638
TOOLKIT CODE ransporc ring: GP118264 / GP128152 (Hybrid) WITHOUT TRAFO 65780,866 | 68100,866
Catamaran: GP022319
e S WITHOUT GENERATOR 64726,635: 67046,635
TOOLKIT WEIGHT ;rac';f;’r?{atr!:g 81258(:( Kg WITHOUT TRAFO & CONVERTER 63980,862 | 66300,862
) E WITHOUT TRAFQ, CONVERTER & GENERATOR 57374,859| 59694,859

Compass Transworld Logistics, S.A.
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3.3 NACELLE G9X+ TRANSPORT RING+ CHINESE CATAMARANS

DIMENSIONS: 10446 x 3505 x 4360 mm

TOOLKIT CODE Transport ring: GP118264 / GP128152 (Hybrid)
TOOLKIT WEIGHT Transport ring: 1500 Kg
2 Catamarans; 1410 Kg

o
©
™
q—
WEIGHT (kg)
NACELLE G8X CONFIGURATIONS Nacelle | T.Ring+Chinese Cat
FULL 71332,638 74332,638
WITHOUT TRAFO 65780,866 68780,866
WITHOUT GENERATOR ) 64726,635 67726,635
WITHOUT TRAFO & CONVERTER 63980,862 66980,862
WITHOUT TRAFO, CONVERTER & GENERATOR 57374,859 60374,859

Compass Transworld Logistics, S.A.
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3.4 NACELLE G9X + TRANSPORT RING + TRANSPORT PLATFORM

F =

T o e

L 10534

DIMENSIONS: 10534 x 3505 x 4487 mm

TOOLKIT CODE Transport ring: GP118264 / GP128152 (Hybrid)
Transport platform: GP022319
TOOLKIT WEIGHT Transport ring: 1500 Kg
Transport platform: 10000 Kg

N~
0
#
7 M
f
— /
(N 5
ol O [] .ol
3505
WEIGHT (kg)

' NACELLE G8X CONFIGURATIONS

Nacelle | T.Ring+T.Platform

| FULL

71332,638 82832,638

| WITHOUT TRAFO 65780,866 77280,866
« WITHOUT GENERATOR 64726,635 76226,635
' WITHOUT TRAFO & CONVERTER 63980,862 75480,862
"WITHOUT TRAFO, CONVERTER & GENERATOR : 57374,859 68874,859

Compass Transworld Logistics, S.A.
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3.5 HIGH TEMPERATURE MODULE GSX
T e —
N G AR == =) FE——A
] I . - — Y
, i P :;E{I oo \,
oa] o B~ s———nl |5 {18 Al
< ey pe-——=—4 T
=L S e =
' ]
1l _[!
! 3674 |

DIMENSIONS: 4165 x 3674 x 1408 mm
WEIGHT: 1700 Kg

COMPONENT WEIGHT: 1000 Kg

TOOLKIT CODEL: GP102206
TOOLKIT WEIGHT: 700 Kg

STACKING DIMENSION:

1 ALTURA: 1408 mm

2 ALTURAS: 2716 mm
3 ALTURAS: 4024 mm
4 ALTURAS: 5332 mm

Compass Transworld Logistics, S.A.
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3.6

ROTOR G9X + TOOLKIT

3448

DIMENSIONS: 3983 x 3492 x 3448 mm
WEIGHT: 25850 Kg

COMPONENT WEIGHT: 24000 Kg
REFERENCE DOCUMENT: GD061947

TOOLKIT CODE: GP010359
Y TOOLKIT WEIGHT: 1850 Kg

3492

e

Compass Transworld Logistics, S.A.
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3.7 ROTOR G9X NOSE CONE

)
|
o :
N i
N ; DIMENSIONS: 2372 x 2372 x 1270 mm
/ : \ COMPONENT WEIGHT: 137 Kg
/ \ REFERENCE DOCUMENT: GD061955
- .‘
| !
|
| #2372 |

Compass Transworld Logistics, S.A.
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3.8 BLADEG97

| HOISTING & SUPPORT |
IONE :

11000
12300

31000

34000

47500

DIMENSIONS: 47500 x 3461 x 1880 mm

WEIGHT: 7200 Kg

COG: 12300 mm

HOISTING & SUPPORT ZONE 1 (from root): 0 — 1000 mm

HOISTING & SUPPORT ZONE 2 (from root): 31000 — 34000 mm

REFERENCE DOCUMENT: GP114538

Compass Transworld Logistics, S.A.
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3.9 BLADE G97 + TRANSPORT TOOLKIT

i — ] =

35665

47635

KOAD TRANSPORT MARITIME TRANSPORT
WITHOUT STACKING MODULE STACKING
; DIMENSIONS: 47650 x 3390 X 2550 mm
o0 O
< <t COMPONENT WEIGHT: 7200 Kg
w0 L0 TOOLKIT WEIGHT Root support: 800 Kg
[QV| QV . Tip support+clamp: 1600 Kg
' Stacking module: 550kg
2 5 0 O TOOLKIT CODE: GD112090
b .
WEIGHT: 9600 Kg WEIGHT: 10700 Kg

Compass Transworld Logistics, S.A.
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’ ? - S ‘
: S =
|
15722 |
36000 !
47600
T\x‘\‘\ /,/// - N
|; 2 -\;—\;‘\-\ /"}_\‘
o ‘ a2 4 E ! DIMENSIONS: 47600 x 2700 x 2930 mm
© " o/ T D WEIGHT: 8550 Kg
Ay ; o)
) i . & N COMPONENT WEIGHT: 8000 Kg
i
| - =
| , , TOOLKIT WEIGHT Root support: 220 Kg
| l O 3 Tip support: 330 Kg
i '
f |
! L 2178

Compass Transworld Logistics, S.A.
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3.11 PALA G97 GF + STORAGE & MARITIME TRANSPORT TOOLKIT

47800

Max. Stacking high 3 frames

a 1
{172 A
- WA 4
O <~ et INDIVIDUAL DIMENSIONS:3160 x 2880 x 47800 mm
X o ST WEIGHT: 10100 Kg
o ;
STACKING DIMENSIONS: 7754 x 8110 x 47800 mm
il COMPONENT WEIGHT: 8000 Kg
) 1 '
TOOLKIT WEIGHT Root suppart: 800 Kg
Tip support: 1300 Kg
Compass Transworld Logistics, S.A.
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3.12 TOWER SECTION

!
~ | 1
o o4
= .y
= =
= g
© 2
N
- 8
i . | .

LENGHT

Compass Transworld Logistics, S.A.
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[ G9X
SECTION 1
HEIGHT WIND CLASS TOWER | SECTION Asggns:w W (Kg) (m"m) ng. ng_
GBX T 128 AGUJEROS 50Hz 230V + G97 TX05C2015 | SX05C0001 | GP117889
GBX T 128 AGUIEROS 5011z 230V + G97 + HC TX05C2017 GP123036
G8X 1 128 AGUIEROS 50Hz 230V + G97 + HD TX05C2018 | SX0EC0001 | GP117889
G8X T 128 AGUJEROS 50Hz 230V + GI7 + HCAHD | TX05C2019 GP123036
GBX T 128 AGUJEROS 60Hz 120V + G97 TX06C2015 | SX06C0009 | GP122400
78.3M | GBX T 128 AGUIEROS 60Hz 120V + G97 + HC TX06C2017 GP123377 (33322) %ié%’; ‘(‘gg()) ?1‘;‘;
G8X T 128 AGUJEROS 60Hz 120V + G97 + HD TX06C2018 GP122395
G8X T 128 AGUJEROS 60Hz 120V + G97 + HC+HD | TX06C2019 GP123377
TOWER GOX S0HZ -309C>> +45 03 TO9X05C03 | SX05C0009 | GP157787
TOWER GOX 60HZ -309C> > +45 TO9X06C0S | SO9X06C00 | GP157786
TOWER GIX 60HZ -309C > > +45 TX06C2017 | SX06C0014 | GP123387
GOX T 148 AGUILROS 5011z 230V + G97 TX05C2016 | SX05C0007 | GP120976
GEX T 148 AGUIEROS 50112 230V + G97 + HC | TX05C2020 GP123463
GBX T 148 AGUIEROS 501z 230V + G97 + HD TX05C2021 GP120966
oom LGB 148 AGUIERUS 5011z 250V + GO + HCHID | TX05C2022 GP123463 | gasao | 15795 | 4270 | 3997
G8X T 148 AGUIERQOS 60tz 120V + G97 TX06C2016 | SX06C0001 | GP116819 | (0+2%) | (£50) | (£5) | (%2)
GBX T 148 AGUIEROS 601z 120V + GO7 + 11C TX06C2020 GP123524
GBX T 148 AGUIEROS GO0z 120V 4 GI7 + HD) TX06C2021 GP116650
G8X 1 148 AGUIEROS 60112 120V 4 G97 4 HCIHD | TX06C2022 GP123524
SECTION 2
HEIGHT WIND CLASS TOWER | SECTION AS‘S:(E)I\[‘;:LY W (Kg) (mLm) L0¢W. ng.
G8X 1 128 AGUIEROS 5011z 230V + G97 TX05C2015 | SX05C0002 | GP117890
G8X 1 128 AGUILROS 5011 230V + GO7 + 11C TX05C2017 GP123045
G8X 1 128 AGUIEROS 50112 230V 4 G97 + HD TXU5C2018 | SX05C0002 | GP117890
GOX T 128 AGUILROS 501z 230V + GO7 4 1CiHD | 1X05€2009 | | GP123045
GBX 1 128 AGUIFROS GOHlZ 120V + G97 | TX06C2015 | SX06C0203 | GP117203
78.3M _,(A’H)_(.I 128 AGUIEROS GOHz 120V + G97 + HC T™X06C2017 GP123378 (8312})/?,) iiz%? ?Zzg(; %3:3:)3
GBX 1 128 AGUILROS 6011z 120V + G97 + HD TX06C2018 GP116659
GX 1 128 AGUIEROS 6011z 120V + G/ + HIC1HD | TX06C2019 GP123378
FTOWER GUX SOHZ -30°C> > +45 03 TO9X05CA3 | SX05C0002 | GP117890
TOWER GIX 60112 -309C> > 145 TO9X06CO5 | SX06C0203 | GP117203
TOWER GIX 60HZ -300C> 445 TX06C2017 | SX06C0015 | GP123388
GBX 1 148 AGUILROS 5011z 230V + G9/ TX05C2016 | SX05C0008 | GP120977
GBX T 148 AGUIEROS 50112 230V 4 GO7 + HC TX05C2020 | | GP123464
GEXT 148 AGUIFROS 50112 230V + G97 + D | TX05C2021 | | GP120967
som | GBXCT 148 AGUIEROS 5011z 230 + GO7 + 11CHID_ | 1X05C2022 GP123464 | 51560 | 15610 | 3997 | 3766
G8X 1 148 AGUIEROS 60112 120V + GY7 TX06C2016 | SX06C0002 | GP117017 | (0+2%)) (£50) | (£2) | (£2)
G8X1 148 AGUJERQS 6011z 120V + G97 + HC TX06C2020 GP123528
TGEX T 148 AGUIEROS 60117 120V + GI7 + 1D TX06C2021 GP116653
GSX 1 148 AGUIEROS GOz 120V + GO7 4 HCHID | TX06C2022 GP123528

Compass Transworld Logistics, S.A.




N\ CONPASS
TRANSWORI D

Date: 27-06-12  Revision: 2.1
Page 16 de 17

I Author: TGARCIA
2| Approved: IGONZALEZ

SECTION 3
HEIGHT WIND CLASS TOWER | SECTION Asigggu W (Kg) (m"m) L:W. ng'
GBX T 128 AGUIEROS 50tz 230V + G97 TX05C2015 | SX05C0003 | GP117891
G8X T 128 AGUIEROS 50Hz 230V + G97 + HC TX05C2017 GP123052
GBX T 128 AGUIEROS 50Hz 230V + GO7 + HD TX05C2018 | SX05C0003 | GP117891
GBX T 128 AGUIEROS 50Hz 230V + G97 + HC+HD | TX05C2019 GP123052
GBX T 128 AGUIEROS 60Hz 120V + G97 TX06C2015 | SX06C0304 | GP117205
78.3M | GBX T 128 AGUJEROS 60Hz 120V + GO7 + HC TX06C2017 GP123381 (85’72902) fii%? fig %ig
G8X T 128 AGUJEROS 60z 120V + G97 + HD TX06C2018 GP116675
GBX T 128 AGUJEROS 60Hz 120V + G97 + HCAHHD | TX06C2019 GP123381
TOWER GOX 50HZ -300C>> +45 03 TO9X05C03 | SX05C0003 | GP117891
TOWER GIX GOHZ -309C>>+45 TO9X06C0S | SO9X06C02 | GP191412
TOWER G9X 60HZ -309C> > +45 TX06C2017 | SX06C0016 | GP123389
G8X T 148 AGUIEROS 50tz 230V + G97 TX0SC2016 | SX05C0007 { GP117890
GBX T 148 AGUJEROS 5011z 230V + G97 + 11C | ™05C2020 GP 123045
GBX T 148 AGUJEROS 50Hz 230V + G97 + HD | TXO5C2021 GP117876
G8X T 148 AGUJEROS 50tz 230V + G97 + HC+IID | TX05C2022 GP123045 | 63110 | 28500 | 3766 | 2923
90M GBX 1 148 AGUILROS 60Hz 120V + G97 TX06C2016 | SX06C0203 | GP117203 | (0+2%) | (£50) | (£2) | (£2)
G8X 1 148 AGUIEROS GOz 120V 4 GI7 + 1T TX06C2020 GP123378
GBX T 148 AGUIFROS 6011e 120V + GO7 + 1D | TX06C2021 | | GP116659
GBX T 148 AGUIEROS 6014z 120V + GI7 + HCHHD | TX06C2022 GP123378
SECTION 4
HEIGHT WIND CLASS TOWER | SECTION Asggggw W (Kg) (mLm) L0¢W. ugp.
GBX 1 118 AGUIERQS 50Hz 230V + G9/ TX05C2016 | SX05C0003 | GP117891
G8X 1 148 AGUIEROS 50Hz 230V + G97 + HC TX05C2020 GP123052
G8X T 148 AGUILROS 50Hz 230V + GI7 + HD TX05C2021 GP117877
90M GBX T 148 AGUIERQS 5011z 230V + G97 + HCHID | TX05C2022 GP123052 | 39790 | 28500 | 2923 | 2322
G8X T 148 AGUJERQS 60tz 120V + GY7 TX06C2016 | SX06C0304 | GP117205 | (0+2%) | (£50) | (22) | (£2)
G8X T 148 AGUIEROS 60Hz 120V + G97 + HC TX06C2020 GP123381
G8X 1 148 AGUIFROS 60tz 120V + GI7 + 11D TX06C2021 GP116675
GBX T 148 AGUIERUS GOHz 120V + GY7 + HC+HD | TX06C2022 GP123381

*NOTES: These dimensions are without transportation toolkits. These increase 400mm the length (per
toolkit) and 70mm in height.

