
Regards, 

NBT WIND POWER PAKISTAN HI Pvt LIMITED 

 

CHINA 	 MALAYSIA 	 NORWAY 	PAKISTAN 

 

    

    

Registrar 

National Electric Power 

Regulatory Authority (NEPRA) 

NEPRA Tower Attaturk Avenue (East), 

Sector G-5/1, Islamabad. 

Letter No. ^-167-4 ifrk;FIM  td61-  " I  

Dated: 22 Dec 2014 

Subject: Application for the Licensee Proposed Modification (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 Generation, 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 matt raised in 
this latter and/or the Application. 

Sayyed • Mustafa Gillani 

Legal Counsel 

NBT Wind Power Pakistan III (Pvt.) Limited 

St•eet 5th Aven•e. Bock 5, Kehkashari Clifton. Kdh.p.l)i 	 't 92.21.35370353 6 Fax:.  92.2 



NBT Wind Power Pakistan III (Pvt) Limited.

1. Text of the proposed Illodificatioll.

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

The following is the proposed modification in the text of the Table given 011 page - 10 of Schedule I
Part (B) and (C).

(B). Wind Farm Capacity & Configuration

.... - .._. _.__ .- -- -_ ..... _ .. _._- _ .. _-_ ...._--------- ------------ --_ .._---- .._---_----_._._- ---

Wind Farm Capa~it~, '-~ Contig~II~:~ti()lI___ _. . .

(i) Wind Turbine Type,
Make & Model

Number of Willd
Turbine Ullits/Size

_.. . __ . (~L~~!~.I~I}nit (K »"2..

(i i i)

Installed Capacity
of Wind Farm

_ ___t~!Y_)____ ._

CCl. Wind TurhiIu' Details

(:I). Rotor

(i i i)

(i)

Power regular ion

N umber of blades

(i i) Rotor speed

Rotor diameter

(iv) Swept area

(v)

Data to be deleted.. -- ----

General Electric «(I.L.) 1.6 --
X2.SI1l

249.6 MW

15() x 1.60 MW

------------------

Garnesa G97

250 MW

125x 2.0MW

3

Data to be deleted Replaced with

3

9.X -- IIU rpm

!C.5 III

5146 1112

Comhinat ion 0[' blade pitch
angle adjustment, and

9~ 19rpIII

97111

7389.gIllJ

Pitch control and variable



..-----,------ ..--------,---------------,-----:----------------,
generator / converter torque speed.
control.

1-----+-·-----------~--------~-----~--------------_4
Cut-in wind speed 3 m/s 3111/5(vi)

(vii)

(ix) Hydraul ic

Cut-out wind speed
---.---.---.----.----1-------- ----j

25 J1I/s 25m/s

.._----_ ...- ----_._--_._----_. -_._.__ .._ .._-_._-------- ----_.__ ._----
(h). B1adl~s

----- .---.....,. -------------.--.~---__,,_-.---._,_-----i
(viii) Survival wind speed 40 I11ls, 3s average (40 m/s, 37.51ll/s(IOlllin)

1oIIIin ave; 56 m/s, 3s ave)
-----1----_ .._---_. -------------- .-----------------

Pitch regulation Electric motor drives a ring
gear mounted to the inner
race of the blade pitch
bonring.

(c). (;carhnx

47.5111
.._--------------j

(ii) Gear ratio 1:107,1 1:106.8

(i) Blade length

(iii) Main shan bearing Roller bearing mounted in a 2 spherical roller bearings
pillow-block housing
arrangement.

40.3 111 (GE has not yet
defined what the blade
variant wi II be for til is
projcct.)

(i i)
._---_ .... ,-_ .._---- .._._._-_._ .. , -,,----,-_._ .._._._------- '------:._--_._-----
Material Fiberglass polyester resin Class fiber reinforced with

epoxy

..-..-----, ..-- ------.-.-.-, --.- -------- --,,--.-- --- -.,-.---.- ------- ..-----.- --~------4
(i) Type M lilt i-stagc planetary/he! ica I I stage planetary and

gear design 2parallel

(d). Gl'lll'l"ator

(i)

10.95 to -0.95

_ ... _._"--'---"_ - _.....

l.nclosurc class

"

690 Y

Power 1 ,(JOO kW

(i i i)

(ii) Voltage

Type
.- -- ... _- ....- ..... _ .._"

Doubly-fed induction type

(iv)

(v)

(vi)

._--- -- - ,-.-.-~----
Flex ihlc coupl ing

-
( 'oupling

(c). Yaw System

(ii) Brake

(i)
-_.__ ._----_._._..... ..._-----_.--_._ -_._--_. -- .. -._.__ ._- _ ..._, ..

Yaw bearing, Roller bearing
.-. -- -.-_-- ..' __ -. . ----,

Planetary yaw drives (with
brakes that cllgagc when the
drive is disabled)

2070kW

690Y

DFIG

11>54

Flexible coupl iug

-0.95-10.95

-_ .._---_ ._--------_---_. --_,-_._-----
Friction bearings

5 Active brake



•

Ei) Yaw drive -- 4 planetary yaw drives r--- 4x2.5Kw 1110tors

v) Speed 0.5 degree/s 0.42Dcgree/s; I turn every
IS min

------'---------- --------------- ---- ------'

,--------------_ ..-._---------------------
(I). Contnll System

1---_._--,-----------
Type(i) Automatic or manually

controlled.
------ ----. ------------- --------------.------ ---------------1

SCOpl!ofmonitoring Remote monitoring or Wind speed data, pitch
different parameters, e.g. control, yaw control, internal

(i i)

(i ii)

(g). Brake

(i)

(i i)

(i i i)

(h). Tower

(i) Type

(ii) l Iuh heights

Recording

Design

Operational brake

Secondary brake

---------------1
PLC

temperature sensors, pitch temperature control, remote
parameters, speed, generator control
torque, wind speed and
direction, etc,

Three independent systems,
fail sail: (individual pitch)

WTC; operation data

---------------

----------- ._--- ---------- .. --.........----- --- ..-----------_ ....._---------- .. --- ..--. --------------_._--
Product ion data, event list,
long and short-term trends

Aerodynamic brake and
Mechanical brake

Aerodynamic brake achieved Aerodynamic brake
by feathering blades

Mechanical brake on (high
speed) shan or gearbox

Tubular steel tower

XO III

Mechanical brake ill Iligh
speed shaft

Trun k-con ica I til bul ..r

78111



2. Statcment of "casoll ill support of llI()dific~ltioll

NBT WIND POWER PAKISTAN [II (Pvt) Ltd (NBT III) is submitting this Application in order to
cater to feasibility of the Project. Combined with NIH WIND POWER PAKISTAN II (Pvt) Ltd
(NIH II) the total amount or Wind Turbine Generators (WTG) to be delivered is of such a large
quantity, that NBT III fears that one single manufacturer would haw constraints on delivering them
fill" both projects in a manner that would enable both NBT II and NBT HI to achieve Commercial
Operations Date within the time lines stipulated in NEPRA~ Tariff" Determination. In order to achieve
these timclincs NIH III is requesting a change in the Generation License from GE 1.6 to Gamesa G97
WT(Js

3. StatcJll('IIt nil the Im[lact orthe tariff, quality ofscryi('c .. IIt1I)erfonllallcc hy the licClls('c of its
ohligatio" II"tier til(' licellsl'

Then: will be 110 impact Oil the tariffby reason of acceptance ofthis application. NBT WIND
POWLR PAKISTAN III (Pvt) Ltd was awarded the uplront tariff it's 250MW project by NEPRA and
the licensee proposed modification has Ill) direct impact, Ill)!' allY indirect impact on the tariff.

There will be no impact Oil the quality ofservice by reason olacccptancc ofthis application

There will he a minor improvement ill the performance of the wind Ian» by reason olthix application
as the total installed capacity will increase from 24().(l to 250MW.
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3. Ll CIMENTACIONES GtlX "", .. " "' " .. " .. ".", ""', .. ,,", ,, ,,, .. ,.," "" " 17
3,1'1 ANCHORAGE RING " "'" " , " ,"" " ,, " " 17

RECORD OF CHANGES

Rev. Date Author Description

1
1----- --. -------- . -

0 11/01/12 TGARCIA Initial version-_. ---
1 20/02/12 TGARCIA Foundations info added

---------- 0-- ___ •

I2 27/06/12 TGARCIA Nacelle weights and LM blades dimensions updated
____ • ' __ ,______ ,.,_.,, __ ._~_. __ o __ , _______ • _____

Compass Transworld logistiCS, SA

------------------- -- ------ ---
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1 PURPOSE

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

The purpose of this document is to define for holst and transport process:

Dimensions
Weight
Interfaces (hoisting & support zones)

2 SCOPE

The scope is for all componets GAMESAtransported by en of G9X series.

3 DESCRIPTION

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

Compass Transworld Logistics, S.A.



Revision: 2.1

3.1 NACELLE G9X + TRANSPORT RING

The Nacelle G8X is always assembled with transport ring (GPOI0273).

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

j

'-

0 a
CDbJ a
..q-

I l .1
2071 2800 4524 I 2274

I
10446 3505

·1

DIMENSIONS: 10446 x 3505 x 4060 mm
WEIGHT (kg)

NACELLE G8X CONFIGURATIONS Nacelle T.Ring
FULL 71332,638 ! 72832,638I WITH9UT TRAFO 65780,866 67280,866
WITHOUT GENERATOR 64726,635 66226,635 I

WITHOUT TRAFO & CONVERTER 63980,862 I 65480,862 I
WITHOUT TRAFO, CONVERTER & GENERATOR 57374,859 58874,859

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

Compass Transworld Logistics, SA



3.2 NACELLE G9X + TRANSPORT RING + CATAMARANS

nu
4500 3674

','

10446
. I

WEIGHT (kg)
NACELLE G8X CONFIGURATIONS Nacelle T.Ring+Cat.
FULL 71332,638 73652,638
WITHOUT TRAFO 65780,866 68100,866
Wm--lOUT GENERATOR 64726,635· 67046,635
WITHOUT TRAFO & CONVERTER 63980,862 66300,862
WITHOUTTRAFO, CONVERTER & GENERATOR 57374,859 59694,859

1666
: I

2266

CompassTransworld logistics, S.A.

3505

DIMENSIONS: 10446 x 3505 x 4360 mm

TOOLKIT CODE Transport ring: GP11SZ64/ GP12815Z (Hybrid)
catamaran: GP022319

TOOLKIT WEIGHT Transport ring: 1500 Kg
2 catamarans: 820 Kg
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Revision. 2.1

3.3 NACELLEG9X+ TRANSPORT RING+ CHINESE CATAMARANS

1_ 1 71 0 -1

2290
10446

3505

WEIGHT1~
NACELLE G8X CONFIGURATIONS Nacelle T.Ril'!9_+Chinese cat
FULL 71332,638 74332,638
WITHOUT TRAFO 65780,866 68780,866
WITHOUT GENERATOR 64726,635 67726,63S

I WITHOUT TRAFO & CONVERTER
--_ .. --

66980,86263980,862
WITHOUT TRAFO, CONVERTER & GENERATOR 57374,859 60374,859

DH·1ENSIONS: 10446 x 3505 x 4360 mm

TOOLKIT CODE Transport ring: GP118264 / GP1281 52 (Hybrid)
TOOLKIT WEIGHT Transport ring: 1500 Kg

2 Catamarans: 1410 Kg

Compass Transworld Logistics, SA



3505 I
WEIGHT (kg)

: NACEllE G8X CONFIGURATIONS Nacelle T.Ring+ T.Platform
i FULL 71332,638 82832,638
i 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.

3.4 NACELLEG9X + TRANSPORT RING + TRANSPORT PLATFORM

I
L

o
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



3.5 HIGH TEMPERATURE MODULE G9X

4165
3674

DHVlENSImJS: 4165 x 3674 x 1408 mm
Vv'EIGHT: 1700 Kg

cor·1PONENT WEIGHT: 1000 Kg

TOOLKIT CODEL: GP102206
TOOLKIT VvEIGHT: 700 Kg

STACKING DIMENSION:

1 .A.LTURA: 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

I

\

;;
I ~i : I

',!