Reference document: GD065413 R1

Compass Transworld Logistics, S.A.
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Certification Report No.: 1B0800/11
Measurement of power curve on a Gamesa G97-2.0 MW
at P.E. Las Balsas — Sierra de Alaiz I+D

Wind Turbine:

TYPE! woiii e G97-2.0 MW, 50 Hz Order number: ... 622 11 0381 252
Manufacturer: ..o Gamesa Rotor diameter: ... 97 m
Hub height (including foundation): ................... 78 m Rotor speed range: ... 9.831-17.790 rpm
Rated POWET: ..o 2000 kW Generator speed range: ... 1680/1050-1900 rpm
Rated wind speed: ... 10.6 m/s Blade angle: ... Variable
Measurements:

The measurements were carried out according to IEC 61400-12-1 "Wind turbines - Part 12-1: Power performance
measurements of electricity producing wind turbines”

Deviations or restriction to 1EC 61400-12-1:
The provision of the sensors in the meteorolagical mast has not been done by WINTEST but by accredited
laboratory CENER.
The site calibration was not performed by WINDTEST but by accredited laboratory CENER (report:
821.45078SCR).
Following facts have not been measured by WINDTEST but delivered by the manufacturer: the swept area of the
rotor, the hub height, the serial number of the turbine.
The electric grid conditions are not documented in the final report.

Scope of measurements:

— period: 2011-10-18 to 2011-12-22, site calibration: 2009-12-30 to 2010-06-02.
evaluated wind direction scctor: [ 3256° - 257 .
wind speed measurements were carried out with an anemometer at hub height (78.6 m).
accuracy of anemometer calibration: 0.1 m/s (Vu( tor-A100LK- PL,B)
wind speed normalised to reference air density p = 1.225 kg/m? (accuracy: +0 259%).
accuracy of the power transducers: 20.5% related to a range of 3585.35 kW,

The complete procedure is documented in the report no. 1B0788/11.

Power cuve ace ordmg to IEC: Gamesa G97- 2 oMW
Reference air density p; =1.225 ky/m’
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MEASURED POWER CURVE: Gamesa (G97-2.0 MW
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1 DESCRIPTION OF GAMESA-2.0 MW WIND TURBINES (MODELS G80-2.0 MW,
G87-2.0 MW AND G90-2.0 MW)

Q8X-000-31 00-00-12002-A-00-3

Position | Name
h Hub height

d Rotor diameter

Figure 1: Complete wind turbine

Wind turbines of the Gamesa-2.0 MW platform (models G80-2.0 MW, G87-2.0 MW and G90-2.0 MW)
are of the three-bladed wind-facing rotor type and produce a rated power of 2 MW.

The platform consists of 3 wind turbine models with rotor diameters of 80n 87n and 90m (Position d in
Figure 1) and hub heights of 60m, 67m, 78m and 100m (Position h in Figure 1), with the remaining
mechanical, electrical and control components being common to all models. The various models are
designed to operate in different wind conditions.

The platform's wind turbines are regulated by an independent pitch control system in each blade and have
an active yaw system. The control system allows the wind turbine to be operated at variable speed,
maximizing the power produced at all times and minimizing the loads and noise.

A general description is given below of the main components of the Gamesa 2.0 MW platform wind
turbines (models G80-2.0 MW, G87-2.0 MW and G90-2.0 MW).

psPTEC 012 L0y
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1.1 NACELLE DESCRIPTION

Position

Name

Cover

Frame

Main shaft

Gearbox

Yaw system

Mechanical brake

Hydraulic unit

Generator

Wit i Nl iwling |-

Transformier

—
o

Electrical cabinets

QBX-000-32:00-00-12002-A-00-3

Figure 2: Main components of the nacelle

111 Cover

The cover protects the wind turbine components within the nacelle from exposure to meteorological events
and external environmental conditions. 1t is made of composite resin and reinforced with fiberglass.

Within the cover there is sufficient space in order to carry out wind turbine maintenance operations.

The cover has three hatchways:

» Hatchway giving access to the nacelle from the tower, located on the nacelle floor.

« Hatchway giving access to the interior of the cone/hub, located in the front.

+ Crane operating hatchway, located on the floor of the rear section.

POP-TEC 012t D
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There are two skylights on the roof allowing sunlight to enter during the day and providing additional
ventilation and access to the exterior, where the wind measuring instruments and the lightning rod are located.

The revolving parts are duly protected to guarantee the safety of maintenance personnel.

The nacelle is equipped with an 800 kg service crane inside.

1.1.2 Frame

The frame of the Gamesa-2.0 MW platform (models G8C-2.0 MW, G87-2.0 MW and G90-2.0 MW) has
been designed using the criteria of mechanical simplicity along with the appropriate robustness to be able to
support the elements of the nacelle and transmit the loads to the tower. These loads are transmitted via the
yaw system bearing.

The frame is divided into two parts:

+ Front frame: cast iron bedplate to which the main shaft supports are fastened, where the gearbox
torque arms and the yaw ring react.

» Rear frame: mechanically-welded structure formed by two beams joined at the front and the back.

The frame is subjected to exhaustive ageing tests at the frame test bench, Gamesa UPB, belonging to
Gamesa. These tests mainly involve extreme load and fatigue cycles which reproduce, in an accelerated
manner, the stresses and forces to which the frame wili be subjected throughout its lifetime. This
guarantees and improves the reliability of the component, validating its correct design. In addition, the test
results are used for feedback and to correlate the simulation models of the frames developed by Gamesa,
guaranteeing continuous improvement and greater precision of the designs.

1.13 Main shaft

The motor torque produced by the wind on the rotor is transmitted to the gearbox through the main shaft.
The shaft is attached to the hub with a screwed-on flange and is supported on 2 bearings housed in cast-
iron supports. The connection to the low speed input on the gearbox is made with a conical tightening collar
that transmits the torque by friction.

The shaft is made from forged steel and has a longitudinal central opening to house the hydraulic hoses and
control cables for the pitch control system.

The support of the main shaft on 2 bearings offers significant structural advantages. Al the stress from the
rotor is transmitted to the front frame, except for the torque, which is used downstream in the generator to
produce electric power. This guarantees that the gearbox only transmits this torque and that the bending,
axial and shear stress goes directly to the bed plate. In addition, the system makes maintenance easier, as
the gearbox can be removed without having to dismount the main shaft or the rotor.

114 Gearbox

This transmits the main shaft's power to the generator. The gearbox consists of 3 combined stages, a
planetary gear and two parallel shaft gears. The gearbox's cogs are designed for maximum efficiency and
low noise and vibration levels. As a result of the gear ratio, part of the input torque is absorbed by the
reaction arms. These reaction arms fix the gearbox to the frame by means of shock absorbers which
minimize vibration transmission. The high-speed shaft is linked to the generator via a flexible coupling with
torque limiter that prevents excess loads to the transmission chain.

Due to the modular design of the drive train, the gearbox weight is supported by the main shaft, while the
gear tie rods react only to the torque, preventing the gearbox from rotating and ensuring the absence of
unwanted loads.

The gearbox has a main lubrication system with a filtering system associated with the high-speed shaft.
There is a secondary electrical filter which permits the cleaning of the oil to 3 um, thus reducing the
potential number of breakdowns, together with a third extra cooling circuit.

POR-THC 012 L
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The gearbox's various components and operating parameters are monitored by different sensors, of both the
control system and the Gamesa PMS predictive maintenance system.

All the gearboxes are subjected to load tests at rated power during their manufacture. These tests reduce
the probabilities of failure during operation and guarantee product quality.

1.15 Gamesa Active Yaw system

The Gamesa Active Yaw system enables the nacelle to rotate around the axis of the tower. This is an active
system and has four yaw gears electrically operated by the wind turbine control system according to the
information received from the anemometers and wind vanes mounted on the upper section of the nacelle. The
yaw system motors turn the gears of the yaw system, which engage with the cogs of the yaw ring mounted in
the upper part of the tower, producing the relative rotation between the nacelle and the tower.

A friction bearing is used to obtain an adequate retention torque in order to control yaw rotation.
In addition, the hydraulic brake, consisting of 5 active clamps, provides a greater retention torque to fix the
wind turbine. The combined action of these 2 systems prevents fatigue and possible damage to the gears,
thus ensuring stable and controlled yaw.

The ring is divided into 6 sectors to make it easier to repair possible damage to the teeth.

As with the frame, the Gamesa Active Yaw system is subjected to accelerated life cycle and ageing tests
at the Gamesa UPB test bench. These tests consist mainly in orientation cycles with operating loads
compressing the length of the durability or ageing tests in order to simulate the yaw system's service life.
These tests guarantee and improve the reliability of the component, vaiidating its correct design and
providing feedback to the virtual models for subsequent redesign and improvements.

1.1.6 Brake system

The wind turbine primary brake is aerodynamic through the full-feathering blades. As the pitch control
system is independent for each of the blades, it has a safety system with triple redundancy.

The mechanical brake consists of a hydraulically activated disc brake, which is mounted on the high-speed
shaft of the gearbox. This mechanical brake is only used as a parking brake or if the emergency button is
applied.

1.1.7  Hydraulic system

The hydraulic system supplies pressurized oil to the 3 independent pitch control actuators, the high-speed
shaft mechanical brake and the yaw system brake system. It includes a fail-safe system which guarantees
the required oil pressure and flow levels in the event of absence of current to activate the blade pitch control
cylinders, the disc brake and the yaw system brake, switching the wind turbine to safe mode.

1.1.8  Generator

The generator is an asynchronous double-feed unit with 4 poles, coil rotor and slip rings. It is highly efficient
and is cooled by an air-air exchanger. The control system permits operation at variable speeds using the
rotor intensity frequency control.

The characteristics and functions introduced by this generator are:
» Synchronous behavior toward the grid.

» Optimal operation at any wind speed, maximizing production and minimizing loads and noise, thanks
to variable speed operation.

» Control of active and reactive power via control of amplitude and rotor current phase.
« Smooth connection and disconnection from the electrical gric.

The generator is protected against short-circuits and overloads. The temperature is monitored continuously
via probes at points on the stator, bearings and the slip ring box.
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1.1.9 Transformer

The transformer is three-phase, dry encapsulated, with different output voitage options between 6.6 kV and
35 kv, different apparent power ranges and is particularly designed for wind energy applications. It is
located in the rear section of the nacelle in a compartment separated by a metei wall which provides thermal
and electrical insulation from the rest of the nacelle components.

As it is a dry type unit, the risk of fire is minimized. In addition, the transformer includes all the necessary
protections against damage, including arc detectors and protection fuses.

The transformer's location in the nacelle prevents electrical losses thanks to the reduced length of the
low-voltage cables, and also reduces visual impact.

1.1.10 Electrical cabinets for control and power
The electrical system's hardware is distributed into three cabinets:
1. TOP electrical cabinet located in the nacelle. In turn, this electrical cabinet is divided into three parts:

» Control section: responsible for governing the nacelle, e.g., moritoring wind, changing pitch
angle, yaw, interior temperature control, etc.

» Frequency converter: this is responsible for controlling the power and managing the connection
and disconnection of the generator to/from the grid.

» Protections and busbar section: the output of the power produced, with the necessary electrical
safeguards, is located here.

2. GROUND electrical cabinet located at the tower’s base. From the GROUND electrical cabinet's touch
screen it is possible to check the wind turbine's operating parameters, stop and start the wind turbine,
test the various subsystems, etc. A touch screen can also be connected to the TOP electrical cabinet in
order to perform these tasks.

3. HUB electrical cabinet located in the revolving part of the wind turbine. Primarily responsible for
activating the pitch control system cylinders.
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PS*TLE 012 LD




i Code: GDOO5900-en Rev: 11
'r‘";")'?»} GENERAL CHARACTERISTICS MANUAL

A Date: 11/07/2013 Page 9 of 24
Title: Characteristics and general description of the Gamesa 2.0 MW wind turbine platform
1.2 ROTOR

The rotor of the Gamesa-2.0 MW platform wind turbines (models G80-2.0 MW, G87-2.0 MW and
G90-2.0 MW) consists of three blades joined to a hub by blade bearings. The hub has a conical angle of 2°

in the flanges attaching it to the blades, which keeps the tips of the blades away from the tower.

The rotor diameters of the different models in the platform are 80m, 87m and 90m,

1'\~

JP

| \é@ =

Position

Name

Blade

Pitch control system

Hub

Cone

Blade bearing

1
2
3
4
5
6

Electrical cabinet

7

Lightning
transmission system

Figure 4: Complete wind turbine

1.2.1 Blades

GBX-000-03-00-00-12003-A-00-3

The wind turbine blades of the Gamesa-2.0 MW platform (models G80-2.0 MW, G87-2.0 MW and
G90-2.0 MW) are manufactured in an organic matrix composite material and reinforced with fiberglass or
carbon fiber, which provides the necessary stiffness without increasing blade weight. Different blade models
are available, manufactured solely with fiberglass or carbon fiber, or a combination of both.

The blades have pitch control along the whole length of the blade, thus maximizing energy production and

reducing loads and noise emissions.
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Blade lengths are 39m (G80-2.0 MW), 42.5m (G87-2.0 MW) and 44m (GS90-2.0 MW). The distance from
the blade root to the hub center is 1min all cases.

The structure of each blade consists of two shells attached to a structural beam or internal rails. The blade
is designed to fulfill two basic functions: structural and aerodynamic.

In addition, the blade is designed taking into account both the manufacturing method used and the
materials chosen, in order to ensure the necessary safety margins.

The blades have a protection system against lightning which serves to conduct the ray from the receptor
to the blade root where it is transmitted to the turbine to be discharged into the ground.

Additionally, the blades come with the necessary drains to prevent internal water retention, which can cause
imbalance or structural damage due to water vaporization upon the impact of lightning.

1.2.2  Blade bearing
The blade bearings are the interface between the blade and the hub and permit the pitch control movement.,

The blade is attached to the inner race of the blade bearing by tensioned bolts to facilitate inspection and
removal.

1.2.3 Hub

The hub is manufactured in nodular cast iron. It is attached to the outer race of the three blade bearings
and to the main shaft with bolted joints. It has an opening at the front to permit access to the interior for
inspection and maintenance of the pitch control system’s hydraulics and the tightening torque of the blades’
bolts.

1.24 Cone

The cone protects the hub and the blade bearings from the atmosphere. The cone is bolted to the front
of the hub and is designed to allow access to the hub for maintenance tasks.

1.2.5  Pitch control hydraulic system

This consists of independent hydraulic actuators for each blade that provide a rotation capacity of between —
5% and 87° and & system of accumulators which ensure feathering in the event of an emergency.

The pitch control system acts according to the following setting:

e When the wind speed in less than rated, a pitch angle is selected that maximizes the electrical
power obtained for each wind speed.

»  When the wind speed is higher than nominal, the pitch angle is the one that provides the turbine's
rated power.

In addition, it controls the activation of the aerodynamic brake in the event of an emergency, switching the
wind turbine to a safe mode.

The hydraulic system acts more quickly than other systems. Due to the hydraulic accumulator system, it
does not require batteries to operate, thus increasing its reliability in an emergency.
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1.3 TOWER AND FOUNDATION

1.3.1 Tower

The wind turbine tower is made of tubular steel, in a truncated conical shape, divided into three, four or five
sections, depending on the tower height. It is supplied with the corresponding platforms, ladders and
emergency lighting.

Gamesa offers a cable guided elevator as standard to make maintenance of the wind turbine easier.

Gamesa offers a seismic tower of 78m and four sections for special sites.

1.3.2 Foundation

The standard foundatiors are of the slab type, made of concrete reinforced with steel. They have been .
designed using calculations based on the certified loads of the wind turbine and considering standard

ground.

Where the hypothetical values used vary, the established standard values are useless and the foundations
must be recalculated. Therefore, for each site, the ground characteristics and wind data should be reviewed
in order to ensure that the most suitable foundation is selected.

1.4 CONTROL SYSTEM

The wind turbine functions are controlled in real time by a PLC-based system (Programable Logic Controller).
The control system is made up of control and monitoring algorithms.

A) Control system

The control system selects the correct values for the rotor rotation, the blade pitch angle and the power
settings. These are modified at all times depending on the wind speed reaching the turbine, thus
guaranteeing safe and reliable operating in all wind conditions.

The main advantages of the wind turbine control system for the Gamesa-2.0 MW platform (models
G80-2.0 MW, G87-2.0 MW and G90-2.0 MW) are:

1. Maximization of energy production
2. Limitation of mechanical loads
3. Aerodynamic noise reduction
4. High energy quality
A-1) Pitch control adjustment

At wind speeds above the nominal speed, the control system and pitch contrel system keep the power at its
rated value. At wind speeds below the rated speed, the variable pitch control system and the control system
optimize energy production by selecting the optimum combination of rotor rotation speed and pitch angle.

A-2) Power control

The power control system ensures that the wind turbine's rotation speed and motor torque alweys supply
stable electric power to the grid.

The power control system acts on a set of electrical systems consisting of a doubly-fed generator with
wound rotor and slip rings, a 4-quadrant 1GBT-based converter, contactors and electrical safeguards and
software. Electrically, the generator-converter unit is equivalent to a synchronous generator and therefore it
ensures optimum coupling to the electrical grid with smooth connection and disconnection processes.

The generator-converter unit is capable of working at variable speeds to optimize operation and to maximize
the power generated for each wind speed. In addition, it makes it possible to manage the reactive power
evacuated in collaboration with the Gamesa Windnet® remote contro! system.
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B) Menitoring system
The monitoring system continuously checks the state of the different sensors and internal parameters:

« Environmental conditions: wind speed and direction or ambient temperature.

» Internal parameters of the various components, such as temperatures, oil levels and pressures,
vibrations, mid-voltage cable winding, etc.

e Rotor state: rotation speed and pitch control position.

» Grid situation: active and reactive energy generation, voltage, currents and frequency.

1.5 GAMESA PMS PREDICTIVE MAINTENANCE SYSTEM

Wind turbines of the Gamesa-2.0 MW platform (medels G80-2.0 MW, G87-2.0 MW and G90-2.0 MW)
include the Gamesa PMS predictive maintenance system developed by Gamesa, based on the analysis of
vibrations and optimized for use in wind turbines. The system can simultanecusly manage and process the
information from up to 8 accelerometers, which are located at strategic points on the turbine, such as the
gearbox, the generator and the main shaft's front bearings.

The main characteristics of the Gamesa PMS are as follows:
» Continuous monitoring of the wind turbine's critical components
« Signal processing and alarm detection capability
+ Integrated with the PLC and Gamesa WindNet® wind farm grids
» FEasy maintenance
» low cost

In general, the main purpose of a predictive maintenance system is the early detection of faults or wear in
the main components of the wind turbine. The following are some of the important benefits of installing a
system of this type:

« Reduction in major corrective actions required

» Protection of other wind turbine components

« Improvements in the wind turbine's useful life and operation

» Reduction in dedicated maintenance resources

e Access to markets with strict regulations, such as the Germanischer Lioyds certification

= Reduction in insurance company rates

1.6 GAMESA WINDNET® INTEGRATED MANAGEMENT SYSTEM FOR WIND FARMS

Wind turbines of the Gamesa-2.0 MW platform (models G80-2.0 MW, G87-2.0 MW and G90-2.0 MW)
integrate into the Gamesa WindNet® supervisory, control and data acquisition system (SCADA),
which allows the wind farm information to be accessed easily and intuitively through a browser.

The Gamesa WindNet® system is easy to configure and adapt to any wind farm layout, including those
with a wide variety of wind turbine models. It can quickly and reliably link up any wind farm topology based
on Ethernet network technology. It can also integrate wind farm installations such as electrical substations,
reactive power equipment, capacitor banks, etc.

The Gamesa WindNet® system supports a wide variety of communications protocols used in wind farm
systems, such as OPC DA, MODBUS and DNP3. Communication with Gamesa wind turbines is based on a
robust and efficient proprietary protocol.
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With this tool, the user can perform the following tasks at any time:

Track and monitor the wind farm’s equipment.

Be informed about the energy production of each wind turbine in the wind farm.

Monitor the alarms for the different elements of the wind farm in rea! time and display the alarm log.
Send direct orders to the wind turbines (start, pause or switch to emergency mode) and substation.

Analyze the evolution of variables over time in a simple manner, thanks to the trend history graphs:
Gamesa Trend Viewer.

Create production and avallability reports: Gamesa Report Generator.
Send status messages and alarms to a cell phone using SMS text messaging.
Integrate the reactive power compensation equipment (STATCOM and SVC).
Manage predictive maintenance with the integration of Gamesa PMS.

Manage different user profiles, thus maintaining security and simplifying at the same time the
application's daily use.

The user interface has been designed using accessibility, user-friendly and simplicity criteria. The information
is displayed in graph form. There is also Web access to up-to-date information through any device with a
browser and Internet connection.

The Gamesa WindNet® system offers different user, administrator, configuration, developer and
maintenance profiles for access to the specific functions and information required for each user type, thus
increasing security and simplifying the daily use of the application.

Optionally, a series of modules are available to add advanced functions to the Gamesa WindNet® system:

Active power limitation module.
Generated reactive power control module.
Frequency regulation module.

Generation of customized reports with Gamesa Information Manager, through the categorization
of energy losses,

Wake control module.
Noise control module: Gamesa NRS?.
Shade control module.

Ice contro! module.
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Figure 5: Example of a WindNet® screen accessed via the Web

1.7 SENSORS

Wind turbines of the Gamesa-2.0 MW platform (models G80-2.0 MW, G87-2.0 MW and G920-2.0 MW)
are equipped with several sensors that continuously monitor different parameters. It has sensors that
capture signals external to the wind turbine, for example, the outside temperature or the wind speed and
direction. Other sensors record turbine operating parameters such as component temperatures, pressure
levels, vibrations or blade position.

All of this information is recorded and analyzed in real time and fed into the monitoring and control functions
of the control system.

1.8 LIGHTNING PROTECTION SYSTEM

Wind turbines of the Gamesa-2.0 MW platform (models G80-2.0 MW, G87-2.0 MW and G90-2.0 MW)
are protected against lightning by a transmission system that runs from the blade and nacelle receptors
through the cover, frame and tower to the foundation. This system prevents the passage of lightning
through components which are sensitive to these discharges. The electrical system also has additional
overvoltage protection,

All these protection systems are designed to obtain a maximum protection level Class I in accordance with
standard 1EC 62305. IEC 61400-24 and 1EC61024 are considered reference standards.
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2 GRID CONNECTION AND SITE

2.1 GRID CONNECTION

All models of the Gamesa-2.0 MW platform (models G8C-2.0 MW, G87-2.0 MW and G90-2.0 MW) are
available in versions capable of operating in 50Hz and 60Hz grids.

The wind turbine's transformer must be suitable for the grid's voltage. The voltage of the low-voltage grid
must lie within the £ 10% range and the grid frequency must lie within the + 3 Hz range in both 50 Hz and
60 Hz grids.

The grounding system included in the civil engineering project has two concentric rings with a global
impedance according to the requirements established in IEC 62305. The pass-through and contact currents
must comply with standards IEC 60478-1 and IEC 61936-1. Local regulaticns shall take precedence where
these are more restrictlve than the above international standards.

The grid voltage specifled for Gamesa-2.0 MW wind turbines (models G89-2.0 MW, G87-2.0 MW and
G90-2.0 MW) is defined in section 4.6 of this document.

The power factor of all Gamesa-2.0MW models is between 0.95 capacitive and 0.95 inductive in the entire
power range under the following conditions: £ 5% rated voltage for the corresponding temperature interval,
as long as the transformer’s apparent power is greater than 2,350 kVA. See special conditions for other
transformer models.

2.2 ENVIRONMENTAL CONDITIONS

Standard version wind turbines of the Gamesa-2.0 MW platform (models G80-2.0 MW, G87-2.0 MW
and G90-2.0 MW) are designed to operate at external ambient temiperatures between -20°C and +30°C.
Turbine versions exist capable of withstanding more extreme ambient temperatures.

Wind turbines of the Gamesa-2.0 MW platform (models G80-2.0 MW, G87-2.0 MW and G90-2.0 MW)
are capable of operating continuously at ambient relative humidity of 95%, and are also capable of
operating in conditions of 100% relative humidity for periods under 10% of operating time.

The degree of anti-corrosion protection of the various components of Gamesa-2.0 MW wind turbines
(models G80-2.0 MW, G87-2.0 MW and G90-2.0 MW) is, in accordance with standard I1SO 12944-2,
shown in the following table:

COMPONENTS EXTERNAL INTERIOR
Tower C5-I/H C3/H
Nacelle-Rotor Ca/H or C5/H {1} | C2/H or C3/H {1]

Table 1. Degrees of protection against corrosion

[1] According to components.

Gamesa has product versions designed specially for corrosive environments.

2.3 WIND CONDITIONS

The annual wind distribution for a site is normally specified by a Weibull distribution. This distribution is
described by the scale factor A and the form factor k. The A factor is proportional to the average wind
speed, and the k factor defines the form of the distribution for different wind speeds. Turbulence intensity is
the parameter that quantifies the instant variations in wind speed.
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The design conditions of the Gamesa-2.0 MW platform (models G80-2.0 MW, G87-2.0 MW and
G90-2.0 MW) according to these parameters are indicated below:

Standard IEC DIBt

Class IA | TIA | 1A wz 11 W2z 111

Hub height (m) 60 67 78 100 60 67 78
Average annual wind speed 10 | 85 | 75 | 59 | 6/67 |6269|6472| 83 | 84 | 86
(m/s) [1]

Turbulence intensity I;5 (%) 16 20 20/ 18/ 18 20
Reference 10-minute wind 50 | 425 | 375 | 368 | 374 | 383 | 399 | 426 | 434 | 445
speed in 50 years (m/s)

Extreme wind speed in

50 years over a 3-second 70 | 595 | 525 | 482 | 488 | 495 | si 558 | 565 | 57.4
average (m/s) [2]

Weibull Factor (K) (2]

Table 2. Design parameters. All speeds are referred to at hub height

1] G87-2.0 MW and G90-2.0 MW wind turbines are in accordance with the DIBt March 2004 edition {average annu il wind speed
(m/s) 6.7 (height 67 m), 6.9 (height 78 m) and 7.2 (height 100 m)].March 2004 [average annual wind speed (im/3) 6.7 (height
67m), 6.9 (height 78m) and 7.2 (height 100m})].

[2] In the case of the DIBt March 2004 edition, the speed over 50 years is specified as @ 3 second average.March 2004,
the specd over 50 years is specified as a 3 second average.

2.4 VERIFICATION OF SITE CONDITIONS

As a general rule, the wind turbine should be installed in wind farms with a minimum distance of 5 rotor
diameters between wind turbines facing the prevailing wind direction. If the wind turbines are located in
rows, perpendicular to the direction of the prevailing wind, the distance between turbines should be a
minimum of 2 rotor diameters. These criteria are subject to modification in certain conditions following a
specific technical study for each case.

The wind turbines may be placed under different and varied weather conditions where the air density,
turbulence intensity, average wind speed and the k form parameter are the main parameters to be
considered. If the turbulence intensity is high, the fatigue loads on the wind turbine increase and turbine life
decreases. On the other hand, the loads decrease and the turbine fife increases if the average wind speed or
turbulence intensity or both are low. Therefore, wind turbines may be placed on sites with high turbulence
intensity if the average wind speed is fairly low.

Turbulence intensity (I) is the quotient of the standard deviation of the wind speed from the average
measured or estimated speed (See IEC 61400-13). Turbulence irtensity I15 is used as a characteristic value
for the 10-minute average wind speed of 15m/s.

On complex ground, the wind conditions are checked on the basis of measurements taken on site. In
addition, the effect of the topography on the wind speed and shear, the turbulence intensity and the wind
flow inclination on each wind turbine should be considered.
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The supply of the required data is necessary in order to assess the main characteristics of the site:
« Ambient conditions of temperature, density, salinity, dust and/or sand concentration, etc.

e Wind measured on the site, as well as the topographic plans and the layout of the wind turbines at a
scale that will enable the site characteristics to be assessed.

» Grid voltage and frequency and service voltage.

e Any other information required by Gamesa for the correct definition of the wind turbine to be
installed.

3 CERTIFICATES
Gamesa has certified the following wind turbine models:

Standard IEC [1}] DIBt [2)

Class IA ITA 11 A WZ 11 Wz 111

Hub height (m) | 60 |67 | 78 1 60 | 67 | 78 | 100 {67 | 781100 60 | 67 | 78 | 100| 60 | 67 | 78

G80-2.0 MW Vivivivivivivy
G87-2.0 MW VI vV vVivv
G90-2.0 MW VI IvIVv YV vV Iiviv

Table 3. Product certifications table

(1] Certificate in accordance with standard 1EC 61400-1 Ed. 2 and with the regulations of Germanischer Lioyd (GL Wind) 2003
Ed., 2004 supplement

[2] For the GB7/G90s in accordance with the standard DIBt March 2004 Ed. and with the requlations of Germanischer Lloyd
(GL Wind) 2003 Ed., 2004 supplement.

4 OPTIONS

4.1 EXTREME ENVIRONMENTAL CONDITIONS

Gamesa offers product versions specially designed for extreme temperature, dust and/or corrosion
environmental conditions.

4.2 VOLTAGE DROPS

Wind turbines of the Gamesa-2.0 MW platform (models G80-2.0 MW, G87-2.0 MW and G90-2.0 MW)
are capable of staying connected to the grid during voltage drops, thus contributing to guaranteeing power
quality and supply continuity.

The wind turbines can optionally be equipped with Gamesa Brake Chopper, a device that is capable of
withstanding more extreme drops and contributing to injecting reactive power as required by certain grid
codes.

The Gamesa-2.0 MW platform wind turbines (models G80-2.0 MW, G87-2.0 MW and G90-2.0 MW)

have certificates issued by official institutes on compliance with voltage drops according to P.0.12.3 of REE
and EON2003.
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4.3 LOW-NOISE VERSIONS

wind turbines of the Gamesa-2.0 MW platform (models G808-2.0 MW, G87-2.0 MW and G90-2.0 MW)
have different control versions to minimize noise emissions. The application of these versions may involve
a modification to the power curve,

These noise-control versions are managed by the Gamesa NRS® system, which ensures optimization
of production by maintaining previously programmed noise levels in accordance with local legistation.

4.4 BEACONS

As an option, Gamesa offers the inclusion of luminous beacon systems in accordance with the corresponding
air traffic legislation and regulations. This is supplied exclusively by Gamesa.