"i.:~-:

III

\
, '

~\
\

3983

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

COr"1PONENT WEIGHT: 24000 Kg
REFERENCE DOCU~ENT: GD061947

TOOLKIT CODE: GPOI0359
TOOLKIT WEIGHT: 1850 Kg

Compass Transworld Logistics, SA
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3.7 ROTOR G9X NOSE CONE

§ /
/

_L L._----,..-_---...>\
DIMENSIONS: 2372 x 2372 x 1270 mm

cm·1PONENT WEIGHT: 137 Kg

REFERENCE DOCUI\1ENT: GD061955

Compass Transworld Logistics, S.A.
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3.8 BLADE G97

HOISTING s: SUPPORT HOISTING & S0PPORT

/
/

.I
j

/ .'r I

is ::::>

111 000
12300

31000 i
-I

I34000
-II·

47500

DIMENSIONS: 47500 x 3461 x 1880 mm REFERENCE DOCUf'.1ENT: GP114538

WEIGHT: 7200 Kg

COG: 12300 mm

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

HOISTING & SUPPORT ZONE 2 (from root): 31000 - 34000 mm
Compass Transworld Logistics, SA
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I

~~~~--------------------~-------I~--------------------I~----~
.I

3.9 BLADE G97 + TRANSPORT TOOLKIT

35665

ReVISIon: 2.1

I
47635I

ROAD TRANSPORT
WITHOUT STACKING MODULE

co
~
l.()

C\J

3387

2500

WEIGHT: 9600 Kg

HARmHE TRANSPORT
STACKING

2500

co
~
LO
C\J

DHVlENSIONS: 47650 X 3390 X 2550 mm

COMPONENT WEIGHT: 7200 Kg

TOOLKIT WEIGHT Root support:
Tip support+c1amp:
Stacking module:

800 Kg
1600 Kg
SSOkg

3387

TOOLKIT CODE: GD112090

WEIGHT: 10700 Kg

Compass Transworld Logistics, SA
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3.10 BLADE G97 GF + STORAGE & ROAD TRANSPORT TOOLKIT

--- --- ----- ,>

15722

f ~ -------------
-f--_. - - - -- - - - -. - - - - - - - - - - - - - -~ --

I
36000

I
!
i,-------- 47600

DIfvlENSIONS: 47600 x 2700 x 2930 mm
WEIGHT: 8550 Kg

COf'.1PONENT WEIGHT: 8000 Kg

TOOLKIT WEIGHT Root support: 220 Kg
Tip support: 330 Kg

2178

2700 Compass Transworld Logistics, S.A.



Q
3.11 PALA G97 GF + STORAGE & MARITJME TRANSPORT TOOLKIT

16429

t---------------I
- __

------

----------

36000

ReVISIon.' 2.1

47800

Max. Stacking high 3 frames

o
CD
CD
0J

'r"

01oi
LO :=1(,..J

CDI

i I"·
I

i I

I !
_L__[_

II
7416
7754

2438

2776

INDIVIDUAL DIMENSIONS:3160 x 2880 x 47800 mm
WEIGHT: 10100 Kg

STACKING DIMENSIONS: 7754 x 8110 x 47800 mm

COMPONENT WEIGHT: 8000 Kg

TOOLKIT WEIGHT Root support: 800 Kg
Tip support: 1300 Kg

Compass Transworld Logistics, S.A.
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3.12 TOWER SECTION

c:::!
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r: hl0
LENGHT
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G9X

SECTION 2

78.3M

TXllSC2018 SX05C0002 GP 117890

Revision: 2.1

SECTION 1

HEIGHT WIND CLASS TOWER SECTION ASSEMBLY W (Kg) L 0 0
CODE (mm) LOW. UPP.

G8X T 128 AGUJEROS 501tz 230V + G97 TX05C2015 SX05COOOl GPI17889-- -- -_
G8X T 128 AGUJEROS 501ll nov + G97 + He TX05C2011 GP123036

(~8X T 128 AGUJEI<OS SOliz nov + G97 + no TX05C2018 SXO~;COOOI GP117889

C8X T 128 AGUJfROS ~()HI nov .~G97 + HUIII) TX05C2019 GP123036

G8X T 128 AGUJEROS GOltl 120V + G97 TX06C2015 SX06COO09 GP122400.._
59850 18795 4000 376678.3M G8X T 128 AGUJEROS 60llz 120V + G97 + He TX06C2017 GP123377

..-- ---- (0+2%) (±50) (±5) (±2)
G8X r 128 AGlJJEROS 60llz 120V + G97 + liD TX06C2018 GP122395
f---.
G8X T 128 AGUJEROS 60HL 120V + G97 + HC+HD TX06C2019 GP123377

TOWER G9X SOftl -300C»+45 03 T09X05COJ SXOSCOO09 GP157787

TOWER G9X GOltZ -300e>:;. +45 T09X06C05 S09X06COO GP1S7786

lOWER G9X 60111 -30"(::. > 14.[, TXOljC2017 SX06COO14 GP123387

G8X T 148 AGUJLRDS )Ollz nov -l- G9! rX05C2016 SXOSCOO07 GP120976-~--------.------._----- .. '_-. -._---- '--_.- _-.--- ... _".-.-"._-- -_- .__ ._ ..__ .-----_ .. ------- ,-.__ ._----_._-
G8X T 148 AGUJFROS [iOliz ;>:lOV -I G97 + IIC TX05C2020 GP123463._--_._--_._---'-_- ._.,,----- _.

C;8X T 148 AGIJJEROS 50llz nov -I G97 + ItO TX05C2021 GP120966._----
G8X r 148 AGUJEHOS SOIll nov + CJ9! + IIC+IID TX05C2022 GP123463 64800 15795 4270 399790M _. .-
G8X T 148 AGUJFHOS GOIII UOV + G97 TX06C2016 SX06COOOI GP116~~ (0+2%) (±SO) (±5) (±2)

..-.
GBX 1 1'18 AGUJI.HOS 60111 170V + G97 .. lie rxOGC2020 GP123524- ._--_. -------.---
UlX T 1·18AGUJER(]S (iOlll UI.lV I (;97 + liD TX06U021 GPI16650
-- --- ---. ---_ .._._-- . --
LUX I 148 AGlJJUlOS GOllz lJOV -t- U)I -I IICII II) TX06C2022 GPI23524

WIND CLASS TOWER SECTION ASSEMBLY W (Kg) L 0 0
CODE (mm) LOW. UPP.

63110 28500 3766 2923
(0+2%) (±50) (±2) (±2)

51560 15610 3997
(0-1 2 [\'u) (±50) (±2)

Compass Transworld Loqtstics, S.A.

3766
(±2)

HEIGHT

(~SX I 128 AGUJl:ROS SOliz nov I G91 lX05C2015 SX05C0002 GP117890

TXOSC2017 GP123045C8X -I 128 AGUJLROS sou. nov I- WI I lie
~--------------------------csx 1 128 AGlJJt·ROS ':.0111 nov 1 G97 + liD

C;SXT 128 AGUJl:I<OS ':.Ulll 230V I (HI, IIC! ltD 1 X05C2019 GP123045
- _.--_._------_._._._-_.---------- -_.- --_._ .. --_._- --
(iHX I 128 ACiUJU<US GOill 121lV I (;<11 lX06(2015 SX06C0203 GPII7203_._------------_.._--------_ ..- .-------+------+-----~
(;BX I 178 AGUJIW)S (iOlll I)OV + em t IIC rX06C20lJ GI'123378

..--. -- -_._-,--------_ ..._------------_._---_. _._-_._-_._- ----
GHX T 128 A(jlJJlJiOS 60lll 120V + (;<)1 + HD rX06C2018 GP116659
------------.-- ------.----- ..--t-------
ljHX I 128 AGUJIROS GOlll 12()V I G91 I lie! III) TX06C2019 GP1233/8

IOWeli G'.lX )OIlZ -]()"C» +4S OJ T09X05C03 SX05CO002 GP117890

Iowr« (j9X 601lZ -30uC> > ! 4'1 T09X06CO,> SX06C0203 GP 117203

rOWER G9X 60llZ -30°(>:'145 TX()6C2017 SX06C0015 GP123388

LitlX I 14tl AGUJLROS SUIII nov + (j91 TX05UOl6 SX05C0008 GP120977---------------------------- -------1------ -.----
GHX 1 148 AGLJJFlm~~ ';0111 nov I (;91 -I lie TX05C2020 GP123464

.. --.-.-.--.-- .._----_ ...__ ....

90M

CflX T 141!AGUJEHOS 5011, ;UOV + (;<)7 I no TXO~iC2021 GI'120967
- --------------.----------- ....-- f-.------.---- .. -----.--
t;flX T 148 A(jUlfROS sou, nov + G<:JI + IIC+liD n05C2022 GP123464-- --.-----.-.--.---.----.- _ ...-----..-.---t----+--.--- ..----.
C;SX I 148 AGlJJUU)S 6()"~ 120V -I G9! TX06C2016 SX06C0002 CJP117(]17--- ---------------.-------- .------.-.---..---_._-1--------
CitlX I 1'18 AGUJIRClS liOlll 120V -I G97 + IIC 1X06C2020 CJI'123528-----_.- ----- ----.--

TXOGC2021 GP116653-------- ----_._-+-------CHX -I 148 AGUJEROS (iOIII 120V t G'J7 1 Ill)

(;~lX I 148 AGllJEROS (illI II 120V t G'J7 I I let uo IX06C2022 GP123528
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SECTION 3

HEIGHT WIND CLASS TOWER SECTION ASSEMBLY W (Kg) L 0 0
CODE (mm) LOW. UPP.

GaX T 128 AGUJEROS ~Otll nov + G97 TX05C2015 5X05COO03 GP1l7891
" ..--~--.------.-----.-------------.- ----- ---.-_ .._--
G8X T 128 AGUJEROS 5UHz 230V + G97 + He TX05C2017 GP123052--
G8X T 128 AGUJEROS SOHl nov -I G97 + uo TX05C2018 5X05COO03 GP117891------
G8X T 128 AGUJEROS 50Hz 230V + G97 + uc-uo rX05C2019 GP123052

G8X T 128 AGUJEROS 60Hl 12UV -I G97 TX06C2015 5X06C0304 GPII7205-- 39790 28500 2923 232278.3M C;SXT 128 AGUJERD5 60111 120V + (;97 + HC TX06C2017 GP123381
(0+2%) (±50) (±2) (±2)

Ci8X T 128 AGUJER05 GOllz 120V + G97 + HD TX06C2018 GP1l6675-_
G8X T 128 AGUJER05 6()lIl 1l0V + G97 + 11(+ uo TX06C2019 GP123381

TOWER G9X 50HZ -300e» 145 03 T09X05C03 5X05COO03 GI-'117891

lOWER G9X 60111 -30°(»+45 T09X06(05 509X06C02 GP191412

TOWER G9X 60HZ -300e> > +45 TX06C2017 5XO£,COOI6 GP123389

Ci8X r 148 AGUJEROS sou, zsov + G97 TXU5C2016 5X05COO07 GP 117890-_ ------
G8X T 148 AGUJEI,OS sou, nov t G97 1 IIC TX05C2020 GP 123045.._ .••.•..---_._------_-_ .....•.... _ .._ ...._ .._.--- ...... -'-'--~ .. '

-_ ...... _---_-, "-,, .... ._-_ ..__ .._ .._-_.- .-_"'--'-'-'---
G8X T 148 AGUJEROS 50Hz nov + G97 t liD TX05C2021 GP117876

(;8X T 148 AGUJEROS 50Hl nov + G97 + IIC+ I 10 TX05C2022 GP123045 63110 28500 3766 292390M -------------- 1------
cox I 148 AGUJlR05 bDHI 120V + G91 TX06C2016 5X06C0203 GPl11203 (0+2%) (±50) (±2) (±2)

-_- "-- ------1-----
G8X I 1'18 AGUJlROS GOlll 12()V 1 G97 + IIC: TX06C2020 GP123378.._-_.,,-_._------- ...... _ .. _- . ... _ .... _"'--_-"'---'_"" ..-"" _" ...•_- __ ..- ...... _ ,,_. -_.._ ...._--- .. - ._., __ ._-_.
Ci8X T 148 AGU1FROS liOI Il t:JOV I- G97 t III) TX06C2021 GP116659---
(iBX r 148 A()U.lLROS bOHz 12()V + (}J7 + IIC+I ID TX06C2022 GP123378

SECTION 4

HEIGHT WIND CLASS TOWER SECTION ASSEMBLY W (Kg) L 0 0
CODE (mm) LOW. UPP.-

CiHXT 1·18 AGUJEROS 50111 nov I G91 TXOSC2016 5X05COO03 GP 117891
C---_

GtlX T 148 AGUJEIWS SOliz nov + em + He TX05C2020 Gf'123052._--,.
Ci8X T 1-18 AGUJEROS ~;(Jillnov + OJ! + IIIl TX05C2021 GP117877-- _._.---- ----_ ---_-
CBX T 14!l AGUJEROS ~;l)IIz nov + G97 + IICI liD TXOSC2022 GP123052 39790 28500 2923 232290M - -,--_._, ------
G8X 1 1'18 AGU)[HOS bill If 120V I G97 TX06C2016 5X06C0304 GP 117205 (0+2%) (±50) (±2) (±2)

- ------- 1------
csx I 148 AGUJCR05 601 II 120V 1 G9! + IIC TX06C2020 GP123381-- ---- ---'--'--_ 1----- --,_---
GBX 1 1'18 ACiUJFHOS 6011, 1}0V I G97 I- III) TX06C2021 GP 116675------- _" ------,,_-- ----- ---
Ci!lX T 148 AGUJUWS (J()HL 12UV + G'J7 + II(IIiD TX06C2022 GPI233Bl

*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, 5A
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IF CODE CODE WEIGHT
DIMENSIONS

o MAX HIGH
IFOOSOO14 GP111396 12721 4175 2125

IFOOSOO16 GP111401 17802 4500 2385
IFOOS0052 GP105936 12106 4190 2115
IFOOD0086 GP084256 12175 4450 2145

IFOOS0085 GP084252 14744 4450 2025
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,. NOTE 1: The bolts never protrudes of inferior flange. Inferior flange have the maximum diameter.

Reference documents: GP1l1401, GP111396.
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DIMENSIONS: 1315 x 1315 x 560 mm
WEIGHT: 2183 Kg

REFERENCE DOCUMENT: GP017448
Compass Transworld Logistics, S.A.



Gt.
Certification Report No.: 180800/11

Measllmment of power curve on a Gamesa G97-2.0 MW
at P.E. Las Balsas - Sierra de Alaiz 1+0

Wind Turbine:
Type: " .. ,' ,..
Manufacturer: ,......
Hub height (including foundation):
Rated power:
F~ated wind speed:

G97-2,0 MW, 50 Hz
......... Gamesa

78 III
,,2000 kW

10.5 rn/s

Order number .. ,622 11 038 '1 252
Rotor diameter: ", .. ",97 m
Rotor speed ranqe: ... 9031-17,790 rpm
Generator speed ran~Je: , .... 1680/1050-1900 rpm
Blade anqle: """ .... , '" ",,' Variable

Measurements:
The measurements were carried out accorciing to lEe 61 tlOO 12·1 "Wine! turbines - Purl 12-1: [)ower performance
measurements of electricity proclucing wind turbines",

Deviations or restriction to lEG 61400-12-1:
The provision of the sensors in tile meteoroloaicol mast has not been done by WINTEST but by accredited
laboratory CENER
Tile site calibration was not performed by WINDTEST but by accredited laboratory CENEf~ (report:
82145078SCH)
Following facts have not been measured by WINDTEST but delivered by the manufacturer: tile swept area of the
rotor, the hub height, tile serial number of the turbine.
The electric grid conditions arc 110tdocumented in the Iinal report.

Scope of measurements:
- period: 20'11-10-18 to 2011-12-22, site calibration 2009-12-:10 10 2010-0602

evaluated wind direction sector: [ 325" .. 2!)" 1
wind speed mCHSLlIT!Il1CI1I!; were carried Otlt Wltl1 :111ancmornctcr at hub height (713.6 m).
accuracy of anemometer calibration: .to.1 rllh; (Vector ..A·1 OOLl<-F'C:3)
winr: speed normalised to ref(-)I'ence :lir density I':':: 1,220 kUlin' (accuracy to 25%)
accuracy of the power transducers ~:O,5% related to ,1 ranqe of 3585.35 kW

Tho complete procedure is documented in the report no. 180780/11 .
......~..- -..--........ . - ~. ' ..--

Power Clli ve accordinq to lEe. Camesa c;<;n 2,0 MW
Reference ell!' density I'air ,,: 1.225 kulrn:l
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MEASURED POWER CURVE: Gamusu (;97-2.0 MW

".- ~-....•.. -.-.--- --..-.-.-----~~---------,.----
Reference air density: 1.225 kgllll'

Cut-out wino speed: 25 m/s- - --_. --- ..._ ..
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References to G83 deleted. WINDNf:I updated. Inclusion
of 35 kV transformer. HT and LT versions deleted. General
document review.
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1 DESCRIPTION OF GAMESA-2.0 MW WIND TURBINES (MODELS GSO-2.0 MW,
G87-2.0 MW AND G90-2.0 MW)

I
I

/

/

/

I
J

/
/

h /

... ,

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.

Tile 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).
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1.1 NACELLEDESCRIPTION
,I.- -.

, c,

'. '.' '~.

-,

""--- 7

2

9
08X -ooo- 32-00-00-12002 -A-OO-J

Position Name
._--, .._,- --- ....--.----._-.-
1 Cover
----- -_._-_ .._-------
2 Frame

3 Main shaft
-_---

4 Gearbox
--

5 Yaw system
- --

6 r"-1echanical brake

1 Hydraulic unit

8 Generator

9 Transformer

10 Electrical cabinets

Figure 2: Main components of the nacelle

1.1.1 Cover

The cover protects the wind turbine components within the nacelle from exposure to meteorological 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 carry out wind turbine maintenance operations.
The cover has three hatchways:

• Hatchway giving access to tile 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.
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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 GBO-2.0 MW, GB7-2.0 MW and G90-2.0 r-1W) 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 forrned 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 will 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.

1.1.3 Mainshaft

The motor torque produced by tile 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 tile hydraulic hoses and
control cables for the pitch control system.

The support of the main shaft on 2 bearings offers significant structural advantages. All 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.

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 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 urn, 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 failure during operation and guarantee product quality.

1.1.5 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 UPS 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, vahdatlnq 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 hvdrauiicallv activated disc brake, which is mounted on tile 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 tile 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 grid.

The generator is protected against short-circuits and overloads. Tile 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 voltage options between 6.6 kV and
35 kV, different apparent power ranges and is particularly designed 70r wind energy applications. It is
located in the rear section of the nacelle in a compartment separated by a metal 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 tile 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., monitoring wind, changjng 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.

GENERAL CHARACTERISTICS MANUAL
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2. GROUND electrical cabinet located at the tower's base. From tile 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.

Figure 3: Examples of touch screen
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1.2 ROTOR

The rotor of the Gamesa-2.0 MW platform wind turbines (models G30-2.0 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 20

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 gOm.

Position Name
-

1 Blade

2 Pitch control system

3 Hub

4 Cone

5 Blade bearing

6 Electrical cabinet._--

7 Lightning
transmission system

Figure 4: Complete wind turbine

1.2.1 Blades

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 increasinq 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 tile whole length of tile blade, thus maximizing energy production and
reducing loads and noise emissions.
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Blade lengths are 39m (GSO-2.0 MW), 42.Sm (G87-2.0 MW) and 44m (G90-2.0 MW). The distance from
the blade root to the hub center is 1m in 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 jornts. It has an opening at tile 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.

1.2.4 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 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 a system of accumulators which ensure feathering in the event of an emergency.

The pitch control system acts according to the following setting:

• 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 tile 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.

TIle 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 tile tower height. It is supplied with the corresponding platforms, ladders and
emergency lighting.

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

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

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 most suitable foundation is selected.

1.4 CONTROLSYSTEM

TIle wind turbine functions are controlled in real time by a PLC-basedsystem (Programable LogiCController).
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-I) Pitcl) control adjustment

At wind speeds above the nominal speed, the control system and pitch control system keep the power at its
rated value. At wind speeds below the rated speed, the variable pltcf 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 alwavs 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 +quadrant IGBT-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.

TIle 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 tile reactive power
evacuated in collaboration with the Gamesa Windnet® remote control system.
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B) Monitoring 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.

• 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 (models 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 simultaneously manage and process the
information from up to 8 accelerometers, which are located at strategic pornts on the turbi ne, 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 PLCand Gamesa WindNet® wind farm grids

• Easy 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

• Accessto markets with strict regulations, such as the Germanischer Lloyds certification

• Reduction in Insurance company rates

1.6 GAMESAWINDNEr® 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 tile 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 availability reports: Gamesa Report Generator.

• Send status messages and alarms to a cell phone using SMStext messaging.

• Integrate the reactive power compensation equipment (STATCOMand 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 throuqh any device with a
browser and Internet connection.

The Gamesa WlndNet® 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 control module.
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Figure 5: Example of a Wind Net('9screen accessed via the Web

1.7 SENSORS

Wind turbines of the Gamesa-2.0 MW platform (models GSO-2.0 MW, GS7-2.0 MW and G90-2.0 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 tile 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.S LIGHTNING PROTECTION SYSTEM

Wind turbines of the Gamesa-2.0 MW platform (models GSO-2.0 MW, GS7-2.0 MW and G90-2.0 MW)
are protected against lightning by a transmission system that runs from the blade and nacelle receptors
throuqh the cover, frame and tower to tile foundation. This system prevents the passage of lightning
throuqh components which are sensitive to these discharges. The electrical system also has additional
overvoltage protection.

All these protection systems are desiqned to obtain a maximum protection level Class I in accordance with
standard lEC 62305. IEC 61400-24 and IEC61024 are considered reference standards.

P~"'llCOl} I 11 I



1:-: \~I.:~~. I Code: GDOO5900-en Rev: 11··'iA
(.)): GENERAL CHARACTERISTICS MANUAL -.~~.!~., 1Date: 11/07/2013 Page 15 of24

Title: Characteristics and general descrlptlon of the Gamesa 2.0 MW wind turbine platform

2 GRID CONNECTION AND SITE

2.1 GRID CONNECTION

All models of the Gamesa-2.0 MW platform (models G80-2.0 MW, G87-2.0 MW and G90-2.0 MW) are
available in versions capable of operating in 50Hz and 60Hz grids.

Tile 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 ill 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 lEe 62305. The pass-through and contact currents
must comply with standards lEe 60478-1 and lEe 61936-1. Local regulaticns shall take precedence where
these are more restrictive than tile above international standards.

The grid voltage specified for Gamesa-2.0 MW wind turbines (models G80-2.0 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 temperatures between -200C and +30°(,
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.

Tile 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 ISO 12944-2,
shown in the following table:

COMPONENTS EXTERNAL INTERIOR

Tower CS-I/H D/H._-------- -------- ._--_- ----.-----~-----
Nacelle-Rotor C4/H or CS/H [I] C2/H or C3/H [1]

Table 1. Degrees of protection against corrosion
r I] According to components.

Gamesa has product versions designed specially for corrosive environments.

2.3 WIND CONDITIONS

Tile annual wind distribution for a site is normally specified by a We/bull 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
tile parameter that quantifies the instant variations in wind speed.

PSP-flCOI.-' tD.1
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The design conditions of tile Gamesa-2.0 MW platform (models GSO-2.0 MW, GS7-2.a MW and
G90-2.0 MW) according to these parameters are indicated below:

Standard IEC DIBt

Class IA IIA IlIA wzn WZ III

Hub height (m) 60 67 78 100 60 67 78

Averageannual wind speed 10 8,5 7.5 5,9 6/6,7 6,2/6,9 6,4/7,2 8.3 8,4 8.6