These beacons may be powered by a UPS module, defined in accordance with client requirements,
In addition, there is an option to include a flashing synchronization model.
4,5 MID-VOLTAGE SWITCHGEAR

Gamesa offers to supply the wind turbine connection unit to the mid-voltage electrical grid as an option.
The mid-voltage wiring connection to the mid-voltage switchgear is at the bottom of the tower. Gamesa
recommends a circuit breaker switch (not a breaker box).

Gamesa requires the necessary information to correctly define the switchgear unit. Where the client supplies
the mid-voltage switchgear unit, this must comply with Gamesa's technical specifications for the rating and
other aspects which may affect the wind turbine,

4.6 GRID VOLTAGE

Gamesa has various transformer options designed to be connected to S0Hz and 60Hz grids at different grid
voltage levels in the range of 6.6 ~ 35 kV.

At the request of the client, Gamesa may design transformers with voltage levels not available within the
previously specified range.
4.7 SERVICE VOLTAGE

Models of the Gamesa-2.0 MW platform (models G80-2.0 MW, G87-2.0 MW and G90-2.86 MW) are
available in versions capable of operating with service voltage of 230V or 120V as an option.
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5 TECHNICAL DATA

The main technical data of the different components of the Gamesa-2.0 MW platform wind turbines
(models GB0-2.0 MW, G87-2.0 MW and G90-2.0 MW) are listed below.

5.1 ROTOR
Wind turbine G80 G87 G90
Rotor diameter (m) 80 87 90
Swept area (m?) 5,026.5 5,944.7 6361.7
Operating rotational speed (rpm) |9: 19 9:19 9:19
5.2 BLADES
Organic matrix composite reinforced with Y
fiberglass or carbon fiber. Different blade \
Material models are available, manufactured solely \
with fiberglass or carbon fiber, or & \\\
combination of both. \ \
G80-2.0 MW | 39 \ \
Length (m) G87-2.0MW | 425 \
G90-2.0 MW | 44 \\\
Blade chord G80-2.0 MW | 3.36/0.48 \
(maximum/minimum) | G87-2.0 MW | 3.36/0.013 \
(m) G90-2.0 MW | 3.36/0.013 \ A
G80-2.0 MW | 18.74 \
Torsion (°) G87-2.0 MW | 15.74 3
G90-2.0 MW | 15.74
5.3 COVER
Approx. .-
dimenslons (m) 106x3.4x3.6 P
‘ ‘X\\ prdt
Material Organic matrix composite reinforced with fiberglass Lo 7)
5.4 HUB
Material Noduilar cast iron |
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5.5 MAIN SHAFT

Type Cast shaft

Shaft support Nodular cast iron

5.6 FRONT FRAME

Material Nodular cast iron

5.7 YAW SYSTEM

Type Yaw ring with friction bearing
5.8 TOWER
Type Conical barrel tube
Material Structural carbon steel
Surface
treatment Painted

60
Hub helght 67
(standard
options) (m) 78

100
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5.9 GEARBOX

Type 1 planetary stage/2 parallel stages

Ratio 1: 100.5 (50Hz), 1:120.5 (60Hz)

5.10 COUPLINGS

Main shaft Cone collar
High-speed ‘ .
shaft Flexible coupling

5.11 GENERATOR

Type

Doubly-fed with coil rotor and slip rings

Nominal power
(kW)

2070 (stator + rotor)

Voltage (Vac)

690

Frequency (Hz)

50/60

5.12 MECHANICAL BRAKE

Type

Dlisc brake

PSP ILC0I2ED1
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5.13 HYDRAULIC UNIT

Operating
pressure (bar)

180 - 200

5.14 WIND SENSORS

Standard
configuration

1 2D ultrasonic anemometer with simultaneous
speed and direction measurement + 1 cup
anemometer and wind vane

Number

1+1

5.15 CONTROL UNIT

Frequency (Hz)

50/60

Voltage (Vdc) -

PLC (according
to configuration)

24

éiSteam A (Option A)
Phoenix Contact (Option B)

Field buses

CAN (Option A)
Interbus (Option B)

5.16 TRANSFORMER

Type
Rated power

Three-phase, dry-type encapsulated

Different options available

Voltage in .
mid-voltage

Insulation class

Frequency (Hz)

Different options available

Pur Tt 012 1D
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5.17 APPROXIMATE WEIGHTS

Nacelle weight (t) 71
Rotor G80-2.0 MW | G87-2.0 MW | GS0-2.0 MW
Rotor weight (t) 41 41 } 41
Tower welght (t) | F 't';';ze G80-2.0 MW | GE7-2.0 MW | G30-2.0 MW
60m Land T 136 - -
IA Towers 67m Land T 153 - -
78m Land T 203 -
b T T e DT R
60m Land T 136 - -
67m Land T 153 153 -
IIA towers : :
78m Land T 203 203 -
100m T 260 260 260
67m Land T - 153
IIIA towers 78m Land T - - 203
100m T - - 260
: Flange [ -
DIBt tower welght (t) type G80-2,.0 MW | GB7-2.0 MW | G90-2.0 MW
Towers _som . L 136 i .
DIBtWZIII | ¢7m L 153 | -
towers T P
78m L 203 -
60m L 136 - -
Towers i R T R e
5 5
DIBt WZ II 67m L 153 153 153
towers 78m L 203 203 203
100m T 260 260 260
NOTES:
« The welghts of the standard towers are included.
+  These welghts do not include the mid-voltage switchgear and the GRCUND electrical cabinet.
« The 100m type "T" flange is for GAMESA foundations, the remaining type "T" flanges are for USA
foundations.
»  All weights are generic or approximate and may vary.

PUP-TEC Q12 E0
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6 GENERAL RESTRICTIONS

« All data shown is valid for conditions at sea level and standard air density.

« In periods of Jow wind speeds, an increase in power consumpticn for nacelle heating and
dehumidification is to be expected.

o In the event of a build-up of large quantities of ice on blades or other wind turbine components,
interruptions to the turbine operation should be expected. In addition, high winds in combination
with the following conditions - high temperatures, low temperatures, low density and/or low grid
voltage - may lead to a reduction in the rated power to ensure that the thermal conditions of certain
principal components, such as the gearbox, generator, transformer, power cables, etc. are
maintained within limits.

» It is usually recommended that the electrical grid voltage be kept as close as possible to the nominal
value.

« In the event of a loss of electric power and very low temperatures, 2 certain peried of time should
be allowed for heating before the wind turbine starts to operate.

» If there is a slope of more than 10° within a radius of 100 meters of a wind turbine, special
considerations may be necessary.

¢ Wind turbines of the Gamesa-2.0 MW platform (models G80-2.¢ MW, G87-2.0 MW and
G90-2.0 MW) are ready to operate up to 2500m above sea level. Up to 1000m the wind turbine
operates in full-power conditions. From 1000m the wind turbine operates in production conditions
with power derating based on ambient temperature. In addition, on sites above sea level, the risk of
freezing is greater.

« All the parameters given for start up and stopping (temperatures, wind speeds, etc.) have an
associated hysteresis in the control system. In certain conditions, this may involve a wind turbine
being stopped, even when the instant ambient parameters are within the specified limits.

« Intermittent or rapid fluctuations in the electrical grid frequency may cause serious problems to the
wind turbine.

« Drops in the electrical voltage should not occur more than 52 times per year.

+ Due to modifications and updates to our products, Gamesa reserves the right to change the
specifications.

Pop TLC VI EDY
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ntle: G997 2MW 50/60 Hz Wind Turbine Power Curve

1 OBIJECT

This document shows the AEG G97 2MW power curves,

2 SCOPE

The values in the present document are applicable to all the existing configurations for the AEG G97 in
standard operation mode.

3 DEFINITIONS AND ACRONYMS
*  WT: Wind turbine.
= Power (P): Expressed in kW, this is the electric power obtained at the generator terminals without
considering the losses in the transformer or high voltage cables of the wind turbine, or the occasional

power consumption which may exist in the same to supply a component. Averaged every 10 minutes.

= Wind Speed (Ws.), Expressed in m/s, this is the value of the horizontal wind component at hub
height averaged every 10 minutes.

= Power curve (CdP): This represents the variation in P depending on Ws, for the different WT
operating modes.

= Annual Production (EAP) expressed in MWh, this is the total electrical energy produced in a wind
turbine during a one-year period, according to a given CdP and a given wind distribution.

=  Wind distribution. The Weibull distribution is used for different parameters with the form (K), and for
average annual wind speed values (W,,.).

»  Power coefficient: C,,

*»  Thrust coefficient; C,

4 DESCRIPTION

All the values given in this document, unless expressly stated otherwise, refer to the values of the
different parameters given on Table 1.

Table 1 Calculation parameter values for the G397 2MW wind turbine power curve

Rated Power 2.0 MW
Frequency 50 Mz/60 Hz
Rotor Diameter o e 97m
Angle of blade tip _Pitch control regulation
Turbulence intensity 10 % (for all wind speeds) |
Air density reference 1,225 kg/m’

LCATLC 001 RO6 (on) Eciition 2
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5 RESULTS

5.1.

STANDARD POWER CURVE

Table 2 shows the electrical power [kW] according to horizontal wind speed [m/s] with respect to hub height
W [mv/s] for different air densities [kg/m”].

P [kW] Density [kg/m’]

Ws[m/s]| 1.225 | 0.94 097 1.00 103 106 1.09 112 115 118 121 124 1.27
3 14 9 9 10 10 11 11 12 13 13 14 15 15
4 94 64 67 70 73 76 79 82 85 89 92 95 98
5 236 | 172 179 186 192 199 206 212 219 226 233 240 246
6 438 | 328 340 351 363 374 386 347 409 421 432 444 455
7 714 | 541 559 577 595 614 632 650 669 687 705 724 742
8 1084 | 822 849 877 905 932 960 987 1015 1043 1070 1097 1125
9 1507 | 1175 1213 1251 1289 1325 1360 1395 1429 1464 1493 1521 1550
10 1817 | 1546 1583 1620 1656 1687 1714 1740 1767 1793 1809 1826 1842
11 1951 | 1816 1837 1859 1880 1896 1908 1920 1931 1943 1949 1954 1959
12 1990 | 1943 1951 1959 1968 1973 1977 1980 1984 1987 1989 1990 1992
13 1998 | 1985 1988 1990 1993 1994 1995 1996 1997 1998 1998 1998 1998
14 2000 | 1997 1997 1998 1998 1999 1999 1999 1999 2000 2000 2000 2000
15 2000 | 1999 1999 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
16 2000 | 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
17 2000 | 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
18 2000 | 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
19 2000 | 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
20 2000 | 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
21 2000 | 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
22 1906 | 1906 1906 1906 1906 1906 1906 1906 1906 1906 1906 1906 1906
23 1681 | 1681 1681 1681 1681 1681 1681 1681 1681 1681 1681 1681 1681
24 1455 | 1455 1455 1455 1455 1455 1455 1455 1455 1455 1455 1455 1455
25 1230 | 1230 1230 1230 1230 1230 1230 1230 1230 1230 1230 1230 1230

Table 2 Power [kW] of the G97 2MW wind turbine calculated as a function of wind speed Ws [m/s],
for different air densities [xg/m’]

JOA 11C001 ROG (on) Edition 2
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itk G97 2MW

50/60 Hz Wind Turbine Power Curve

2500 -
2000

1500 -

P kW]

1000 -

500

Density 1,225 kg/md [

9 11

13 15 17
Wind speed (m/s)

19 21 23 25

Figure 1 GS7 2.0MW WT power curve for air density equal to 1.225 [kg/ m3],

5.2,

ANNUAL PRODUCTION.

Table 3 shows the annual production [MWh] of the G97 2.0 MW generator for different values of the k form
Weibull parameter and average annual winds W, [m/s]. Values calculated for a standard density of 1,225

kg/m® and 10% Turbulence Intensity.

Wy [117/5]
P [MWh] 55 6 6.5 7 7.5
) 1.6 4810 5590 6324 7004 7623
Weibull K 2 4624 5542 _“____(“34"30 7289 | 8049

Table 3 Annual production [MWh] of the G97 2 MW WT caiculatec as a function of Way[m/s].
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5.3,

CP AND CT CURVES

Table 4 shows the vaiues of Cp and Ct for the G97 2MW wind turbine.

0.9

Cp, Ct
o

0.3

W;s [m/s] Cp Ct
3 0.118 0.949
4 0.323 0.872
5 0.418 0.844
6 0.448 0.832
7 0.460 0.830
8 0.468 0.824
9 0.457 0.764
10 0.402 0.621
11 0.324 0.464
12 0.254 0.345
13 0.201 0.265
14 0.161 0.209
15 0.131 0.169
16 0.108 0.140
17 0.090 0.117
18 0.076 0.099
19 0.064 0.085
20 0.055 0.074
21 0.048 0.065
22 0.040 0.054
23 0.031 0.044
24 0.023 0.035
25 0.017 0.028

Table 4: Values for C,, and C, for the G97 2MW WT.

0.8 .
0.7 .

0.6 |
0.4 -

0.7

0.1

0 2 4 6 ]

0 12
Wind speed (m/s)

\\\
S
; 4

. —Cp ‘

w20 22 2

Figure 2 C, and C, curve values for the G97 2MW WT.
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Economic progressr&
Sustainable development

These are the great challenges facing today’s
society. In the areas of energy niéda'gement
and power generation, Gamesa istackling -
these challenges by developing’ tethnologles
that foster energy sustainability in a clean,
efficient and profitable manner. -

By harnessing the best and most modern
technologies in conjunction with its high
industrial potential, Gamesa continves to
improve the efficiency and capatity of its:
nroducts and services by designing and
manufacturing of ever more advanced wind
turbines. -

The drive behind our work to develop more
efficient technologies, products and services
is to ensure that Gamesa's range of offerings
is the most comprehensive in terms of
capabilities and the most competitive in

the market. Our goal? Complete customer
satisfaction.
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DET NORSKE VERITAS

TYPE CERTIFICATE

G7-2MW IEC ITTA HHT78&%0m 30/60Hz2

IEC TC-224901-0 2012-03-30
Type Certificate number Date of issue
Manufacturer:

GAMESA TECHNQLOCGIC CORPORATION, S.A.
Pargue Tecenoldgico de Bizkaiz, Edificie 222
48170 Zamudio (Vizcaya) - SPAIN

Valid until: 2017-03-30
Conformity evaluation has been carried out according to YEC 61400-22: 2010 "Wind Turbines - Part 22:
Conformity Testing and Certification™. This certificale attests compliance with IEC 614090-1 ed. 2: 1999

and 1EC 61400-22 concerning the design and manufacture.

Reference documents:

Design Basis Conformity Statement: TEC DB-224901-0
Design Evaluation Conformity Statement: TEC DE-224901-2
Type Test Conformity Statement: i=C T1-224901-0
Manufacturing Conformity Statement: HC MC-224901-0
Final Evaluation Report: PI)-642249-12R61EB-37 Rev 2

Wind Turbine specification:
IEC WT class: HIA. For further information see Appendix | of this Certificate.