(m/s) [1]

Turbulence intensity 115 (%) 16 20 20/ 18/ 18 20

Reference 10-minute wind 50 42.5 37.5 36,8 37.4 3B.3 39.9 42,6 ·13.4 44,5speedin 50 years (mts)

Extreme wind speed In
50 yearsover a 3-second 70 59,5 52,5 48.2 48.8 49,6 51 55,8 S6.5 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 II wind speed
(rn/s) 6,7 (height 67 rn), 6,9 (height 78 m) and 7,2 (height 100 m)].March 2004 (average annual wind speed (m/«) 6,7 (heiqht
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 a 3 second average, Marcil 2004,
the speed 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, tile 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 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 tile average wind speed is fairly low.

Turbulence intensity (I) is the quotient of tile standard deviation of the wi nd speed from the average
measured or estimated speed (See lEe 61400-13). Turbulence intensity I15 is used as a charactertstic 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 topoqraphv 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 assessthe 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 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.

• 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 [11 DIBt [2]
--- ---- ----

Class IA IIA lIlA WZII WZ III

Hub height (m) 60 67 78 60 67 78 100 67 78 100 60 67 78 100 60 67 78

G80-2.0 MW ../ ../ ../ ../ ../ ../ ../

G87-2.0 MW ../ ../ ../ ../ ../ ../-_ -- --- --~--- -~-.-.--- --- -- -- - ---_-- 1-----

G90-2.0 MW ../ ../ ../ -/ ../ ../ ../ ../ ../

Table 3. Product certifications table

III Certificate in accordance with standard IEC 61400-1 Ed. 2 and with the regulations of Gcrmeniscbcr Lloyd (Gl Wind) 2003
Ed., 2001 supplement

l2J For the Gtl7/G90s In accordance with the standard DIBt March 2004 Ed. and with the re,)ulations of Germanischor Lloyd
(Gl Wind) 2003 Ed., 2004 supplement.

4 OPTIONS

4.1 EXTREMEENVIRONMENTAL CONDITIONS

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

4.2 VOLTAGEDROPS

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 Garnesa 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.O.12.3 of REE
and EON2003.

!>':>P-rte llllllU
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4.3 lOW-NOISE VERSIONS

Wind turbines of the Gamesa-2.0 MW platform (models G80-2.0 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 legislation.

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).

Gamesarequires the necessary information to correctly define tile switchqear 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 50Hz 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 witt-lin the
previously specified range.

4.7 SERVICE VOLTAGE

Models of tile Gamesa-2.0 MW platform (models G80-2.0 MW, GS7-2.0 MW and G90-2.0 MW) are
available in versions capable of operating with service voltage of nov or 120V as an option.

PSI' lH__'OII -u I
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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 GSO-2.0 MW, GS7-2.0 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 (m2) 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 \
fiberglass or carbon fiber. Different blade \Material models are available, manufactured solely
with fiberglass or carbon fiber, or a

\ \

combination of both. '\GSO-2.0 MW 39 \ ,
length (m) GS7-2.0 MW 42,5 \\G90-2.0 MW 44 ------~--,-,- \\Blade chord GSO-2.0 MW 3.36/0.48
(maximum/minimum) GS7-2.0 MW 3.36/0.013
(m) G90-2.0 MW 3.36/0.013 \ \

GSO-2.0 MW 18.74 \~Torsion (0) GS7-2.0 MW 15.74
G90-2.0 MW 15.74

5.3 COVER

,,'

Approx. "

10.6 x 3.4 x 3.6 , "
, _

dimensions (m) "
.,--:

-»....": .. "

"A <:» .»
.e

,--0, ," 1,,)1
l . )\\

Material Organic matrix composite reinforced with fiberglass / ' 1
" /j,. ',J

5.4 HUB

<r ,_

"~'"

Material Nodular cast iron Q
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5.5 MAIN SHAFT

'JCast shaft
~"

Type

'~~'~( ",,, ",, '. .,:'~." 'J

Shaft support Nodular cast iron " ):1/'
", .., ...~,-!../

5.6 FRONT FRAME

Material Nodular cast iron

5.7 YAW SYSTEM

Type Yaw ring with friction bearing

5.B TOWER

Type Conical barrel tube
"

\.j

Material Structural carbon steel

Surface Paintedtreatment

60
Hub height ----

67
(standard - --
options) (m) 78 ~./

------ -
100

J'SP JtCOlllO 1
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5.9 GEARBOX

Type 1 planetary stage/2 parallel stages

~-----------+------------------------------------

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

5.10 COUPLINGS

Main shaft Cone co!lar ~~\)~~" .,': !J
"'::':: /

.------~--.- _. ---_. __ -~~;]
High-speed . . :J" ,

. ," . \ : ("-

shaft Flexible coupling
~~~. i' ~?'"

~~~~y
(_" "

5.11 GENERATOR

Type Doubly-fed with coil rotor and slip rings " "\

I· ~-'Y
• I r .. \.

Nominal power 2070 (stator + rotor) (do?~ _. ;.;~(kW) , . ' ..'~.,- '''1
• > ". .

Voltage (Vac) 690 '~' ".."". r <'~' I' ....- ---.--.---.-----.------------.--~ ~< ' ."::;~.
Frequency (Hz) 50/60 . ~..~~~- ..

5.12 MECHANICAL BRAKE

Disc brakeType

1'9'1 ucurz u: 1
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5.13 HYDRAULIC UNIT

Operating
pressure (bar) 180 - 200

5.14 WIND SENSORS

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

Standard
configuration

1--------4----··---.-.·--·- ..- -..........-..- - .

Number 1 + 1

5.15 CONTROL UNIT

Frequency (Hz)
----- ...----~.--.--
Voltage (Vdc)

Sisteam A (Option A)
Phoenix Contact (Option 8)

CAN (Option A)
lnterbus (Option 8)Field buses

5.16 TRANSFORMER

Three-phase, dry-type encapsulatedType

Rated power Different options available._---- ."- .....- ..--~"....-.-~-.---_-._-".__ .._.
Voltage in .
mid-voltage

Frequency (Hz)

Different options available

Insulation class F or H

p~;!, Itt Ul) 10.1

- ._--_._--------------
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5.17 APPROXIMATE WEIGHTS

<--------,----,---,~acelle weight (t) 71 __j

Tower weight (t)

Rotor GSO-2.0 MW Ga7-2.0 MW~9Q-2.0 MW
-+------ --------- -_._--_----_.

Rotor weight (t) 41 41 I 41

IA Towers

60m

Flange
type

67rn Land T

Land T

60m

78m Land T

Land T

136

GSO-2.0 MW G87-2.a MW G90-2.0 MW

-- --------------------

----r------ -------- ----------------------------------------------

67m Land T 153 I 153
IIA towers I

I
78m L. and T 203

1--
203

._-' .... , ..... - _.- . .....__ ._- --

100m T 260 I 260 260
- .. "' .. " .... ,------- . .. _".,_." .. _.._.-_ ....... - -1---

67m Land T 153
........... _ ..._- •... _,

1-lIlA towers 78m Land T 203
"_"'--'---" - .....-- .... --_ ...•_._

I100m T 260

153
_._--_ "_,,, -~'...---'- -- ,_,,- ----

203

136

DIBt tower weight (t)

Towers
DIBt WZ III
towers

Towers
DIBt WZ II
towers

60m

67m

78m

60m

67m

78m

100m

Flange
type

L

L

L

L

L

L

T

- 1
GS7-2.0 MW I G90-2.0 MW

-------- ----------------- ---- ------------------ ------- - ----- --·-f ----.-- ---------------
I
1-

.J
I

203 -- -J____J;' - .... -- ~03
260 260----------~--------

G80-2,O MW

136

153

203

136

153

203

260

NOTES:

153153

TIle weights of the standard towers are included.
• These weights do not include tile mid-voltage switchgear and the GROUND electrical cabinet.

The 100m type 'T' flange is for GAMESAfoundations, the rer:laining type "T" flanges are for USA
foundations.
All weights are generic or approximate and may vary.

P~;'I'-l!.( ell (D_I



p~,p r«. U12 UJ.l

-,
',':'t Code: GDOO5900-en Rev: 11.~.:::}:-.

. ~""t' GENERAL CHARACTERISTICS MANUAL
v ,~4~~'~;'f Date: 11/07/2013 Page 24 of24

Title: Characteristics and general description of the Gamesa 2.0 MW wind turbine platform

6 GENERALRESTRICTIONS

• All data shown Is valid for conditions at sea level and standard air density.

• In periods of low wind speeds, an increase in power consumption for nacelle heating and
dehumidiflcatlon is to be expected.

• 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 - hiqh 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.

OJ 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, a certain period of time should
be allowed for heating before the wind turbine starts to operate.

• If there is a slope of more than 100 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 G80-2.0 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 tile parameters given for start up and stopping (temper atures, wind speeds, etc.) have an
assodated 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 modiflcatlons and updates to our products, Gamesa reserves the right to change the
specifications.
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fi(/C" G97 2MW 50/60 Hz Wind Turbine Power Curve

1 OBJECT

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 mIs, this is the value of the horizontal wind component at hub
Ileight averaged every 10 minutes

Power curve (CdP): This represents the variation in P depending on Ws, for the different INT
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 (Wilve)

Power coefficient CI,

Thrust coefficient C I

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 Calculationparametervalues for the G97 2MW wind turbinepowercurve

I(A rl C ('(I J A'{1t> (cn) [dlll;)11 !
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5 RESULTS

5.1. STANDARD POWER CURVE

Table 2 shows the electrical power [k~ according to horizontal wind speed [rnls] with respect to hub height
Ws [rnls] for different air densities [kg/m3

].

P [kW] Density [kglm3
]

f------~.
0.97 1.00 1.03 1.06 1.09 1.12 1.18Ws[mls] 1.225 0.94 1.15 1.21 1.24 1.27r---'--~ ----

103 14 9 9 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 3'd7 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 1757 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 [rn/s],
for different air densities [kg/m:l]
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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 Wave [m/s]. Values calculated for a standard density of 1,225
kg/m:l and 10% Turbulence Intensity.

---------,-----_ .._--_._.__ ._--------------

2500

2000

1500

-Dons,:y 1,22.1) kQJmJ
Il.

1000

500

o
7 9 11 13 15 17 19 21 23 25

Wind speed (m/s)
____ _ . .__ __l

3 5

Figure 1 G97 2.0MW VVTpowercurve for air density equal to 1.225 [I<gl rrr']

5.2. ANNUAL PRODUCTION.

Table 3 Annual production [MWtl] of the G97 2 MW WT celculated as a function of Wavo[m/s].
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5.3. CP AND CT CURVES

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

---------
Ws [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 0764

10 0.402 0.621
11 0.324 0.464
12 0.254 0.345
13 0.201 0.265
14 o 161 0.209
15 0.131 0169
16 0.108

I
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

I
0.054

23 0.031 0.044
24 0.023

I
0.035

25 0.017 0.028

Table 4: Values for C" and C1 for the G97 2MW wr

O<J

os

0.1

0.6 : _Cp'

-(;1

(H,

o. ]

0.7

0.1 ;

o
o 4 (j H 10 1) 11 Hi 18 )0 72 )4

Wind speed (m/s)

Figure 2 Cp and C1 curve values for the G97 2MW INT.
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Sustainable development

p.4 Innovative evolution.
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These are the greatchalienge~~~lngtoday's
society. In the areas of energy mil,pagement
arid power generation,'Gamesa'1s-t.a9<ling ;
these challenges by developingj~dmologies
that foster energy sUStainabllii¥ in a clean, .
efficient and profitable manner .... ' .

p.3 Economic progress and
sustainable development.

p. 5 Global capacity for
production, installation
and operation and
maintenance.

p.7 Versatility.

By harnessing the best and most modern
technologies in conjunction with its high
industrial potential, Gamesa conttnces to
improve the efficiency and capcltity of its
products and services by designing and
manufacturing of ever more advanced wind
turbines.

p.8 Discovering the
Gamesa 2.0 MW:

Advanto~es of the rEJ-J

021T'eSa 2.0 tv'iW platform
\12\'J features and
improvements.
Techn::a: snecificarions
and services.

. .

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 VEFtITAS

-------------------

TYPE CERTIFICATE

G97-2MW rsc IHA HH78&90m SO/60Hz

IEC TC-224901-0 2012-03-30
Type Certificate number nate of issue

Manufacturer:
GAMESA TECHNOLOGlC CORPORATION, S.A.
Parque Tecnologico de Bizkr,R"" Edificio 222
48170 Zamudio (Vizcaya) - SPAiN

Valid until: 2017-03-30

Conformity evaluation has been carried out according to lEe 61400-21.: 7.IHO "Wind Turbines - Part 22:
Conformity Testing and Certification". This certificate attests compliance with lEe 61400-1 cd. 2: 1999
and lEe 61400-22 concerning the design and manufacture.

Reference documents:
Design Basis Conformity Statement:
Design Evaluation Conformity Statement:
Type Test Conformity Statement:
Manufacturing Conformity Statement:
Final Evaluation Report:

n«: DB-22490 1-0
lEe DE-22490 1-2
u.c TT-22490 l-O
n«: MC-22490 1-0
PD-642249-: 2R6IEB-37 Rev 2

Wind Turbine speclflcatian:
IEC WT class: lilA. For further information sec Appendix 1 or this Certificate.

Date: 2012-03-30

11/' Z:/ l/ ,--. DANAK
___ ---j...::.hfistcr Erik~~~~______ PJIOORoa no 7031

Management Representative
net Norske Veritas, Danmark A/S

Project Manager
j)t~t Norske Veritas, Danmark A/S

DET NORSKiE VERn'iU;, DANMARK A./S

------------------------ ....



APPENDIX 1 - WIND TURBINE TYPE SPECIFiCATION

Other environmental conditions (where taken into account):
Air density: 1.225 kg/1:13

Normal and extreme temperature ranges: -10"C to +40°C
.zo-c to f50DC

DETNoRSKE VERITAS

DANMARKAIS

IECTC-224901-0
TYPE CERTIFICATE

General:
lEC WT class ace. to nsc 61400-1 cd. 2: 1999:
Rotor diameter:
Rated power:

Rated wind speed V r:
Hub heighus):
Operating wind speed range V in- V out:

Design life time:

Wind conditions:
Vr~r (hub height):
Vave (hub height):
lIs (Vhuh""'15 In/S) ace. to Il-C 61400-1 cd. 2: 1999:
Mean flow inclination:

Electrical network conditions:
Normal supply voltage and range:
Normal supply frequency and range:
Voltage imbalance:
Number of annual electrical network outages:

Relative humidity:
Solar radiation:
Description of lightning protection system:

Main components:
Blade type:

Gear hox type:

Generator type:

Tower type:

IIi A
97m
2000kW
(derated between 21 rn/s and 25 rn/s)
10.5 mJs
18m and 9Dm
3 m/s - 2S rn/s (100 sec average)
20 years

37.5 mJs
7.5 rnls
18"lf') (a _...2)
g deg

690 V ± 10%
5(l/GO Hz:1:- 2%
< 2'J1.J
20

95%
IGOO W/m2

Designed according to 11::C61024-1
and 1EC61400-24, Protection Level I

Pre-impregnated GFRP und CFRP
Gamesa 47.5 m
GE2000PI, C19N SOl fz and 6011z
Planetary/helical gear (3 stages)
1:1Q6.80@50Hz
1: 127.19@60Hz
Cantarey Reinosa S.A. CR 20
2040 kW@50Hz
207\) k\V@60Hz
Tubular Steel Tower

DET NOHSKK VERITAt), DA.NM/. ..RK A/S
<:ERT!~'!CATIONCARRI!':!)OI:T INTEUINH:AI. COOPERAHO:'l W!~·~!RIS(1l'!';:!'!OI'HI.1.A!lORATORY

Page 2 of 3



DET NORSKE VERITAS
DANNIARKNS
IEC TC-224901-0
TYPE CERTIFICATE

Service lift:
Crane:

Not present
Vicinay-Cernvisa, ARK 20 I - 800 kg

DEI' NO:USK7i<: VERlTAS, DANJ\'!.ARK.A/S
CEkTH·I<.:;\ TlO.'4 ('"'\klllt:tl {WT IN n:cm·m:A!. C(JOI'EIIA"fION WI I'll !tl!-;(~ i"-x~ IIiN,\I.I..AIlO:I.ATO:l\·
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We: G114 lIlA 2.0MW 50/50 Hz Wind Turbine Power Curve and noise emission level

1 AIM

This document presents the power curves and noise emission levels for the Wf G114 IlIA 2.0MW wind
turbine.

2 SCOPE

The values shown in this document are applicable to ail the existing configurations for the VIT
Gl14 IlIA 2.0MW, for standard operation mode and accordirg to tower height. Tonality is not considered.

3 DEFINITIONS AND ACRONYMS

WT: Wind turbine.

Power (P): Expressed in kW, this is the electric power obtained a:: 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 rn/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 accordance With the Ws for the different WT
operating modes.

Annual Output I Annual Energy Production (AEP): Expressed iil [MWh], it is the total eiectrical
energy produced in a 'NT during a one-year period, in accordance with a given CdP and a given wind
distribution.

Wind distribution: the Weibull distribution is used for different !<-tJistribution parameters and for
annual average wind speed values (Waye).

Wind speed WH! [m/s]: The wind speed value, measured iCc 10m above ground level.

Tower height (H): expressed in meters, is the tleight of the rotor u..:nl:re above ground lever.

Power coefficient: Cp

Thrust coefficient: CT

Noise level: The expected sound power level values, expressed in dB(/e,), represent the sound power
that the \'Iff emits at the height of the hub for a given wind speed. In accordance with the lEe
standard, the wind speed value (WlO) 10 m from the ground i5 used.

The noise levels shown in this document are average expected va'ues, called l.w in IEC-S1400-
14. To obtain the Lwd value, as defined in ;[(-61.400-14, ?l~ increase of 2 dO(A) shall be
considered over said Lw values. This increase depends en the typical deviation of the samples
being considered, and since no noise measurements exist for this turbine, the same values
obtained for G90 are used in this document.

d8(A): an A type frequenc.y filter is applied, in accordance '""itt, the IEe standard.
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4 DESCRIPTION

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

_~ated Power --------f-------.------.--====~~MW
Fr~~.£Y__ +----------------_._~Q-Ij~~QHl
Rotor Diameter 114 m_1
Angle of blade~ f------====RicTlc-<!.rif:~9.Clulation
Air density L___ _ 1 ~_~~ ka/rn

Table 1: Calculation parameter values for the G 114 ill,~,2.0r-.~\'Vpower curve.

s 0.31

<;6) (O.73vl+S.6) I
_-_ .~ TI, <:: :. n·" I

'I,

£I£x ac_cort!i!2(iu)iEC~,l:~~~1~2;:1

± 0.5 HJ

Table 2 Validity ranges of Power Curves for the Gl14 2.0r'lW CIlIA wind turbine power curve.

Wind Shear (t Omln averaoe)

Turbulence Intensity TI [%J far bin I :>% (O.'l5v1-i- ~

v,

Terrain Noi com
Upflaw B [21 -.-
Grid fr~ncy [Hz]

/(:.1- TtC-J01-ROri (c'\) t-dll:Ir..)1/ ~
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5 RESULTS

5.1 STANDARD POWER CURVES

Table 3 shows the electrical power [kW] in function of the horIzontal wind op'2ed at hub heig:lt Ws [m/s] for
different air densities [kg/m] J.

......=.=== --====== m==t . .....
P[kWJ Density [kglm

_Ws[mls} 1.225 0.94 0.97 1.00 1.03 1.06 1.0.9
3 32 21 22 23 24 25 27
4 146 104 109 1"13 118 122 126
5 342 254 263 273 282 291 300
6 621 469 485 501 517 533 549
7 1008 764 790 815 841 866 892
8 1486 1159 1i96 1233 1270 1305 1340
9 1836 1590 1626 1659 1689 1718 1744
10 1965 1867 H385 1900 1914 1925 1935
11 1994 1969 1974 1979 1982 1985 1987
12 1999 1994 1995 1996 1997 1997 1998
13 2000 1999 1999 1999 1999 2000 2000
14 2000 2000 2000 2000 2000 2000 2000 ,

15 2000 2000 2000 2000 2000 2000 2000
16 2000 2000 2000 2000 2000 2000 2000
17 2000 2000 2000 2000 2000 2000 2000
18 2000 2000 2000 2000 2000 2000 2000
19 2000 2000 2000 2000 2000 2000 2000
20 2000 2000 2000 2000 2000 2000 2000
21 2000 2000 2000 2000 2000 2000 2000
22 1906 1906 1906 1906 1906 1906 1906 1
23 1681 1681 1681 1681 1681 1681 1681 1
24 1455 1455 1455 1455 1455 1455 1455 .

c

25 1230 1230 1230 1230 1230 1230 1230 I-

1763
1944
19!:)0
1998
2000
200C
2000
2000
2000
2000
2000
2000
':!OOU
906
681
455

====== =-=-~----==========~
J]

1.12
28
131
309
565
9·!U
131'4

----~--.
1.15 1.18 1.21 1.24 1.27
29 30 31 32 33
125 140 144 148 153
3,9 328 337 346 355
581 597 613 629 645
9~3 969 995 1021 1046
1402· 1440 1471 1501 1530
1789 1310 1828 1844 1859
1951 1957 1963 1968 1972
1931 1993 1994 1995 1996
1999 1999 1999 1999 1999
2000 2000 2000 2000 2000
2000 2000 2000 2000 2000
2000 2000 2000 2000 2000
2000 2000 2000 2000 2000
2000 2000 2000 2000 2000
2000 2000 2000 2000 2000
2000 2000 2000 2000 2000
2000 2000 2000 2000 2000
2000 2000 2000 2000 2000
1906 1906 1906 1906 1906
.~681 1681 1681 1GB1 1681
1455 1455 1455 1455 1455
1')··''> 1230 1230 1230 1230,-'-" .....

Table 3 Electric power IKWj of the G114 lilA 2.0MW wind turbine calculator) in function of wind speed at hub height Ws
[rn/s]. for different air oensites Ikg/n:jj (ref: 20!20606C! ,4AERPC)
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2500

/--------~"''\

\;
2000

~ 1500 -

~o
a. 1000

./
10 ~55 20 25

Wino speed [ml$J

Figure 1 Power curve of the G114 lilA 2.0MW wind turbine for 311 air density equal to 1.225lkgJ IlIJ]

iret: 20120606G114AERPC]

5.2 ANNUAL ENERGY PRODUCTION

Table 4 shows the annual output [MWh] for the G114 iliA 2.IJMW wine tu,bine for different Weibull K-
distribution parameter values and annual averaqe wind speeds INa'" [m/s], The values are calculated for
1.225 kg/mJ standard density and 10% turbulence intensity.

~lYe[m/sl
--_. __ --_....-----y-----------_._--_._----------------------_ ..-

7 7.5
P[MWh]

5.5 6 6.5

Table 4: Annual energy production lMWll] of the WT '3114 111/\2 OMW c<llc'J;;:tf.!d ill fUllctlOn of \V"m [Ill/51.
(ro/: 20120606G114AERPC]
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5.3 CP AND CT CURVES

Table 5 shows the CP and CT values for the G 114 III~,\ 2.0M\",' wind turr.inc.

[ /sJJ -- Cp--=[_~-'C! i
, 0.187 ! O.~34 i

4 I 0 366 I l) .'361 IIs! 0.437 ! G 834 I
6 ! 0 4GO i o 324
7 C.470 I (1 e22

8
9

I 0.464 0.778
0.403 (l.r:.C' 1

I 0.3: 4 o ..<144
0.240 0.220

I 0.W5 0.240
I 0.146 I 0.137

'

I 0.117 II 0.1.19
0.095 0.1.22

I 0.078 I 0.101

I
19 GOLl7 I 0.064
20 0.040 0.057

21 0.035 I 0.048
22 I 0.029 0.0<11;
23 I 0.022 I 0.033 i
~4 I 0.017 I 0.028 I
25 I 0.013 I 0.023

~.:'lb.~...=;::.....-=r:;;:.l'C=,-L--..:::;-_~~ .•~-="",d

10
11
12
13
14
15
16
17
18

0.065
0055

(1.086
0073

Table 5: 0' and CI values for the (;I; 14 ilIA 2.8MW winLi ::J:·t)il1c.
(ref: 20 120606G 1 14AERPC)

00 \ '-__ ._

\
_.----\ \
( \\