Date: 2012-03-30 Date: 2012-03-30

5
’
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. ey S A //
ol S DANAK >
“hrister Eriksson PROD Reg no 7031 / Msa ‘umm
/ . .
Management Representative Project Manager
Det Norske Veritas, Danmark A/S itet Norske Veritas, Danmark A/S

DET MORSKE VERITAS, DANMARK A/S
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DANMARK A/S

[EC TC-224901-0
TyrE CERTIFICATE

APPENDIX 1 - WIND TURBINE TYPE SPECIFICATION

General:
IEC WT class acc. to IEC 61400-1 ed. 2: 1999: fiia
Rotor diameter: 97m
Rated power: 2000kW
{derated between 21 m/s and 25 m/s)
Rated wind speed Vi 10.5 m/s
Hub height(s): 78m and 90m
Operating wind speed range Vi-Vou: 3 m/s — 25 m/s (100 sec average)
Design life time: 20 vears
Wind conditions:
Vier (hub height): 37.5 m/s
Vave (hub height): 7.5 m/s
Iis (Vhup=15 m/s) ace. to IEC 61400-1 ed. 2: 1999:  18% {n - 2)
Mcan flow inclination: g deg
Electrical network cenditions:
Normal supply voltage and range: 690V £ 10%
Normal supply frequency and range: SC/60 He 4 2%
Voltage imbalance: < 2%
Mumber of annual clectrical network outages: 20

Other environmental conditions {where tekern into secount):

Alr density: 1.225 kg/ry’
Normal and extreme temperature ranges: -16°C to +40°C
S20°C to +50°C
Relative humidity: 95%
Solar radiation: 1000 W/m?
Description of lightning protection system: Designed aecerding to 112C61024-1

and IECA1400-24, Protection Level |

Main components:

Blade type: Pre-tmpregnated GFRP und CFRP
Gamesa 47.5 m
Gear box type: GE200GPL. G9N 50z and 6011z

Planctary/helical gear (3 stages)
1:106.80@50H2
1127.19@60Hz

Gencrator type: Cantarey Reinosa S.A. CR 20
2040 kW@50}iz
2070 KW{@60Hz

Tower type: Tubular Steel Tower

DET NGRSKE VERITAS, DANMARK A/S Page 2 of 3

CERTIFICATION CARRJED OUT IN TECHNICAL COOPERATION WITH RI52 MATIOMNAL LABORATORY
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IEC T(C-224901-0
TyPE CERTIFICATE

Service lift: Mot present

Crane: Yicinay-Cemvisa, ABK 201 - 800 kg
DET NORSKE VERITAS, DANMARK A/S Page 3 of'3

CERTIFICATION CARRIED OLT IN TECHNICAL COOPERATION Wi RIS NATUNRAL LABORATORY
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1 AIM

This document presents the power curves and noise emission ieveis for the WT G114 IIIA 2,0MW wind
turbine,

2 SCOPE

The values shown in this document are applicable to all the existing configurations for the WT
114 1IIA 2.0MW, for standard operation mode and accordirg to tower height. Tonality is not considered.

3 DEFINITIONS AMD ACRONYMS
*  WT: Wind turbine.
* Power (P): Expressed in kW, this is the electric power obtained at the generator terminals without
considering the losses in the transformer or high voltage cables of tha wind turbine, or the occasional

power consumption which may exist in the same to supply a component. Averaged every 10
minutes,

* Wind speed (Ws.): Expressed in m/s, it is the horizontal wind component value at the height of the
hub averaged every 10 minutes.

* Power curve (CdP): Represents the change in the P in accerdance with the Ws for the different WT
operating modes,

* Annual Output / Annual Energy Production (AEP): Expressed in {MWh], it is the total ciectrical
energy produced in @ WT during a one-year period, in accordance with 2 given CdP and a given wind
distribution.

= Wind distribution: the Weibull distribution is used for different X-distribution parameters and for
annual average wind speed values (W,,.).

= Wind speed W,, {m/s]: The wind speed value, measured 2t 10m above ground level,
=  Tower height (H): expressed in meters, is the height of the rotor centre above ground lever.
* Power coefficient: G
»  Thrust coefficient: G
= Noise level: The expected sound power level values, expressed in dB(A), represent the sound power
that the WT emits at the height of the hub for a given wind speed. In accordance with the IEC
standard, the wind speed value (W10) 10 m from the ground is used.
The noise levels shown in this document are average expected vatues, called Lw in IEC-51400-
14. To obtain the Lwd value, as defined in IEC-61400-14, 2n increase of 2 dB{A) shall be
considered over said Lw values. This increase depends cn the typical deviation of the sampies
being considered, and since no noise measurements axist {or this turbine, the same values

obtained for G0 are used in this document.

= dB(A): an A type frequency filter is applied, in accordance with the IEC standard.

1CA TEC-001-Ro (e ) Echicnon 2
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4 DESCRIPTION

When not specified otherwise, data in following sections is calcutated using the parameters from
Table 1. All power curve and annual energy production values in this document are subject tc the validity
ranges presented in Table 2.

Rated Power 2.0 MW
Frequency 50 Hz/60Hz
Rotor Diameter 114 m
Angle of blade tip Pitch controi regulation
Alr density 1.225 kg/m’®

Table 1: Caiculation parameter values for the G114 {HA 2.0hW powar curve.

Wind Shear {10min average) 503
(0.75v;+ 5.9 (8.73v; + 5.6
Turbulence intensity Ti [%) for bin i 5% (075~ 55) < Tl < :,2%_._’1‘___._)
Vi Y
Terrain Nol complex according 0 {£C 61400-12-1
Uptlow B [9 s fs+2°
Grid frequency [Hz] +05H|

Tabte 2 Validity ranges of Power Curves for the G114 2.0MW CIIIA wind turbine power curve.

JCATECO0E-RUn (s) Edicnn 2




Title:

G114 IIIA 2.0MW 50/60 Hz Wind Turbine Power Cury

[

-
[

v 3/ CLIENT INFORMATION

(&

ode GRAER250-en

Rev: S

N Date: A7/02/2014

Page. 4 of 7

nd noise emission level

5 RESULTS

5.1 STANDARD POWER CURVES

Table 3 shows the electrical power [kW] in function of the horizontal wind speed at hub height We [my/s] for
different air densities [kg/m’].

P [kW] Density [kg/m’]

Ws[m/s]| 1.225 | 0.94 0.97 1.00 1.02 1.06 1.09 1.12 115 1.18 1.21 1.24 1.27
3 32 21 22 23 24 25 27 28 25 30 AN 32 33
4 146 104 109 113 118 122 126 131 125 140 144 148 153
s 342 254 263 273 282 291 200 309 319 z28 337 346 355
6 621 469 485 501 517 533 549 565 581 597 613 629 645
7 1008 764 790 815 841 856 892 910 343 G692 995 1021 1046
8 1486 1159 1186 1233 1270 1305 1340 1374 1408 1440 1471 1501 1530
9 1836 | 1590 1626 1659 1589 1718 1744 1763 1788 1810 1828 1844 1859
10 1965 1867 1885 1900 1914 1925 1935 1944  1Q&1 1957 1963 1968 1972
11 1394 1969 1974 1979 1982 1985 1887 1920 1921 1993 1994 1995 1696
12 1999 1994 1995 1996 1997 1997 1938 1998 1999 1999 1999 1999 1999
13 2000 1999 1999 1999 1€99 2000 2000 2000 2000 2000 2000 2000 2000
14 2000 | 2000 2000 2000 2000 2000 2000 200G 2000 2000 2000 2000 2000
15 2000 | 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
16 2000 | 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
17 2000 | 2000 2000 2000 2000 2000 200C 2000 2000 2000 2000 2000 2000
18 2000 [ 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
18 2000 | 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
20 2000 | 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
21 2000 | 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
22 1906 | 1906 1906 1906 1906 19066 1806 1306 1805 1906 1906 1906 1906

23 1681 1681 1681 1681 1681 1681 1681 1681 1681 1681 1681 1681 1681

24 1455 | 1455 1455 1455 1455 1455 1455 1455 1455 1455 1455 1455 1455

25 1230 1230 1230 1280 1230 1230 12390 1230 12320 1230 1220 1230 1230
Table 3 Electric power [KW] of the G114 IlIA 2.0MW wind turbine calculated in functicn of wind speed at hub height Ws

[m/s], tor difterent air densities [kg/m“‘], (ref: 20120606C 1 1 4AERPC)

TCR-TLCD0LRO6 (¢5) Edienin 2
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Figure 1 Power curve of the G114 1A 2.0MW wind turbine for an air density equal to 1.225 [ky/ m’}.
(ref: 20120606G114AERFC)

5.2 ANNUAL ENERGY PRCDUCTION

Table 4 shows the arnual output [MWh] for the G114 iltA 2.0MW wind turbine for different Weibull K-
distribution parameter values and annual average wind speeds W, [m/s]. The values are calculated for
1.225 ka/m? standard density and 10% turbulence intensity.

Wove [m/s]
T
P [MWh] 55 6 £.5 7 z5
1.5 5756 6520 7219 7848 8406
Weibull K 2 5769 6751 7567 8507 9269
2.5 5618 6767 7854 | 8856 | 9763

Table 4: Annual energy production [MWh} of the WT G114 1A 2. OMW calculated in function of W, [1ms].
{rel: 20120606G 1 14AERPC)

ICA TECODL RO (os) Edicron 2
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5.3 CP AND CT CURYES

Table & shows the CP and CT values for the G114 1A 2.0MVY wind tursing.

W [mis] CcP CT__ |
3 0.187 0534 |
4 0.366 0.861 !
5 0437 | 0834 |
6 0460 | Ca24 |
7 ca70 | os22 |
8 0.464 0778 |
9 C.403 0821
10 0.314 0.444 |
11 0.240 0220
12 0.185 0240 1
13 0.145 187 |
14 0.117 0.149 |
15 0.095 0122 |
16 C.078 0101 |
17 0.065 £.086
18 0055 0.073
19 0.047 0.064
20 0.040 0.057
21 0.025 0.048
22 0.029 0.041
23 0.022 0.033
24 0.017 0.62
25 | 0013 09023 |

Table 5: Cr ang Cr values for the Gi14 1A 2.0MW wind iurbine.
(ref: 20120606G 1 14AFAFQ)

0o N\
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?io{» \
& .
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Flgure 2 Cp and Cy curves of the G114 1HA 2. CMW wind turbine.
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5.4 MOISE LEVELS

Estimate of aeroacoustic noise emitted by the rotor of the G114 A 2.0MW wind turbine, simulated for
different tower heights (H) and wind speeds at 10m above ground fevel (W ).

Table 6 includes the numerical values for the estimated Lw ncise leve! in dB(A} for the different wind speeds,
from the start-up speed, 3m/s.

H = 80m H = 93m M = 125m
Wi Wy SPL VY, SPL W, sPL
[mvs] | pwis]  [AB(A)] | [mis]  [dB(A)] | [mvsl [dB(A)]
3 40 95.8 43 95.3 4% 95.8
3.5 14 95.8 5 95.8 b2 95.8
4 hG 96.3 N 96.8 6.0 98.0
4.5 G 99.0 | 5.4 99.5 0./ 100.6
5 70 101.4 i 101.9 S 103.
5.5 i 103.6 74 104.1 B 105.2
6 8 105.6 06 106.0 50 106.0
6.5 91 106.0 93 106.0 0.7 106.0
7 y g 106.0 ) 106.0 KPR 106.0
7.5 TRRS 106.0 1 106.0 i 106.0
8 R 106.0 ! 106.0 1.0 106.0
8.5 o 106.0 91 106.0 ! 1 106.0
9 Lok 106.0 129 106.0 134 106.0
9.5 1 106.0 146 106.0 [ 106.0
10 130 106.0 14 106.0 Gy 106.0

Table 6: Noisa levels of the G114 IIIA 2. 0MW wind turbine for different M [m], W, [m/s) and Ws{nvs).
(ref: 20140227G114AERPCNLEV)

JCA-TEC-001-ROE (es) Edunin 2
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SCOPE

Wind turbines of the Gamesa-2.0 MW platform (G114-IIIA and G114 IXIA models).

RECORD OF CHANGES
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1 DESCRIPTION OF THE GAMESA 2.0 MW (G114-I7IA AND GL14-ITA MODELS) WIND

TURBINES
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Figure 1: Complete wind b

The Gamesa 2.0 MW (5114-1XJA and G114-ITA models) wind furbines are of the three-bladed wind-
facina rotor type with a ratec power of 2 MW,
Its roter diameter is 114m (position d in Figure 1) and hub height of 80m, 93m and 125m {position h in

Figure 1).

The Gamesa 2.0 MW (G114-IIIA and G134-X1A models) wind turbines 2re regulated by an independent
pitch control system in eech blade and has an active yaw system. The control system allows the wind
turbine to be operated at variable speed, maximizing the pewer nroduced at 3l times and minimizing the

loads anc neise.
A description is given below of the main ccmponents of the Gamesa 2.0 MY (G11.4-TIIA and G114-1IIA

models) wind turbines.
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Characteristics and general description of the C114-IIIA 2.0 MW and G114 [IA-2.0
MW wind turbines

1.1 MACELLE DESCRIPTION

GUX-G9X-33-00-00- 1700 1-2 00-3

Position | Name

-

Cover

i
i
i

Frame

Main shaft

Gearbox

Yaw system

i Mechanicai brake

|
t Hvdraulic unit

Generator

ClioiN|Ilun]dsiwiN

Transformer

Electrical cabinets

—
(e}

Figure 2: Main components of the nacaile

1.1.1 Cover

The cover protects the wind turbine components within the nacelie from exposure to metecrological events
and external environmental conditions. It is made of composite resin and reinforced with fiberglass.

Within the cover there is sufficient space in order to cerry out wind turbine maintenance operations. The
cover has three hatchways:

« Hatchway giving access to the nacelle from the tower, located on the nacalle floor.

» Hatchway giving access to the interior of the cone/hub, located in the front.
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» Crane operating hatchway, located on the floor of the rear secticn.

There are two skylights on the roof allowing sunlight to enter during the day and providing additional
ventilation and access to the exterior, where the wind measuring instruments and the lightning rod are located.

£

The revolving parts are duly protected to guarantze the safety of maintenance persennel.

The nacelle is equipped with an 1000 kg service crane inside.

1.1.2 Frame

The frame of the Gamesa 2.0 MW (G114-IIIA and G13i4-IXA modeis) wind turbines has been designed
using the criteria of mechanical simplicity along with the appropriate robustness to be able tc support the
elements of the nacelle and transmit the loads to the tower. These loads are transmitted via the yaw system
bearing.

The frame is divided into two parts:

« Front frame: Cast iron bedplate to which the main sha® supports are fastened, where the gearbox
torque arms and the vaw ring react.

e Rear frame: Mechanically-welded structure formed by two beams joined at the frent and the back,

The frame is subjected to exhaustive ageing iests at the frame test bench, Gamesa UPB, belonging to
Gamesa. These tests mainly involve extreme locad cycles which reproduce, in an accelerated manner, the
stresses and forces to which the frame will be subjected throughout its lifetime. This guarantees and
improves the reliability of the component, validating its correct design. In addition, the test resalts are used
for feedback and to correlate the simulation models of the frames developed by Gamesa, guaranteeing
continuous improvement and greater precision of the designs.

1.1.3 Main shaft

The motor torque produced by the wind on the rotor is transmitted to the gearbex through the main shaft.
The shaft is attached to the hub with a screwed-on flange and is supported on 2 bearings housed in cast-
iron supports. The cennaction to the low speed input on the gearbox is made with a conical tightening collar
that transmits the torque by friction.