~~~
'-<:::::::::::'::-.::::-:c,,:::: .._.

:':-..::..~-::_ - ~:...:::.~

06

0'

o.s

0.3

o I I
o I

Figure 2 Cp and C1 curves of the G 114 lilA 2.CMVV 'Nind turbine.
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5.4 NOISE LEVELS

Estimate of aeroacoustic noise emitted by the rotor of the G114 1I!.I-\ 2.0MW wir.d turbine, simulated for
different tower heights (H) and wind speeds at 10m above ground leve! (\N 10)'

Tab!e 6 includes the numerical values for tile estimated Lw noise leve' in dB(A) ~or the differe:,t wind speeds,
frorn the start-up speed, 3m/s.

H = BOrn ". ; H = 93m T H == 1.25m
~-----+------------~---------------l:------------~

WlO VV,; SPL I' Ij>}. SPL i W:. SPL

1--[=-m_/....:s]:.__~I'_n_·s..:...l __ ..;:.[d_B_(:.__A.:..:)J:.___. jmi:l [dB(A)] ~_:'..:.;] __ _:[:.__d_B..:...(.A__:').=-]--i
3 ., ;) 95.8 I 4::: 95.3 i 4 ') 95.8

3.5 1(J 95.8 " 95.8 !)....;)~5.8·
4 :' (i 96.3 :.' /' 96.8 (; I! 98.0~----~~------------~--"------------4-----

4.5 G :; 990 G.4 99.5 iJ / 100.6

103.05 z u 101.4 1'1 101.9

~_5_._5__ ~__ /_.I_· 1_0_3_.6 ~_!_C_J 10_4_.__1 __~I __ K._::__ .. 1_05_._2~

6 i:·) 105.6 1\1) 106.0 ,)(1 106.0

6.5 :! 1 106.0 I) :l 106.0 ~) / 106.0

7 !lfI 106.0 In 106.0 In', 106.0

7.5 l(l') 106.0 IU/ 106.0 il " 106.0
~-----+-------------+-------------~-----------

8 11,>1 106.0 1\,0·1 106.0 L!,() 106.0

8.5 t : ') 106.0 I:' I 106.0' L'I 106.0

9 !,'b 106.0 I:;~) 106.0 113') 106.0

~_9_._5_-+-_1_·1_:_' 1_0_6_.0_+__1_:,_.I; 1_0_6_'0-+1__' _'~_. 1_06_._0~

10 II':) 106.0 H:~ 106.0 I,;,(} 106.0
---------__. .__=__===d

Table 6: NOise levels of tile G 114 IliA 2 OMW wind turbine for di!lerelll H [In], IN ,0 [rn/s] and Ws [rn/s].
(ref: 20140227G114AERPCtJl_EVj

--- .-- --_ ...._-----------------------------------_ ...
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SCOPE
Wind turbines of the Gamesa-2.0 MW platform (G114-IU/\ and GllA· HA models).
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nu«

1 DESCRIPTION OF THE GAMESA 2.0 MVV(Gl1.4·.,rU.A. AND G1H·-H!~\ MODELS) WIND
TURBINES

h

,------- .,
I Position i !'lame i
f h=-=~-IH~;;;hd.9-ht-~~---!!d I Rotor diameter l1.--__ -<._, ._,

The Gamesa 2.0 MW (G114-IIIA and G114-Ufi. models) w'llcl turbines are Of ttl,C three-bladed wind-
facinl] rotor type with a rated power of 2 MW.

Its rotor diameter is 114m (postion d in Figure 1) 2nd hub :,(~i~;:,t 'Jf 80;~'" '?::;m and 125rn (position h i~l
Figure 1),

Tile Gamesa 2.0 MW (G114-IHA and GH4-nJ\ models) \vir<! turi:)ines :::'0 requ!ated by an independent
pitch control system in each blade and has an active yaw system. The control system allows tile wind
turbine to be operated at variable speed, maxirnizin9 the power :;ro(~ucc~;at "Iii times and minimizing the
loads anc noise.

A description is given below of the main ccmponents of the G.lmesa 2.0. rl~W' (G:U4-HXA and (i 114-IIA
models) wind turbines,
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liNe:

1.1 NACELLEDESCRIPTION

3

4

10
:/

7 '

2 ,
-.

5

9 8

{,;Ul\-(;9x-JJ·OO-OO-1:"OOl-A.00-.1

r-----~-----------------,
Position Name l

..-...-.- ---.--_.__._-_._------__ ._.--_.-!
"!Cover

2 Frame 13----- .. -·I-Mai~~h~ft . --------'- ..
-,--.'----- i - •.----- .--.- ....----- _.__ .--_' .... --

4 --I Gearb_o_x . _

5 ! Yaw system
~--~--------------t:
6 I Mechanicai brake I-------+- -----
7 i Hydraulic unit

8 i Generator
~.--~------------------
9 Transformer'

10 Electrical cabinets

figure 2: Mai;1components r:/{ t!1e T!30~Fe

1.1.1 Cover

The cover protects the wind turbine components within the nacelle from exposure to meteorological events
and external environmental conditions. It is made of composite resin and :'e!nfo,ced with fiberglass,

Within the cover there is sutficient space in or-der to cerrv out wine! t!_:i'!Ji;le maintenance operations, The
cover has three hatchways:

• Hatchway giving access to the nacelle from tile tower, IOGJ:ed Oil til-=:nacelle floor.

8 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 section.

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 end the lightning rod are located.

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

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

1.L2 Frame

The frame of the Gamesa 2.0 MW (G114-IHA. and Gl14-HA models) 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 tOW2~. These loads are transmitted via the yaw system
bearing.

The frame is divided into two parts:

• Front frame: Cast iron bed plate to whtch the main sha't supports are fastened, where the gearbox
torque arms and the yaw ring react.

• Rear frame: Mechan:ca!ly-welded structure formed by two beams ]oi:"Jed 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 cycles wl'~ich reproduce, in an accelerated rnanner, the
stresses and forces to which the frame will be subjected trrouqhout its lifetime. This guarantees and
irnproves the reliability of the component, validating its correct design. In addition, the test res.ilts are used
for feedback and to correlate tile simulation models of the frames deveioped by Gamesa, guaranteeing
continuous improvernent and greater precision of the designs.

1.1.3 Main shaft

The motor torque produced by the wind on tile rotor is transmitter' to the gearbox throuoh the rnain shaft.
Tile 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.

Tile shaft is made from fOrged steel and has a tonqitudinal central opening to house the hydraulic hoses and
control cables for the pitch control system.

Tile support of the main shaft on 2 bearings offers significant structural aGvantages. All the stress from the
rotor is transmitted to the front frarne, 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 disrnour.t the main shaft or the rotor.

1.1.4 Gearbox

This transmits the main shaft's power to the generator. The cearbox consists of 3 combined stages, a
planetary gear and two parallel shaft gears. The gearbox's cogs are designed for rnaximum efficiency and
low noise and vibration levels. As a result of the gear ratio, part of tile input torque is absorbed by the
reaction arms. These symmetrical reaction arms fix the qearbcx to the frame by means of shock absorbers
which minirnize vibration transmission. The high-speed shar; 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 tile drive train, the qearbox weight :s supcorted by tile 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 urn, thus reducing the
potential number of breakdowns, together witt: (1 third extra coolmq 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 failure during operation and guarantee product quality.

1.1.5 Gamesa Active YClwsystem

The Gamesa Active Yaw system enables the nacelle to rotate around the axis of the tower. This is an active
system and has six yaw gears electrically coerated 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, constituted
of one piece and mounted in the upper part of the tower, producing tile relative rotation between the nacelle
and the tower.

A friction bearing is used to obtain an adequate retention torque il; order to control yaw rotation. In
addition, the hydraulic brake, consisting of 6 active clamps, provides a Qreater retention torque to fix the
wind turbine. The combined action of these 2 systems prevents fatigue Gnd 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 darnage 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 operatinq loads
cornpressinq 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, validating its correct design and
providing feedback to the virtual models for subsequent redesiqn and improvements.

1.1.6 Brake system

The wind turbine primary brake is aerodynamic through the full-featherinq blades. As the oitch 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 hydraulically activated disk brake, which is mounted on the high-speed
shaft of the gearbox This mechanical brake is only used as a p3ri~ing 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
shatt mechanical brake and the yaw system brake system. It includes a fait-safe system which guarantees
the required oil pressure and flow levels in the event of absence of current to activate the blade pitch control
cvltnders, tile disc brake and the yaw system brake, switch:ng the wind turbine to safe mode.

1.1.8 Generator

The generator is an asynchronous double-feed unit w'th '1 poles, co;! 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.

Tile characteristics and functions introduced by th's generator are:

Synchronous behavior toward tile 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 vic control of amp!ituc!e and rotor current phase.

..._ -- -- ~-.-- -----------------
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• Smooth connection and disconnection from the electrical grid .

The generator is protected against short-circuits and overloads. The temperature ;s 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 voltaqe options between 6.6kY and
35kY, different apparent power ranges and is particularly designed for wind energy applications. It is located
in the rear section of the nace!ie in a compartment separated by a rnetet "vali 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 additic;~ ':he t:'cm::fc'rmei includes all the necessary
guards against damage, Including arc detectors and protection fuses.

The transformer's location in the nacelle prevents electrical losses thanks to the reduced 'eng~h 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. This electrical cattnet, :r: turn, is divided into three parts:

Control section: responsible for the tasks governed by the nacelle, such as monitoring wind,
changing pitch angle, yaw, interior temperature control, etc.

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

• Protections and busbar section: tile output OT the power produced, with the necessary electrical
safeguards, is located here,

2. GRO!JND 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 operatino parameters, stop and start the wind
turbine, test the various subsystems, etc. A touch screen C2:l also be connected to tile TOP electrical
cabinet in order to perform these tasks.

Figure 3: Exampl~s of ::o!.!cI~screen

3. HUB electrical cabinet located in the revolving part of tile wind turbine. Primarily respcnsible for
activating the pitch control system cylinders.

1.2 ROTOR

The rotor of the Gamesa 2.0 MW (G114-HIA and GH4-HA ",ode!s) 'wind turbines consists of three
blades joined to a hub by blade bearings. The hub has a conical angle of 2° il the flanges attaching it to the
blades, whlch keeps the tips of the blades away from the tower.

This wind turbine's rotor diameter is 114m.

,--,,-~- --- --- --- ---------------------------------
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1.2.1 Blades

The blades of the Gamesa 2.0 MW (G114-IHA and GH4-HA models) wind turbines are manufactured
in a matrix composite material reinforced with fiberglass through resin infusion technology, which provides
tile necessary rigidity without increasing blade weight. The blades have ;:>itchcontrol along the whole length
of tile blade, thus maximizing energy production and reducing loads and no;o:e.

Blade length is 56m and an approximate weight of 13t. The distance from t'ie blade root to the hub center is
1.230m.

The structure of each blade consists of two shd:" ettacheo to G st~:Jctur;?1beam or :n..ernal rails. The blade is
designed to fulfill two basic functions: structural and aerodynamic.

In addition, the blade Is clesigned taking lnto account botii the manufacturing method used and the
materials chosen, in order to ensure the necessary safety margins.

The blades are equipped with a lightning protection system which cQnd'.'cts the lightning from the receptor
to the blade root, where it is transmitted to the winc! turbine to be cllschargeciinto tile ground,

Additionally, the blades corne with the necessary drains to prevent irtternill water retention, which can cause
imbalance or structural damage due to water vapcrtzatlon 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 hut; and perrnit the pitch control movement.

The blade is attached to the inner race of the blade bearing by means of 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 elf 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.

1.2.4 Cone

The cone protects the hub and the blade bearings from the atmosphere. Tile 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 hydn"J!ic system

This consists of independent hydraulic actuators for each blade that provide a rotation capacity of between
-5° and 870 and a system of accumulators which ensure feathering in the event of an emergency.

Tile pitch control system acts according to the following setting:

.. When the wind speed in less 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 2n~}!2 used p,:)IIides 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 more quickly than other systems. Due to the hydraulic accumulator system, it
does not require batteries to operate, thus increasing its reliabiiity in the event of an emergency.

1.3 TOWER AND FOUNDATION

1.3.1 Tower

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

80 m (steel structure): three sections.

• 93 rn (steel structure): four sections.

• 125 m (steel structure): five sections.

It is supplied with the corresponding platforms, ladders and ernercency lighti·jg.

Gamesa offers a cable guided elevator as standard to make rna'ntenance cf ~J,ewine! 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 most suitable foundation is selected.

1.4 CONTROL SYSTEM

The wind turbine functions are controlled in real time by a PLC-basE;eJ:.;ystem(Proqramable Logic Controller).
The control system is made up of control and monitoring alqor'tnms.

A) Control system

The control system selects the correct shaft torque values, the blade pitch 3ngle 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 Game:s;~ 2.0 M\";.5(GH4-HIA and G114-IIA
models) wind turbines are:

l. Maximization of energy production.

2. Limitation of mechanical loads.

3. Aerodynamic noise reduction.

4. High energy quality.

A-I) Pitch control adjustment

At wind speeds above the rated speed, the control system and pitcll control system keep the power at its
rated value. At wind speeds below the nomina! speed, the variable pitc~ control and control systems
optimize energy production by selecting the optimum combination of rotor rotetron speed and pitch angle.

A-2) Power control

The power control system ensures that the wind turbine's rotation speed Clqd motor torque 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 +quadrant IGBT-based converter, contacto-s 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 rnaxirnize
the power generated for each wind speed. In addition, it makes it possiole to manage tile reactive power
evacuated in collaboration with the Gamesa WindrH2!t® remote control system.

B) Monitoring system

The monitoring system continuously checks the state of the different sensors and internal parameters:

• Environmental conditions: wind speed and direction or ambient ternperature.

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

• Rotor state: rotation speed and pitch control position.

• Crid situation: active and reactive enerov generation, voltage, currents and frequency.
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1.5 GAMESA PMS PREDICTIVE MAINTENANCE SYSTE['o~

The Gamesa 2.0 MW (G114-UIA and G114-UA models) wind turbines .nc'udes the Garnesa PMS
Predictive Maintenance System, developed by Gamesa, 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 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 capacity.

• Integrated with the PLCand Gamesa WindNet® wind farm networks,

• Easy 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 tile wind turbine. The foi!owing are some of the important benefits of installing a
system of this type:

~ Reduction in major corrective actions required.

• Protection of other components of the wind turbine.

• Improvements in the wind turbine's useful iife and operatlon.

• Reduction in dedicated maintenance resources.