The shaft is made from forged steel and has a longitudinal central opening to house the hydraulic hoses and
control cables for the pitch control system.

The support of the main shaft on 2 bearings offers significant structural acvantages. All the stress from the
rotor is transmitted to the front frame, except for the torgue, which is used downstream in the generator to
produce electric power. This guarantees that the gearbox only transmits this torque and that the bending,
axial and shear stress goes directly to the bed piate. In addition, the system makes maintenance easier, as
the gearbox can be removed without having to dismoui:t the main shaft or the rotor.

1.1.4 Gearbox

This transmits the main shaft's power to the generator. The gearbox consists of 3 combined stages, a
planetary gear and two parallel shaft gears. The gearbox's cogs are designed for maximum efficiency and
low noise and vibration levels. As a result of the gear ratio, part of the input torque is absorbed by the
reaction arms. These symmetrical reaction arms fix the gearbex to ihe frame by means of shock absorbers
which minimize vibration transmission. The high-speed shaft is linked to the generator via a flexible coupling
with torque limiter that prevents excess loads to the transmission chain.

Due to the modular design of the drive train, the gearbox weight is supzorted by the main shaft, while the
gear tie rods react only to the torque, preventing the gearbox from rotating and ensuring the absence of
unwanted loads.

The gearbox has a main lubrication system with a filtering systen: associated with the nigh-speed shaft.
There is a secondary electrical filter which perrnits the cleaning of the oil to 3 pm, thus reducing the
potential number of breakdowns, together with a third extra cooling circuit,
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The gearbox's various components and operating parameters are monitored by different sensors, of both the
control system and the Gamesa PMS predictive maintenance system.

All the gearboxes are subjected to load tests at rated power during their manufacture. These tests reduce
the probabilities of fallure during operation and guarantee product quality.

1.1.5 Gamesa Active Yaw system

The Gamesa Active Yaw system enables the naceile to rotate around the axis of the tower, This is an active
system and has six yaw gears electrically cperated by the wind turbine control system according tc the
information received from the anemometers and wind vanes mounted on the upper section ¢f the nacelle. The
yaw system motors turn the gears of the yaw system, which engage with the cogs of the yaw ring, constituted
of one piece and mounted in the upper part of the tower, producing the relative rotation between the nacelle
and the tower.

A friction bearing is used to obtain an adeguate retention torque in order to control vaw rotation. In
addition, the hydraulic brake, consisting of 6 active clamps, provides & creater retention torque to fix the
wind turbine. The combined action of these 2 systems prevents fatigue and possible damage to the gears,
thus ensuring stable and controlled yaw.

The ring is divided into eight sectors to make it easier to repair possible dameage to the testh.

As with the frame, the Gamesa Active Yaw system is subjected te accelerated life cycle and ageing tests
at the Gamesa UPB test bench. These tests consist mainly in orientation cyvcles with operating loads
compressing the length of the durability or ageing tests in orcer to simuiate the yaw system's service life.
These tests guarantee and improve the reliability of the compenent, validating its correct design and
providing feedback to the virtual models for subsequent redesign and improvements.

1.1.6 Brake system

The wind turbine primary brake is aerodynamic through the full-feathering biades. As the pitch control
system is independent for each of the blades, it provides safety in the event of failure in any of them.

The mechanical brake consists of a hydraulicaily activated disk brake, which is mounted on the high-speed
shaft of the gearbox This mechanica!l brake is only used as a parking brake or if an emergency push-button
is applied.

1.1.7 Hydraulic system

The hydraulic system supplies pressurized oil to the 3 independent pitch control actuators, the high-speed
shaft mechanical brake and the yaw system brake system. It includes & f&if-safe system which guarantees
the required oil pressure and flow levels in the event of absence of current to activate the blade pitch control
cylinders, the disc brake and the yaw system brake, switching the wind turbine to safe mode.

1.1.8 Generator

The generator is an asynchronous double-feed unit with 4 noles, coil roter and slip rings. Itis highly efficient
and is cooled by an air-air exchanger. The contro! systern permiits operation at variable speeds using the
retor intensity frequency control.

The characteristics and functions introduced by this generator are:
» Synchronous behavior toward the grid.

= Optimal operation at any wind speed, maximizing production and minimizing loads and noise, thanks
to variable speed operation.

e Control of active and reactive power via control of ampiitude and rotor current phase.
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e Smooth connection and disconnection frem the electrical grid.

The generator is protected against short-circuits and overloads. The temperature is monitored continuously
via probes at points on the stator, bearings and the slip ring box.

1.1.9 Transformer

The transformer is three-phase, dry encapsulated, with different output voltzge options between 6.6kV and
35kv, different apparent power ranges and is particulerly designed for wind energy applications. It is {ocated
in the rear section of the nacelie in a compartment separatec by 2 metz! wali which provides therma! and
electrical insulation from the rest of the nacelle compornients.

As it is a dry type unit, the risk of fire is minimized. In additicn *he transformer includes all the necessary
guards against damage, including arc detectors and protec:tion fuses.

The transformer's locatlon in the nacelle prevents clectrical iosses thanks to the reduced length of the low-
voltage cables, and also reduces visual impact.

1.1.10 Eiectrical cabinets for control and power
The electrical system's hardware is distributed into three cabinsts:
1. TOP electrical cabinet located in the nacelle. This electrical cabinet, in turn, is divided into three parts:

o Control section: respensible for the tasks governed by the nacelle, such as moenitering wind,
changing pitch angle, yaw, interior temperature contr¢!, etc.

» Frequency converter: this is responsitle for controlling the power and managing the connection and
disconnection of the generator to/from the grid.

o Protections and busbar section: the output of the power produced, with the necessary electrical
safequards, is located here.

2. GROUND electrical cabinet located at the tower’s base. From the GROUND electrical cabinet's touch
screen it is possible to check the wind turbine's different operating parameters, stop and start the wind
turbine, test the various subsystems, etc. A touch screen czn also be connected to the TOP electrical
cabinet in order to perform these tasks.
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3. HUB electrical cabinet located in the revolving part of the wind turtine. Primarily respcnsibie for
activating the pitch control system cytinders.
1.2 ROTOR

The rotor of the Gamesa 2.0 MW (G114-IIIA and G1214-ITA modals) wind turbines consists of three
blades joined to a hub by blade bearings. The hub has a conical angle of 29 in the flanges attaching it to the
blades, which keeps the tips of the blades away fiom the tower.

This wind turbine’s rotor diameter is 114m.
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Figure 4 : Main rotor components

1.2.1 Blades

The blades of the Gamesa 2.0 MW (G114-IITA and G114-I%4 models) wind turbines are manufactured
in @ matrix composite material reinforced with fiberglass through resin infusicn technology, which provides
the necessary rigidity without increasing blade weight. The blaces have pitch control along the whole length
of the blade, thus maximizing eneargy production and reducing leads and noise.

Blade length is 56m anc an approximate weight of 13t. The distance from the blade root o the hub center is
1.230m.

The structure of each blade consists of two shalls zttached te 2 structural beam or intarnal rails. The blade is
designed to fulfill two basic functions: structurai and aerodynamic.

In addition, the blade Is designed taking into account bothi the manufecturing method used and the
materials chosen, in order to ensure the necessary safety margins.

The blades are equipped with a lightning protecticn system which conducts the lightning from the receptor
to the blade root, where it is transmitted to the wind turbire to be discharged into the ground,

Additionally, the blades come with the necessary drains to orevent internal water retention, which can cause
imbalance or structural damage due to water vapcrization upon the impact of lightning.
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1.2.2 Blade bearing

The blade bearings are the interface between the blade and the hub and permit the pitch control mevement.

The blade is attached to the inner race of the blade bearing by means of tensioned bolts to facilitate
inspection and removal.

1.23 Hub

The hub is manufactured in nodular cast iron. It is attached to the outer race of the three blade bearings and to
the main shaft with bolted joints. It has an opening at the front to permit access to the interior for inspection
and maintenance of the pitch contrel system’s hydraulics and the tightening toraue of the blades’ bolts.

1.2.4 Cone

The cone protects the hub and the blade bearings from the atmosphere. The cone is bolted to the front of
the hub and is designed to allow access to the hub for maintenance tosks.

1.2.5 Pitch control hydroutic system

This consists of independent hydraulic actuators for each blade that provide a rotation capacity of between
~50 and 87° and a system of accumulators which ensure feath :ng in the event of an emergency.

The pitch control system acts according to the following setting:

e When the wind speed in fess than rated, a pitch angle is selected that maximizes the electrical
power obtained for each wind speed.

= When wind speed is higher than nominal, the pitch angle used provides rated power to the wind
turbine,

In addition, it controls the activation of the aerodynamic brake in the event of an emergency, switching the
wind turbine to a safe mode.

The hydraulic system acts mcre quickly than other systems. Due to the hydraulic accumulator system, it
does not reguire batteries to operate, thus increasing its reliability in the event of an emergency.

1.3 TOWER AND FOUNDATICN

1.3.1 Tower

The Gamesa 2.0 MW (G114-IIIA and G114-I18 models) wind turbines fower is a structure of tubular
steel, in a truncated conical shape, divided into three, four ¢r five sections depending on the tower height:

« 80 m (steel structure): three sections.
e 93 m (steel structure): four sections.
» 125 m (steel structure): five sections.
It is supplied with the corresponding platforms, ladders and emercancy lightin

Gamesa offers a cable guided clevator as standard to male maintenance of the wing turbine easier.
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1.3.2 Foundation

The standard foundations are of the slab type, made of concrete reinforced with steel. They have been
designed using calculations based on the certified loads of the wind turbine and considering standard

ground.

Where the hypothetical values used vary, the established standard values are useless and the foundations
must be recalculated. Therefore, for each site, the ground characteristics and wind data should be reviewed
in order to ensure that the rost suitable foundation is selected.

1.4 CONTROL SYSTEM

The wind turbine functlons are controlled in real time by a PLC-based svstem {Programable Logic Controller).
The control system is made up of control and monitoring algorithms.

A) Control system

The control system selects the correct shaft torgue values, the blade pitch angle and the power settings.
These are modified at all times depending upon the wind speed reaching the wind turbine, thus
guaranteeing safe and reliable operating in all wind conditions.

The main advantages of the regulation system for the Gamesa 2.6 MY’ (G114-111A and G114-IIA
models) wind turbines are:

1. Maximization of energy production.

Limitation of mechanical loads.

NJ

Aerodynamic noise reduction.

How

High energy quality.

A-1) Pitch control adjustment

At wind speeds above the rated speed, the contro! system and pitch control system keep the power at its
rated vaiue. At wind speeds below the nominal speed, the varizable pitch control and control systems
optimize energy production by selecting the optimum combination of rotor rotztion speed and pitch angle.

A-2) Power control

The power control system ensures that the wind turbine's rotation spead and motor torgue always supply
stable electric power to the grid.

The power control system acts on a set of electrical systems consisting of a doubly-fed generator with
wound rotor and slip rings, a 4-quadrant IGBT-based converter, contacters and electrical safeguards and

software. Electrically, the generator-converter unit is equivalent to a synchrenous generator and therefore it
ensures optimum coupling to the electrical grid with smooth connection and disconnection processes.

The generator-converter unit is capable of working at variable speeds to optimize operation and to maximize
the power generated for each wind speed. In addition, it makes it possible to manage the reactive power
evacuated in collaboration with the Gamesa Windnet® remote controi system.

B) Monitoring system

The monitoring system continuously checks the state of the differant sensors and internal parameters:
e Environmental conditions: wind speed and direction or ambient temperature.

» Internal parameters of the various comporents, such as temperatures, oil levels and pressures,
vibrations, mid-voltage cable winding, etc.

» Rotor state: rotation speed and pitch controi position.

»  Grid situation: active and reactive energy generation, voltage, currents and frequency.
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1.5 GAMESA PMS PREDICTIVE MAINTEMANCE SYSTEM

The Gamesa 2.0 MW (G114-IIIA and G114-II4 models) wind turbines inciudes the Gamesa PMS
Predictive Maintenance System, developed by Gamesz, based on the analysis of vibrations, and optimized
for use in wind turbines. The system can simultaneously manage and process information from up to 12
accelerometers located at strategic points on the wind turbine, such as the goarbox, the generator and the

main shaft's front bearings.

The main characteristics of the Gamesa PMS are as follows:
e Continuous monitoring of the wind turbine's critical components.
» Signal processing and alarm detection capacity.
+ Integrated with the PLC and Gamesa Windhet® wing farm networis,
e FEasy maintenance.

s Low cost.

In general, the main purpose of a predictive maintenance syster is the early detection of faults or wear in
the main components of the wind turbine. The foilowing are some of the important benefits ¢f installing a
system of this type:

« Reduction in major corrective actions required.

s Protection of other components of the wind turbine.

« Improvements in the wind turbine's useful iife and operation.
» Reduction in dedicated maintenance resources.

o Access to markets with strict regulations, such as the Germanischer Lizyds, DNV Business Assurance
certification.

« Redudion in insurance company rates.

1.6 GAMESA WINDNET® INTEGRATED MANAGEMENT SYSTEM FOR 'WIND FARMS

The Gamesa 2.0 MW (G114-IITA and G114-ITA& models) wind turbines integrates into the Gamesa
WindNet®, supervisory, control and data acauisitior: system (SCADA}, which allows the wind farm
information to be accessed easiiy and intuitively through a browser.

The Gamesa WindNet® system is easy to configure and adapt to any wind farm layout, including those
with a wide variety of wind turbine models. It can quickly and raliably tink up any wind farm topology based
on Ethernet network technology. It can also integrate wind farm instaliations such as electrical substations,
reactive power equipment, capacitor banks, etc.

The Gamesa WindNet® system supports a wide variety of communications protocols used in wind farm
systems, such as OPC DA, MODBUS and DNP3. Communication with Gamesz wind turbines is based on a
robust and efficient proprietary protccol,

With this tool, the user can perform the following tasks at any time:
o Track and monitor the wind farm’'s equipment.
« Be informed about the energy production of each wind turbine in the wind farm.
+ Monitor the alarms for the Zifferent elements of the wind farm in real time and display the alarm log.

« Send direct orders to the wind turbines (start, pause or switch to emergency mode) and substation.
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» Analyze the evolution of variables over time in a simple manner, thanks to the trend history graphs:
Gamesa Trend Viewer.

+ Create production and availability reports: Gamesa Peport Generatoer,

+ Send status messages and alarms to a cell phone using SMS text messaging.

» Integrate the reactive power compensation equipment (STATCOM ard SYC).

+  Manage predictive maintenance with the integration of Gamesa PMS,

= Manage different user profiles, thus maintaining security ard simplifying at the same time the
application's daily use.

The user interface has been designed using accessibiiity, user-friendly and simplicity criteria. The information
Y

is displayed in graph form, There is also Web access to up-to-date information through any device with a

browser and Internet connection.

The Gamesa WindNet® system offers different user, administrator, configuration, developer and
maintenance profiles for access to the specific functions and information required for each user tvpe, thus
increasing security and simplifving the daily use of the application.

Optionally, a series of modules are available to add advanced functions tc the Gamesa WindNet® system:
*  Active power limitation module.
e Generated reactive power control module,
¢ Frequency regulation module.

¢ Generation of customized reports with Gamesa Information Manager, through the categorization of
energy losses.