Access to markets with strict regulations, such as the Germeniscber Uovds, DNV Business Assurance
certification.

• Reduction in insurance company rates.

1.6 GAMESA WINDNEr® INTEGRATED MANAGEMENT SYSTEM fOR '<'.fIND r:r.RMS

The Gamesa 2.0 MW (G114-HIA and G114··Hf:!. models) wind turbines integrates into the Gamesa
WindNet@, supervisory, control and data acquisition s.ysi':em (SCAD),,)r which a!lows the wind farm
information to be accessed easuv and intuitively through a browser.

The Gamesa WindNet® system is easy to configure and adapt to allY wind farm layout, including those
with a wide variety of wind turbine models. It can quickly and r2liab:y 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 communlcatlcns protocols used in Wild farm
systems, such as ope DA, MODBUS and DNP3. Communication with Games: wind turbines is based on a
robust and efficient proprietary protocol.

With this tool, tile 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 i~,real ti!~leand display tile alarm log.

• Send direct orders to the wind turbines (start, pause or switch to emergency mode) al1d substation.
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.. Analyze the evolution of variables over time in a simple manner, thanks to the trend history graphs:
Garnesa Trend Viewer.

Create production and availability reports: Gamesa Peport Cenerator.

• Send status messages and alarms to a ceil phone using S~~Stext rnessacinq.

• Integrate the reactive power compensation equipment (STATCOMand SlfC).

Manage predictive maintenance with the integration of Garnesa Pi'!:S.

e Manage different user profiles, thus maintaining security and simplifying at the same time the
application's dail-yuse.

The user interface has been designed using accessibiiity, user-friendly and s'rnplicity 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 requirec 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.

e Generation of customized reports with Gamesa Information Manager, through tile categorization of
energy losses.

Wake control module.

Noise control module: Gamesa NRS®.

Shade control module.

• Ice control module.
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1.7 SENSORS

The Gamesa 2.0 MW (G114-IIIA and Gll.<f··HA models) wtnd turbines are fitted with various sensors
that continuously monitor different parameters. It has sensors that capture signals external to the wind
turbine, for example, the outside temperature 01' the wind speed and c!:i·2ction. Other sensors record the
wind turbine's operating parameters, such as component temperatures, t;~2ssure levels, 'J1adevibrations or
positioning.

All of this illformation Is recorded and analyzed in "cal time c1f1cifed into the monltorinq and control functions
of the control system.

1.8 LIGHTNING PROTH.:TION SYSTEM

The Gamesa 2.0 MW (GH4-HIA and G114-UA models) Yv~nd turbines are protected against lightning
by a transmission system that goes from the blade and nacelle receptors, passing throuqh the cover, the
frame and the tower to the foundation. This system prevents the P()SSd9(~ of ilghtrJing through components
which are sensitive to these discharges. The electrical system also has addit;,ona! overvoltaoe protection.

All of these protection systems are designed to obtain a maximum protec'icn U1 accordance with standard
lEe 62305. lEe 61400 and IEC61024 are considered reference standards.

2 GRID CONNECTION PIND SITE

2.1 GRID CONNECTION

Tile Gamesa 2.0 MW (G1:i.4··IIIA and Gll<1-HA models) wind turbines 2i-2 avauable in versions capable
of operating in 50 Hz and 60 Hz grids.

TIle wind turbine's transformer must be suitable for the grid's v'Jltage. Ti'';:-: voltage of the low-voltage grid
must lie withln the ± 10% range and tile grici rrequency must lie v'IitJ,:n th'2 .! 3:~z range 'n both 50Hz and
60Hz grids.

The grounding system Included in the civil engineering project 1l2S two concentric rings with a global
impedance according to the requirements established in lEC 52305. The pa5s-tllrougtl and contact currents
must comply with standards lEe 60478,1 and Ir:C 61936- L toea: reculations sl'al! prevail where these are
more restrictive than the above international regulations.

The grid voltage specified for the Gamesa 2.0' MW (G114:-nIJl, and (-;~_:~·~·-HAmodels) wind turbines is
defined in section 4.6 of this document.

The power factor of the Gamesa 2.0 111W(GU,"-HIA and Gll,!!-HJI. models) wind turbines is between
0.95 capacitive and 0.95 Inductive in the entire power range ur-der the following conditions: ::: 5% rated
voltage for the corresponding temperature interval, as long as the: transformer's apparent power is equal to
or greater than 2,350 kVA. See special conditions for other transformer models.

2.2 ENVIRONMENTAL COl'lDITlONS

Tile standard version of the Gamesa 2.0 MW (G114-HIA and G1.14-Ut\ models) wind turbines have
been designed to operate at external ambient temperatures between -2GOC and +30')C. There are wind
turbine versions which are capable of withstanding more extreme am~ient temperatures,

The Gamesa 2.0 MW (G114-IIIA and G114-IIA models) win,j turbines are capable of continuous
operation at ambient relative humidity of 95%, and is capable of opei'ating in conditions of 1GO°It, relative
Ilumidity for periods of time under 10% of operating tir:le,
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degree of anti-corrosion protection of the various components of the Gamesa 2.0 MW (Gl14-UIA
G114-HA models) wind turbines, in accordance with standard !SO 12944-2, is shown in th~ following

COMPONENTS eXTERNAl.. ImT~RICR I
-1

Tower C5-I/H m; INace!le-Rotor C4/H or C5/H [1] HorC3/H [1]-_.------,.".,. I
Table 1. Degrees of protecticn against corrosion

f 1) According to components.

esa has product versions designed special!y fOI corrosive environments.

WIND CONDITIONS

annual wind distribution for a site is normally specified by a We/bull distribution. This distribution is
ribed by scale factor A and form factor k. Factor A is proportional to the zveraqe wind speed and factor
tines the form of the distribution for different wind speeds. Turbulence intensity is the parameter that
tifies the instant variations in wind speed.

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

Standard lEe - IlIA

Averaqe annual wind speed (m/s) [1]

I
7.5

Turbulence intensity I1S (%) I 16

Reference lO-minute wind speed in 50 years (rn/s), 37.5

Extreme wind speed in 50 years over a 3-second average (rn/s) 52.5

Table 2. Design parameters for the Gl1.4-HXA 2.0 ~'iW wind turbine

* Certification in accordance w~th design standard XEC614f.)('1-1Ed.::;.

esign conditions of the G114-IIA 2.0 MW wind turbine arc indic-ated below:

Standard J rec- UA

Average annual wind speed (rn/s) [1] 8.5

Turbulence Intensity 115 (%) I 16

I
Reference lO-minute wind speed in 50 years (rn/s), I 42.5

.-. I
I

Ex.treme wind speed in 50 years over a 3-second average (mls) ! 59.5

i I
-

Table 3. Design parameters for the G114-HA 2.0 M\.'1,';vlnd turbine
,
I

I

* Certification in accordance with dasigll standard Z::C514C'0-1 Ed.J.
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lEC 61400-12 Power performance measurements of electricity prcducinq wind

turbines~---~-------~~~~~-------------------------------------------~~,---------~lEC 61400-13

IEC 61400-21
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2.4 VERIFICATION OF SHE CONDITIONS

As a general rule, the wind turbine may be insta:ied in wind farms w:th a minimum distance of 5 rotor
diameters between wind turbines facing the prevailing wind direction. Ii' 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 modlficatlon 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 loads on the wind turbine increase and the turbine life
decreases, On the other hand, the loads decrease and the turbine Hfe increases if the average wind speed or
turbulence intensity or both are low, Therefore, wind turbines :nay 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 lEe 61400- 13). Turbulence i'lte!lsity I~5 is used as a characteristic value
for the to-rrsnutc average wind speed of 15m/s.

all complex ground, the wind conditions are checked on the basis of measurements taken on site, In
addition, the effect of the topography on the w;nd 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 order to assess tf)E' 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 plans 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 volteqe.

• Any other Information required by Garnesa for the correct d~fn:ton of the wind turbine to be
installed.

3 DESIGN STANDARDS
The Garnesa-ZD MW wind turbines (G114-IIIA and Gl14 IIA models) have been designed and validated
USing tile following standards depending on the tvpe of component:

3.1 WIND TURBINE

Standard

~ieasu:ement of rnechanicai loads----------------j..---~
Measurements ans assessment of power quartv characteristics of ,

1- +-'-!.:..:ri.::;d..;;c;:;o.:..:n~n.::.:ec;:.:;t.::::.ed::..:.w~ilJQ._tu_rbl,n;,....;,;es;__~ +- ~
IEC 61400-22 Conformity testinq a_ndcert: fica t,_io_I'_, __ ---------------~----~
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Title:

" .. ",,; ., .

EN 50308

Safety of machinery - Basic concepts: genera! pr.nciples for desiqn
- Parts 1 & 2

\'Vind turbines - Protective measures -- Requil'erne'its for design, 2008
I- -+..;;o.....pr;.~~ion and maintenanc~:;_ _

Safety of machinery -- Permanent means 0; access to machinery -
Parts ~ 2, 3 &. 4

EN ISO 14122-1/2/3/4 2001

2008

2008

2007

2009

2003

.' .

1
2006

2009

2005

EN ISO 14738 Safety of machinery _.- Anthropometric requirements for the design
I- -+..;;o..;.,f.;.;w.o,kstationsat machinery

EN ISO 61310-1/2/3 Safety of machinery - Indication, marking and actuation - Part 1,
2&3

EN ISO 14121-1 Safety of machinery - Risk assessment - Part 1.: Principles (ISO
.,_ -+~l_~l_n-1 :2007)

EN 614-1/2
1- -+..:;s.:;.a"..,;;,e_tY.__o_f.....m...;.,a.....ch_i_ne_~ry....___E_rq_onornicd.S2!..s.!l'priilci21._c~s_.__P_a_rl....s_1_&_2_-.'- -t

EN ISO 12100-1/2

t-=-=IE:..;C:....6:..;O:..;8;.:1-=2-+~A;;.;r:.;;.al;J..;;.;jI!s!.:;.s...:.te;;;.;c~h;.;..n;.;.;iq;\,;::u;.:e;;.s.;.;fo:....'....;,.s'(._stemreliab:iity - Proc_e_dl_i!_e__f._o_r_FM_,_E_A,__ -+-_ .. --i

t-S.....A...,;E_J;;_A_1_O_11 -t-E...,;.v..;_al_uationCriteria for Reliability Cente!:~d ~I!~!!,,_t_e-;._;;.a;.__r_,c;_;,e....P...;.,r....or.;;..-e;.,;;s.;_se.;.;-s-',.. ............;..;...__ -I

NAVAIR 00-25-403 Guideline for the RCM Process

3.2 STRUCTURALDESIGN

I
.....''"'

Standard Descri~tion Edition

Common' ;," cg:>;;;~Wili·'!ij;r. . .-" .,, i,:~
' ........ .. ....' . ' _"---".-.:-.

"

. ~ '.' ' .---""..__. ----.,...,_~---
EN 1991 Eurocode
1.1-4 Actions on structures - Part 1-4: Generai actions -- V-J: nei actions April 2005...--......,.-~-....--------
EN 1993 Eurocode
3.1-1L6/8/9/ 10 Design of steel structureE 2005

.~

IEC61400-1 Wind turbines - Design r\_quirernents_ 20(5

Systematic calculation of high duty bo!~ed joints - Joints with one
VDI 2230 Part 1 _9jindrical bolt. 2003

.I· :',,~ ~. "'i::~,;l;>~<: .'" :r,., >'; ,i~.~:~::." '"
.. -. .,_2__.c. ,Tower. " .-: ',",.'::..,.......:.. ":~~;_. .

I

CEB-FIB Mode CEB- FIB Mode Code 199C 1990

DIBt Ritchlir:ie fur wlndenergieanlagen - Einwirkungen und October
Standsicherheitsnachweise fUr Turrn und GrCit,dunq, <til edition 2012
- '.,.....--~-'''-- .....,--'!'''-

EN 14399 I March
H~9.~-stlength structural bo~i!2.g ass~~110Ik:s.for f2.~e!o.s:.~ 2005

EN 1992 Eurocode Design of concrete structures - Part .t -1: Genera! rules and rules for December
2.1-1 buildin_gs 2004•________ "_4.---.......,.,.,

En 1998 Eurocode 8 Deskin elf structures for ea'!!1gua~~:.e.si~!:?2E~ ___ ._ May 2005

Mecflanica! properties of tasterners rnace of ca r~,~;D;:steel and alloy January
ISO 898-1 steel 2013
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Systematic calculation of high duty bolted joints - J')ints with one
VDI 2230 cy!indrical bolt

May 2005

Cranes. General design. Limit states and proof of competence of
~c.;..;.N...;;1;.;;.3..;;.OO.;;..1;..-~2-...;;3;___ -+;tJire ropes in reeving..§i.::_te_m_s__ ,_._. _

~E;..;.N...;;1;;:;3.;;,13;;.;5~_----~C~ranes.Safety. Design. ~uirements for' e~F~~:~' -'J --t

EN 14492-1/2 Cranes - Power driven winches and hoists - Parts 1 i:( 2 2006
~;..;....;;;_~~~---+~~~;_~~;_---- -------------------i--------;

Directiva 97/23/EC Directive 97/23/EC: Pressl§e eguipf!lent

3.3 MECHANICAL COMPONENTS

-
Standard ~criPtion Edition
", ,' .. ''C',' , , ,'t, "." 'i ' ..':\ ,.