+  Wake control module.
» Noise control module: Gamesa NRS®,
» Shade control module.

+ Ice control mocule,
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1.7 SENSORS

The Gamesa 2.0 MW (G114-IXIA and G114-I3A models) wind furbines are fitted with varicus sensors
that continuously monitor different parameters. It has sensors that capture signals external to the wind
turbine, for example, the outside temperature or the wind spead and diraction. Other sensors record the
wind turbine's operating parameters, such as component temnerztures, pressure levels, blade vibrations or
positioning.

All of this information is recorded and analyzed in real time and fad intc the monitoring and control functions
of the control system.

1.8 LIGHTNING PROTECTION S5YSTEM

The Gamesa 2.0 MW (G214-IIIA and G114-3IA models) wind turbines are protected against lightning
by a transmission system that goes from the blzce and nacelle receptors, passing through the cover, the
frame and the tower to the foundation. This systemn prevents the nassage of lightning threugh components
which are sensitive to these discharges. The electrical system also has additional overvoltage protaction.

All of these protection systems are designed to obtain @ maximum protecticn in accordance with standard
IEC 62305. IEC 61400 anc! 1EC61024 are consicered reference standards.

2 GRID CONNECYION AND SITE

2.1 GRID CONNECTION

The Gamesa 2.0 MW (G114-IIIA and G114-IL& models) wind turbines are gvailzble in versions capable
of operating in 50 Hz and 6C Hz grids.

The wind turbine's transformer must be suitable for the grid's voltage. The voltage of the low-voltage grid
must lie within the £ 10% range and the grid frequency must lie within the + 3Hz range in both 50Hz and
60Hz grids.

The grounding system Included in the civil engineering project has two cencentric rings with a global
impedance according to the requirements established in JEC 62305, The pass-through and cortact currents
must comply with standards IEC 60478-1 and IEC 61936-1. Locai requlations shall prevail where these are
more restrictive than the above international reguiations,

The grid voltage specified for the Gamesa 2.0 MW (G114-I1IA and G1l4-IIA models) wind turbines is
defined in section 4.6 of this document.

The power factor of the Gamesa 2.0 MW (G114-IIIA and $114-XXA models) wind turbines is between
0.95 capacitive and 0.95 inductive in the entire power range under the following conditions: = 5% rated
voltage for the corresponding temperature interval, as jong as the transformer’s apparent power is equal to
or greater than 2,350 KVA. See special conditions for other transfermer modeals.

2.2 ENVIRONMENTAL COMDITIONS

The standard version of the Gamesa 2.0 MW (G114-ITIA and G134-714 models) wind turbines have
been designed to operate at external ambient temperatures between ~20°C and +30°C. There are wind
turbine versions which are capable of withstanding more extreme amiient temperatures.

The Gamesa 2.0 MW (G114-IIIA and G114-IIA models) wind turbines are capable of continuous

operation at ambient relative humidity of 95%, and is capalle of operating in conditions of 150% relative
humidity for periods of time under 10% of cperating time.




Py Code: GD157870-en Rev: 4
R GENERAL CHARACTERISTICS MANUAL
T Date: 27/31/13 Page 15 of 27

Characteristics and general description of the G114-IXIA 2.8 MW and G114 11A-2.0
MW wind turbines

The degree of anti-corrosion protection of the various components of the Gamesa 2.0 MW (G114-IIJA
and G114-XIA models) wind turbines, in accordance with standard 1SC 12244-2, is shown in the foliowing
table:

COMPONENTS

EXTERNAL

INTERIOR

Tower

C5-1/H

C4/H

Nacelie-Rotor

C4/H or C5/H [1]

C2/Hor C3/H [1]

Table 1. Degrees of protection against corrosion

{1] According to compoiients.

Gamesa has product versions designed specially for corrosive envircnments.

2.3 WIND CONDITION®

The annual wind distribution for a site is normally specified by a Weibull distribution. This distribution is
described by scale factor A and form factor k. Factor A is proportional to the average wind speed and factor
k defines the form of the distribution for different wind speeds. Turbuience intensity is the parameter that
guantifies the instant variations in wind speed.

The design conditions of the G114-IIIA 2.0 MW wind turbine are indicated below:

Standard IEC - ITIA
Average annual wind speed (m/s) [1] 7.5
Turbulence intensity 115 (%) 16
Reference 10-minute wind speed in 50 years (m/s). 37.5
Extreme wind speed in 50 years over a 3-second average (m/s) 52.5

Table 2, Design parameters for the G114-TIIA 2.0 MW wind turbine

* Certification in accordance with design standard IEC51400-1 §d.3.

The design conditions of the G 14-1IA 2.0 MW wind turbine arc indicated below:

Standard IEC - 1IA
Average annual wind speed (m/s) [1] 8.5
Turbulence intensity 115 (%) 16
Reference 10-minute wind speed in 50 years {m/s). 42.5
Extreme wind speed in 50 years over 2 3-second average (m/s) 59.5

Table 3. Design parameters for the G114-IIA 2.0 MW wind turbine

* Certification in accordance with design standard IEC51400-1 £4,3,
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2.4 VERIFICATION OF SITE CONDITIONS

As a general rule, the wind turbine may be instailed in wind farms with a minimum distance of 5 rotor
diameters between wind turbines facing the prevailing wind direction. If the wind turbines are located in
rows, perpendicular to the direction of the prevailing wind, the distance between turbines should be a
minimum of 2 rotor diameters. These criteria are subject to modification in certain conditions following a
specific technical study for each case.

The wind turbines may be placed under different and varied weather conditions where the air density,
turbulence intensity, average wind speed and the k form parameter zre the main parameters to be
considered. If the turbulence intensity is high, the loads on the wind turbine increase and the turbine life
decreases. On the other hand, the loads decrease and the turbine life increases if the average wind speed or
turbulence intensity or both are low. Therefore, wind turbines may be placed on sites with high turbulence
intensity if the average wind speed is fairly low.

Turbulence intensity (I) is the quotient of the standard deviation of the wind speed from the average
measured or estimated speed (See IEC 61400-32). Turbulence intensity 115 is used as a characteristic value
for the 10-minute average wind speed of 15m/s.

On complex ground, the wind conditions are checked cn the basis of measurements taken on site. In
addition, the effect of the topography on the wind speed and shear, the turbulence intensity and the wind
flow inclination on each wind turbine should be considered.

The supply of the required data is necessary in crdar to a he main characteristics of the site:

« Ambient conditions of temperature, density, salinity, dust and/or sand concentration, etc.

« Wind measured on the site, as well as the topographic pians and the :ayout of the wind turbines at a
scale that will enable the site characteristics to be assessed,

»  Grid voltage and frequency and service voltage.

» Any other informaticn required by Gamesa for the correct definition of the wind turbine to be
installed.

3 DESIGN STANDARDS

The Gamesa-2.0 MW wind turbines (G114-IIIA and G114 IIA models) have been designed and validated
using the following standards depending on the type of component:

3.1 WIND TURBINE

Standard i_Descrjgti n [ Edition
Certlf‘cation R : S il

(@3]

IEC 61400-1 Wmd turblnes De5|gn requnrements

Design Validation & estﬁnq

IEC 61400-11 T . . .
Acoustic noise measuremant techniques

IEC 61400-12 . - . .
Power performance measurements of electricity producing wind

turbines

IEC 61400-13 Measurement of mechanical loads

IEC 61400-21 . " .
Measurements ans assessment of pewer quanty characteristics of

grid connected wind turbines

[EC 61400-22

Conformity testing and certification
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H & S [Health & Safety].

EN 50308 Wind turbines — Protective measures ~ Requirements for design, { 2098
operation and maintenance

EN 150 14122-1/2/3/4 Safety of machinery -— Permanent means of access to machinery — 2001
Parts 1,2, 3 &4

EN ISC 14738 Safety of machinery - Anthropometric requirements for the design 2008
of workstations at machinery

EN 150 61310-1/2/3 Safety of machinery — Indication, marking and actuation — Part 1, 2008
283

EN ISC 14121-1 Safety of machinery — Risk assessment — Part 1 Principles (ISO 2007
14121-1:2007)

EN 614-1/2 Safety of machinery — Ergonomic design principles — Parts 1 & 2 2009

EN 150 12100-1/2 Safety of machinery — Basic concents, general princinies for design 2003
-~ Parts 1 & 2 .

RMT [Reliability, Maintainablity & Testability} ==~

IEC 60812 Analysis technigues for system reliabiiity - Procedure for FMEA 2006

SAE JA1011 Evaluation Criteria for Reliability Centered Maintenance Processes 2009

NAVAIR 00-25-403 Guideline for the RCM Process 2005

3.2 STRUCTURAL DESIGM

Standard ! Description Edition

Common 3 -

EN 1991 Eurocode

1.1-4 Actions on structures — Part 1-4: Generai actions — Wind actions Aprii 2005

EN 1993 Eurocode

3.1-1/6/8/9/10 Design of steel structures 2005

IEC 61400-1 Wind turbines - Design requirements § 20C5
Systematic calculation of high duty bolted joints - Joints with one !

VDI 2230 Part 1 cylindrical bolt. 2003

Tower . ‘

CEB-FIB Mode CEB-FIB Mode Code 199C 1980

DIBt Ritchiinie  fir  windenergieanfagen -  Einwirkungen  und | Cctober
Standsicherheitsnachweise fir Turm und Griindung, 4th edition 2012

March

EN 14399 High-strength structural bolting assemolies for preloading 2005

EN 1992 Eurocode Design of concrete structures — Part 1-1: Genera! rules and rules for | December

2.1-1 buildings 2004

En 1998 Eurocode 8 Desian of structures for earthquake resistance May 2005
Mechanical properties of fasterners made of carbon steel and alloy { January

ISO 898-1

steel

2013
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May 2005
Systematic calculation of high duty boited joints - Joints with one
VDI 2230 cylindrical bolt
Nacelle and Hub ! S _
Cranes. General desigr. Limit states and proof of competence of
cN 13001-2-3 wire ropes in reeving systems
EN 13135 Cranes. Safety. Design. Reguirements for equinment.
EN 14492-1/2 Cranes — Power driven winches and hoists — Parts 1 & 2 2006
Directiva §7/23/EC Directive 97/23/EC: Pressure equipment
3.3 MECHANICAL COMPCOMENTS
Standard | Description | Edition
Blades g o
DEFU RZ5 Lightning protection of wind turbines, Recommendation 25
DNV 0OS 3102 Design and Manufacturing of Wind turbires blacdes, cffshore and | 7006-10
onshore wind turbines
1EC 1024-1 Protection of structures against lightning — General Principles 2007-11
IEC 60721 Classification of environmental conditions - Environmentai conditions ! 2602-10
appearing in nature
1SO 2813 Paints and varnishes - Determination of specuiar gloss of non-
metallic paint films
‘Main Shaft - L T
EN 1991 Eurocode
1.1-4 Actions on structures — Part 1-4: General actions — Wind actions April 2005
EN 1993 Eurocode
3.1-1/6/8/9/10 Design of steel structures 2005
Systematic calculation of high duty bolted icints - Joints with one
VDI 2230 Part 1 cylindrical bolt. 2003
Gearbox i T SRR RS
EN 150 4871 Acoustics — Declaration and verification of noise emission values of 2009
machinery and equipment
GL 2010 Guideline for the Certification of Wind Turbines
IEC 61400-1/4 Wind turbines - Design requiremerts
Mechanical vibration - Evaluation of machine vibration by
1SO 10816-1 measurements on non-rotating parts
ISO 6336 Calculation of load capacity of spur and helical gears
ISO 81400-4 Design and specification of gearboxes
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3.4 ELECTRICAL CO

MPONENTS

Standard i Description f Edition
Common s
1EC 60204-1 Safety of Machinerv - Electrical Equipment of Machines E 5
IEC 60228 Cables - Conductors of insulated cables
IEC 60332 Tests on electric and optica! fibre cables under fire conditions 1

Cables - Tests on electric and optical fibre cables under fire

1EC 60332-1/3

conditions

1EC 60364-5-52

Low voltage electrical installetions - Selecticr and erection of
electrical equipment - Wiring systems

IEC 60502-2/4

Low voltage cables

Electrical installations - Short-circuit currents in three-phase AC
L

IEC 60909 svstems

IEC 61400-1 Wind turbines - Design requirements 3
IEC 61000-6-2 EMC '

Generator. 7

IEC 34 Rotating Electrical Machines

IEC 60034 -1/2/18 Generator 12
IEC72 872 A Dimensions and output ratings for Rotating electrical machines !
1EC 85 Classi fcatlon of Insiliat;on Mav‘n ia for ue trical Machinery
Converter and Electrical Cabinets . L T b LR

BS EN 60071 Insulation Coordination 8
IEC 60185 Current transformers .

IEC 60186 Voltage transformers

[EC 60269 Low-voltage fuses 5

IEC 60754-1

Cables - Tests on gas
cabies

23 2V

clved during combustion of material from

1EC 60831

Power Capacitors

IEC 61435-1/2

Converter & awdliary cabinets / Low volage switchgear and contic!

gear assemblies

[EC 61800-3/5

Converter / Adjustable speed electrical power drive systems - EMC

requirements and specific test methods

1EC 62477

rac

Converter / Safety reg
systems and equipment

uvirements for power clectronic converter
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Transformer and Switchgear ¢

IEC 60056 High voltage AC Circuit Breakers
IEC 60060 High voltage testing techniques
IEC 60076-11 Power transformers . 11: Dry-iype trensformers 1
1EC 60099-4/5 Surge arresters
IEC 60137 Insulation Bushings for AC Voltage abgve 1kV 6
IEC 60265 High Voltage switches
Specification of technica! grade sulfur hexaflucride {SF6) for use in
1EC 60376 electrical equipment 2
IEC 60840 MV cables over 36kV
IEC 62271 v MV switchgyear / High Voltage Switches
Earthing and Lightningy -~ 0 00 o st
IEC 61400-24 Wind turbines - Lightning protection
BS EN 60129 AC Disconnectors and earth switches
IEC 62305-1/3 Pro*ectlon agamst hghtnmo
Control and Communications -0 e
IEC 60068-2-1 Cold
IEC 60068-2-14 Temperature Shock
IEC 60068-2-2 Dry Heat
IEC 60068-2-30 Damp Head, Cyclic
IEC 60068-2-32 Free fall
IEC 60068-2-52 Salt Mist Test
IEC 60068-2-56 Damp Head, Steady State
IEC 60068-2-6 Vibration Sinus
IEC 60068-2-64 Vibration random
1EC 60529 Enclosure
IEC 61131 rogrammable controliers
4 OPTIONS

4.1 EXTREME ENVIROMMENTAL CONDITIONS

Gamesa has product versions specially designed for environmerie! conditions of extreme temperature, dust
and/or corrosion.

4.2 VYOLTAGE DROPS

The Gamesa 2.0 MW (G114-ITIA and G114-IZA models} wind turbine is capable of staying connected to
the grid during voltage drops, thus contributing to guaranteeing power cuality and supply continuity.

The wind turbines can optionally be equipped with Gamesa Brake Chepner, e device that is capable of
withstanding more extreme drops and contributing to injecting reactive power as required by certain grid
codes.
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The Gamesa 2.0 MW (Gi14-IIIA and G114-TIA models) wind turbire has certificates issued by official
institutes on compliance with voltage drops according to P.C.12.3 of REE and EON2003.

4.3 LOW-NOISE VERSIONS

The Gamesa 2.0 MW (G114-IIIA and G114-IIA models) wind turbine has different control versions to
minimize noise emissions. The application of these versions may invoive a medification to the power curve,

These noise-control versions are managed by the Gamesa NRS® system, which ensures optimization of
production by maintaining previously programmed noise levels ir accordance with loca! legisiation.

4.4 BEACONS

As an option, Gamesa offers the indusion of luminous beacon systems in accordance with the corresponding
air traffic legislation and regulations. This is supplied exclusively by Gamesa.

These beacons may be powered by a UPS medule, defined in accordance with client requirements. In
addition, there is an option to indude a flashing synchronization model,

4.5 HIGH-VOLTAGE SWITCHGEAR

Gemesa offers to supply the wind turbine connection unit to the mid-voltage electrical grid as an option. The
high-voltage wiring connection to the high-voltage wwitchgeer is at the bottom of the tower. Gamesa
recommends a circuit breaker switch (not a breaker box).

witchgear unit. Where the d ent supplies
chnical specifications for the rating and

Gamesa requires the necessary information to correctly r’eﬁn the
the high-voltage switchgear unit, this must comply with Gamesa's
other aspects which may affect the wind turbine.

5
Lec

4.5 GRID VOLTAGE

Gamesa has various transformer options designes to be connected tc 50 #z and 50 Hz grids at different grid
voltage levels in the range of 6.6 ~ 35 kY,

At the request of the client, Gamesa may desicn transformers with voitage levels not avzilable within the
previcusly specified range.

4.7 SERVICE VOLTAGE

The Gamesa 2.0 MW (G1.34-I1TA and GL14-ITA models) wind turbire is available in versichs which are
capable of operating with service voltage of 230 ¥ or 120 V as an cpt!cn.
5 TECHNICAL DATA

The main technical data of the different components of the Gamesa Z.0 MW (6114-III4 and G114-1IA
models) wind turbine are listed below.
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Characteristics and general description of the G114-J1IA 2.2 MW and G114 1IA-2.0

5.1 ROTCR

Wind turbine G114-TIIA and G114-71A 2.0 MW
Rotor diameter {m) 114

Swept area (m2) 10207

Wind speed in aperation (rpm) 13.07

5.2 BLADES

Material

Composite materia! reinforced with
fiberglass through resin infusion

(maximum/ G114-117A 2.0 MW
minimum) (m) G114-XIA 2.0 MW

technology.
Length (m) G114-1I14 2.0 MW Sem
G114-1IA 2.0 MW
Weight (1) G114-IIIA 2.0 MW 3t
G114-1IA 2.0 MW t
Blade cord 2.865m

G114-I1fA 2.0 MW

Torsion {°) G114-112 2.0 MW

5.3 COVER

Approx. 10.6 x 4.4 x 4.2
dimensions (m)

Material ;
fiberglass

Organic matrix composite reinforcad with




GENERAL CHARACTERISTICS MANUAL

\
i

Code: GD157870-en Rev: 4

i

Date: 27/311/13 Page 23 of 27

Characteristics and general descrintion of the GL14-IXIA 2.0 MW and 6114 1IA-2.0

it MW wind turbines
5.4 HUB
T
// CoeeT ‘\.
/ \
Material Noduiar cast iron ' ( )
| NS o/
i
|

5.5 MAIN SHAFT

Type Cast shaft
Shaft support Nodular cast iron

5.6 FRONT FRAME

Material

Nodular cast iron

5.7 YAW SYSTEM

Type

Yaw ring with friction bearing

R
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5.8 TOWER
i
Type Corical barrel tube
Material Structurai carbon steet
Surface . .
Painted
treatmment ainted
80 m (triree steel sections)
Hub height
(standard 93 m {four steal sections)
options)(m) |
125 m (five steel sections)
5.9 GEARBOX
f’//-'ai 1 2
i AP IR
i s ey FANTON
S P / X \\.\y‘ /'ng;‘-
(/ E R ::,\Gw?x
Type 1 stage vianetary / 2 paralle! 7 ﬁ/ "”ff i
RS Y ' ';,’fb."'.
\L\r\\ W e
A e .\{‘:‘,‘{ﬁ‘f/]
e il

5.10 COUPLIMGS

Main shaft

Cone coliar

High-speed
shaft

Flexible coupling




GENER/L CHARACTERISTICS MANUAL

Code: G3A57870-en

Rev: 4

Date: 2T {13/13

Page 25 of 27

Tile: MW wind turbines

Characteristics and general description of the GL14-II1A 2.0 MW and G114 13A-2.0

5.11 GENERATOR

Type Doubly-fec with coil rotor and slip rings

Nominal power
(kw)

Voltage (Vac) 690

2,070 (stator + rotor)

Frequency (Hz) |50/ €0

5.12 MECHANICAL BRAKE

Type Disc brake

5.13 HYDRAULIC UNIT

Operating "
pressure (bar)

5.14 WIND SENSORS

1 2D ultrasonic anemometer with simultancous
Standard speed a:m‘ direction n?eacurloméntin h f.'a"JvL o
configuration peed & HHeaotiiet L
anemometer and wind vane
Number 1+ 1
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5.15 CONTROL UNIT

Frequency (Hz) 50/ 66

Voltage {Vdc) 24

PLC {according to | Sisteam A (Cption A)
configuration) Phoenix Contact (Option B)

Field buses

CAN (Cntion A))
Interbus (Option B)

5.16 TRAMSFORMER

Type

Three-nhase, dry-type encansulated

Rated nower

Voltage in
medium-voltage

Frequency (Hz)

Insulation class

Different options available

50 / 60

ForH

Different options available

g

5.17 APPROXIMATE WEICGHTS

Nacelle

G114-I7IA 2.0 MW
G114-1TA 2.0 MW

Macelle weight (t)

939

e

G114-ITIA 2.0 MW |

Rotor G114-11A 2.0 MW |
Rotor weight (&) § 69 f
G114-I31A 2.0 MW G1i4-15& Flangs ‘5 Towner weight
2.0 MW tpe %)
80m IIIA T g 146
93m (93.0) T 203
Tower weight {t) | 93m (93.1) T ; 19
125m T 34
125m (125.1) T 32
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NOTE:
=  The weights of the standard towers are includer.
* These weights do not include the mid-voltage switchgear ancd the GROUND electrical
cabinet.

= All weights are generic or approximate and may vary.

6 GENERAL RESTRICTIONG

e All data shown is vaiid for cenditions at sea level and standard air density.

o In periods of low wind speeds, an ircrease in power consumption for nacelle heating and
dehumidification is to be expected.

+ In the event of a build-up of large guantities of ice on blades cr other wind turbine components,
interruptions to the turbine operation should be expected. In addition, high winds in combination
with conditions such as high temperatures, low temperatures, low density and/or low grid voltage
may lead to a reducticn in the rated power o ensure that the therma! conditions of certain main
components (gearbox, generator, transformer, power cables, etc.} are maintained within limits.

o Itis usually recommended that the electrical gric voltage be kept as clase as possible to the nominal
value.

« In the event of a loss of electric power and very low temperatures, a caitain peried of time should
be allowed for heating before the wind turbine starts to operate.

o If there is a slope of more than 10° within 2 radius of 100 meters of a wind turbine, special
considerations may be necessary.

o The Gamesa 2.0 MW (G114-I1IA and G114-TIA models) wind turkines have been conceived
to operate up to 2500m above sea level. Up to 1000m the wind turdine operates in full-power
conditions. From 1000m the wind turbine operates in preduction conditions with power derating
based on ambient tempearature. In addition, on sites above sez level, the risk of freezing is greater.

o Al the parameters given for start up and stopping (temperatures, wind speeds, etc.) have an
associated hysteresis in the control system. In certain conditions, thic may involve a wind turbine
being stopped, even when the instant ambient parameters are within the snecified limits.

o Intermittent or rapic fiuctuations in the electricz! grid frequency may czuse serious problems to the
wind turbine.

o Drops in the electrical voitage should not occur more than 32 times per yaar,

» Due to modifications and updates to cur products, Gamesa reserves the right to change the
specifications.
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¢ Coder GDLG21.30-2n Rev. 2

Date: 2% 710/ 2013 Py 2 078

Title: G90 IA 2.0MW 54/60 Hz Wind Turbine Power Curve

1 AIM

This document presents the G20 IA 2.0MW wind turbine power curves.

2 SCOPE

The values shown in this document are applicabie t¢ 2! the exigling configurations for the G808 1A 2.0MW in
standard operation mode.

3 DEFINITIONS AND ACRCNYMS

WT: Wind turbine.

Power (P): Expressed in kW. this is the electric power obtained at ine generator terminals without
considering the losses in the transformer or high voltage cables of the wind turbine, or the occasional power

consumption which may exist in he same to supply & component. Averageo every 10 minuies

Wind Speed (Ws): Expressed in s, this is 1he value of the horizontel wina compenent at hub height
averaged every 10 minutes.

Power curve (CdP): Reprascnts the change in the P in accordenze will the Wy for the different WT
operating modes.

Annual Energy Production {AEP): Expressed in [MWh], it is the total elecirical energy produced in a W7
during a one-year periog, in accordance with a given CdP and a giver wind dis*ribution,

Wind distribution: Weibull distribution is used for different K-distribution parameters and for arpual average
wind speed values (W..,).

Power coefficient: Cp

Thrust coefficient: C;

4 DESCPIPTION

When not specifiec otherwise. data in following sections s calcuizied using the parameters from
Table 1. All power curve and arnual energy proctiction values in thiz cocumer! are subiect to the valicity
ranges presented in Table 2.

Rated Power

Frequency

Rotor Diameter R

‘Angle of biade tip i ) Pitcis conral regu 't'm)
Air dpnfily i 225 kg

Table 1 Calculetion parameter vakees for the G975 2.0MW TA voing turbing aower curve,

QB0 RCY fev) Etian 2
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Tide: G990 IA 2.0MW ‘401’60 Hz Wind Turbine Power Zurve

Wind Shear {10min average) % 0.3
0.75v,+ 5.63 0.75v; 4 5.5
Turbulence Intenslity TI[%] for bin | 3%( ”\; 22T« ..:%E—l—f—%—-i)
) 1
Terrain Nct cornpiex according 1o 1EC §1400- 12-1
Upflow B {¥] o A Y
Grid frequency {Hz] ' e +0.5Hz

Table 2 Validity ranges of Power Curves for the G90 2.0MW CIA wind turbine power curve.

& RESULTS
5.1 STANDARD POWER CURVES

Table 3 shows the electrical power [kW] in function of the horizontal wind snecd [m/s] at hub height (Ws) for
differant air densities [kg/m?].

PlkW] Density [ka/m’]

We[m/s] | 12251 0.94 0.97 1 1.03 196 1.03 1112 1145 1148 121 1.24 1.27
3 17 12 13 13 14 i4 15 15 18 16 17 17 18
4 78 53 56 58 61 63 66 89 71 74 76 79 82
5 194 140 146 162 157 163 163 174 130 185 121 196 202
] 361 269 278 288 298 307 317 327 336 346 356 366 375
7 592 | 447 462 478 493 508 523 539 554 565 585 600 615
8 893 | 677 700 722 745 768 79C 813 836 559 882 903 028
9 1244 | 940 972 1004 1035 067 1099 111 1183 1196 1228 1260 1292
1C 1581 § 1212 1253 1294 1335 1376 1416 1455 1455 1534 1572 1609 1646
i1 1862 | 1472 1520 1567 1613 1857 1699 1747 17782 1815 1848 1874 1896
12 1967 | 1701 1750 1795 1842 1877 1907 1931 1248 1958 1983 1970 1972
13 1988 | 1885 1823 1948 1961 1871 1973 197 1883 1984 1986 1589 1991
14 1997 | 1972 1977 1982 1982 1987 1997 1992 1994 1895 1396 1997 1998
15 1999 | 1984 1988 1992 1994 18396 1997 1688 1938 1993 1999 1999 2000
15 2000 | 1994 198G 1998 1998 1889 1999 1993 200C 2000 2000 2C0C 2000
17 2000 | 1998 1999 1999 2000 2000 200C 20C5 2000 2000 2600 2000 2000
18 2000 | 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
19 2000 | 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
20 2000 | 2000 2000 2000 200C 2000 2000 2000 200C 2000 2000 2000 2000
21 2000 | 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
22 1906 | 1906 1806 1906 1906 1806 1906 19C5 1506 1208 1905 1906 1906
23 1681 | 1681 1631 1681 1681 1681 1681 1681 1681 1681 1681 1681 1681
24 1455 | 1455 1455 1455 1485 1455 1455 1485 1455 1455 1455 1485 1455
25 1230 | 1230 1230 1230 1230 1230 1230 1230 1200 1230 1230 1230 1230

Table 3: Electric power (kW] of the G0 i 2.6MW wind turbine ¢ 9k,u!'ﬂ«*(’ in function of wind speed a
hub height Wy [mis] for different air densities fkg/m”
fret: 261211716G90CINERPC)

1850 001 ROL (er) tesitron 2




2500 oo

2000 P — .a.\

& 1500 / \
x / \
‘:‘ \\
A

; /

& 1000

500
. ——-density 1.223 kg/m3
0 5 10 15 20 25 30
Freastream wind speed at Pub Height [irs]

Figure 1: Power curve of the G380 1A 2.0MW wind turbine for standard atmosphere
(density = 1.225 kg/m®} (ret: 201217 18GONCIAERED)

5.2 ANNUAL ENERGY PRODUCTION

Table 4 shows the annual energy output [MWhI for the GG 1A 2.0MMW wind turbine calculated for different
Weibull distribution parameters W, [nvs] and K. Ali values are calculated for 1.225 kg/m” siandard density
and 10% turbulence intensiiy.

P[MAWR] Waw (V8]
8.0 8.5 9.6 | 953 10.0
15| 7356 7802 8189 | 8519 2796
Weibuil K 20 8007 | 568 | 9264 €733 10253
25| 8264 9069 | 808§ 10474 11072

Table 4: Annual encrgy production for the G390 1A 2.0MW wind turbine for differant Weibuli narameters W,
[m/s] and K, in standard conditions. (ref: 20121 116G%0C 1 AERPC)

JRE LR (en) Fation 2
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5.3 CP AND CT CURVES

Table 5 represents the CP and CT values for the G0 IA 2.0MW wind turbine.

Ws[m/S] Cp Cr !
3 0163 0900 |
4 0.312 0.843
5 0.287 0.315
6 0.429 0.804 |
7 0.443 0.807 |
8 0.448 0.790 |
9 1.438 0.726
10 0.408 0532 |
11 0.259 0523
12 0.292 0.404 |
13 0.232 gaog |
14 0.187 0.243 |
15 0.152 0.195
16 0.125 0.156 i
17 0.104 o.taz |
18 0.088 0193
19 0.075 0.002 !
20 0.064 0.086 i
21 0.055 0.071 |
22 0.045 0.060 !
23 0.035 0048 |
24 0.027 0.035 |
25 0.020 0.030 !

Table 5: CF and CT values for the G20 1A 2.0MW wind turbing.

Figure 2: CP and CT curves of the GO0 1A 2.0MW wing tu

(ref: 20121116G0C1AERPC)
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