..,,'

',( .' .. ' ..
..•.. ,,"Blades '~",/.: , ·'.".,·,'..1,':,,{:; <,:"'.,'","', . i'I;~,~;,~,~,D<::""v,,: . : ,".' ,'""""', ,',

DEFU R25 Lightning [2rotection of wind turbines, Reco:nmendation 25

DNV OS J102 Oesign and Manufacturing of Wind turbines blades, offshore and 2006-10
onshore wind turbines

IEC 1024-1 Protection of structures aaainst !i9ht.:~ - Gen~§J.£.rinc:Dles 2007-11

IEC 60721 Classification of environmental conditions - Environmentai conditions, 2002-10
appearina in nature

ISO 2813 Paints and varnishes - Determination of specular gloss of non-
metallic paint films

Main Shaft .. ':; .. ,.. !' ~i.)U'.·.··. :-;,:: ,:.,;" .. ' . : ... :'. .... .'. ...., ,'.----..EN 1991 Eurocode
1.1-4 Actions on structures - Part 1-4: General actions - Wind actions AJlril2005---' .EN 1993 Eurocode
3.1-1/6/8/9/10 Design of steel structures _ i 2005

Systematic calculation of high duty baited joints ' Joints with one I
VOl 2230 Part 1 cylindrical bolt. 2003
Gearbox',: ",. •:'.'> .•...•.. . '. , ,~'.'," "",'" ' . :y,:;·,tj? .....,:................ ', .... "1:. .....

.; .: , .............
EN ISO 4871

Acoustics - Declaration and verification of noise emission values of 12009
machiner'i and egui~ment

GL 2010 Guideline for the Certification of Wind Turbines -f--IEC 61400-1/4 Wind turbines - Desig~_req!:!!.~emef2!s,_, __,___

Mecllanical vibration - Evaluation of mschtne vibration by IISO 10816-1 measurements on non-rota~arts

ISO 6336 Calculation of load capacity of spur and ileiic_9' gears_ I
ISO 81400-4 De~~'1 and specification c( gearboxes J..------.
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J-=.:IE:.;C;._;_60,;;;2:.;0~4;_-,;;.1~S?~etvof Machinery - EieE!!ical ~~er'ent 2~Mas:t;lr,es _" -'.r~..:;5 -I

~IE;..:C:..6:..0;;-;2;..:2;..:8;._---_~C.;.a..;.,b~le.;s.--_C;..;o_n..;.d..;.u_ct_o_,s_o-F;r)s,Jlated cable~:"_" '_" --+! ---i

IEC 60332 Tests on electric and octicat fibre cables under fire ccndtions 1
~:..::..,;..;;_;;.;;;.;:;.__--_~.=.:;.o....;~;;.;..;;.~_..;;_..;..._;.. -----.-.~- •..---------~--,--___\l...;;_----t

Cables - Tests on electric and optical fibre cables under fire
IEC 60332-1/3 conditions

~~';;_;_;;';;":;;"";;;:"';;"'---i! Low voltage electrical ';nstallations - sele~~;:-and erection Of!
IEC 60364-5-52 electrical equipment - vWing svsterns :

I-I:"::E:'::C:":6:'::0":'S':"02':"'-":'2/-=4;';;"'--+L;;':'O;;;";W::':':!";';o;';lt";';a':"ge=ca;';b.;.;.IE';;;;_S.::.:........;.,..---~---=--=t'----~

Electrical installations - Short-c:rc: lit currents In three-phase AC !,
IEC 60909 systems i~;;..;_~;_;_;~----~~""-...:;_----, '--------------------"""',::-. :>----_.-1
IEC 61400-1 Wind turbines - Desian requirements .)J-=.:~=-~;_;;"----+"':''''''''';';''''';';';-;;;~~.'';:''=..... ---.-.--~-.-------.--+-=------_t
lEC 61000-6-2 EMC , .....-1L.....,_~~-_I

Generator .," ':?r:a·:,,·;·'· . ,,';,';, __, ".:, .......;_....... ,__·_~_o_. ._~__.._,..~-~-.--r------_I

TItle:

3.4 ElECTRICAL COMPONENTS

j-:..:IE;.:C;...;3:...4;__ --jr-;~!ating Electrical Machin~. ._" __ ~~~ __ ......;~ ---f

IEC 60034 -1/2/18 Generator~~~.~-~......;----~~,

.,_:;..IE...:,C;:.,_72...:,__&_7...:,2_A -i!:-_D_i m_e_ns_io_n_s;..a._n_G,_i_o_ul£~.!:E.!:!!291.fer RO!§.t:,!.!J2Ie~~i:::~L2:a chi nes

, 12-------·---~·----cf
'-.~-----f

IEC 85 ,'",' ,., ...'."., ~Iassification oflnsuiationr l'1at~~~!s.f9rEiectr:C2i rvl2:~ecy I
Converter arid Electrical CablnetS;~;L·t ;,i . . . '.. '. '_ ..~",... .~_.~;.:;.i..;.:.~'~I-,.,,,_,.~.........-_I.--.-----f

85 EN 60071 Insulation Coordi nation 8----------_._----_._--------_.1,'-------;
IEC 60185 Current transformersI----------'l-- ------------------,------------r-----!
IEC 60186 Voltaae transformerst...:.-'~_;,.;;...;..;-----+-..;;.......---..;...;.----.-----------.-~...---- ...--- ------it...:.-'----_t
lEC 60269 i Low-voltage fuses . .. _l.;..,5 --I

Cables - Tests on gases evolved dU:'jng combustor! of material f~orn i
~IE~C~6~O~7~5~4-~1--__ -- __ ~c.~a.;..b.;..ie~s--------- I
~IE:.;C:...6:..'0;.;8:.::3..:1_--__ 1 Power_Capacitor?_._._"~ .__.._. ..._. ,,._. -. • ~ -I

rco:werter & auxiliarv cabinets I Low VO~!.c;;:esWi'(C(lgea~' end control
Lgear assemblies

I Converter / ~.dj:sta~~;~sp~~~r;ca~~;:'-~~:;"~~~ systems - ElK
t-IE_C_6_18_0_0_-...:3/_5 ~~~~ and_~E~l11.~!!stml~_11:.::~?:~.. ."__ ._. -::---_-_t

Converter / Safety requirements for :.'Olf-/2f elcctroruc converter
systems and equlpmect _j

L-I;..::E;..:.C~6~24_;,;7,~7 ..I.I__ --- ..-----.-~-- __._- .__ 1_

IEC 61439-1/2
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~IE;..;C;_;6;_;;O_:.O.::..56;;_-----i_H_,i~oltage AC Circuit Sreak~ __ . . -+ --t

~IE~C~6~0~0~6~O -+~H~ig~-lh~vo~l~ta~lg~le~t~es~t~in~9~t~e~d~1r~li9~u~e;..;s ~ --i

~IE~C;...6~0;..;0..;.7.;;.6_;-1;..;1;...._~ __P...;.o__w..;;e-r_:.tr_:.a_n_sf_:.o_rm_,pz:r_s_-_P_Cl_IT11: Dry-ty'pe trcmSfo!!J:l..t:;.;._;rs;..._ .~l---__f

lEC 60099-4/5 ! Surge arresters

IEC 60137 Insulation Bushings for AC Volt~lge ab.2::~ lky . ....'~6---__i

~IE~C;...6~0..;;2;..;6.;;.5-----_+..;.H-iq~h--V-ol-:.ta~lg~le-s-w-i-tc-h.-es_. • • ,__: ~_:if------~

IEC 62271 MV switchgear / High voltaqe Switches

Specification of technical grade sulfur hexafluoride (SF6) for use in
lEC 60375 e!ectrical equipment :..;2~_---_I
IEC 60840 MV cables over 36kV~~~~------+~~,~~;;_~..;;.---------------------~.---------------~----------_4

Wind turbines - Liqhtni!}£2.rotection

AC Disconnectors and sa;-th switches
------------------------------+-----------i

lEC 61400-24

BS EN 60129

IEC 62305-1/3 Protection against lightnir;o
..... , :.. :, ..... , ......---~----:~~~-----~~Control and Communications· , ',::: .•...':..' ':" : ~:......::£._".:'.,..'

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 50068-2-32 Free fall

IEC 60068-2-52 Salt Mist Test

IEC 60068- 2- 56 Damp Head, Stead~ State_

IEC 60068-2-6 Vibration Sinus

IEC 60068- 2-64 Vibration random

lEC 60529 Enclosure

IEC 61131 Proqrammable controllers

t------------+--c----------___,----------,--.-------I~---_I

'----------,-----------.--------------+----------~

,----------.-.----~~.-----------J!.- --------~
..... ... __ ........ • . .. ....1.- -1

4 OPTIONS

4.1 EXTREMEENVIRONMiENTAl CONDITlONS

Gamesa has product versions specially designed for environrnenta: conditlons of extreme temperature, dust
and/or corrosion,

4.2 VOLTAGE DROPS

The Gamesa 2.0 MW (G114-UIA and G114-HA models) wind turbine is cacable of staying connected to
tile grid during voltage drops, thus contributing to guaranteeing power c:~ality 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 injec'ci:lg reactive power as required by certain grid
codes.



GENERAL CHARACTERISnCS MANUP.L

i i Code: GD157870-en Rev: 4
I----------------------__,i Date: 27/11/13 Page 21 of27

~----~----------~--~------~---~-~--~-~.--=~-----~Characteristics and general descriptlon of the G114-Xn,4'\. 2.0 MW and G114 IIA-2.0
MW wind turbines-----------------------

Title:

The Gamesa 2.0 MW (G114-IIIA and G114-UA models) wind turbire has certificates issued by official
institutes on compliance wtth voltage drops according to P.O. 12.3 of REE and EON2003.

4.3 lOW-NOISE VERSIONS

The Gamesa 2.0 MW (G114-IIIA and G114-nA models) wind turbine has different control versions to
minimize noise emissions. The application of these versions ;nay .nvolve a rrodification to the power curve.

These noise-control versions are managed by tile Gamest:: NRS® system, which ensures optimization of
production by maintaining previously programmed noise levels ;~ accordance with local legislation.

4.4 8EACONS

As an option, Gamesa offers the inclusion of luminous beacon systems in eccordance with the corresponding
air traffic !egislation and requlat.ons. This is supplied exclusively by G(:)mesa.

These beacons may be powered by a UPS module, defi;1e(j in accordance with client requirements. In
addition, there is an option to include a flashi~lg 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
hiqh-voltaqe wiring connection to the high-voltage ::.>'.A:itchgearis 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 switdtcear un.t, Where the dent supplies
the high-voltage switchgear unit, this must comply with G2rnesa'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 50 Hz and 60 Hz qrids at different grid
voltage levels in the range of 6.6 '" 3S kV.

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

4.1 SERVICE VOLTAGE

The (lamesa 2.0 MW (GUA-IIIA and GH4-HA models) 'I,';nc:t~lib;i'eis available in versions which are
capable of operating with service voltage of 230 V or 120 II as an option.

5 TECHNICAL DATA

The main technical data of the different components cf the G;:iGne~;a 2.0 ~"lW (G114-IHP. and G114-IIA
models) wind turbine are listed below.
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5.1 ROTOR

Wind turbine i~114-r.:n:A ;Ql!1d~l.14-HA 1..0 MW 1
Rotor dlameter-(m-)-----+------~~ I
Swept area (m2) 1-- 11~J;,-'DO~,7,--- -I
Wind speed In operation (rpm) "L ~ _

5.2 BLADES

13 t

Material
Composite materi~i reinforced with r
fiberglass through resin i'lfusion

_____ +-=-=te:_:c02?Iogy, . ~

I56m iLength (m) G114-XIIA 2.0 MW
G114-IIA 2.0 MW

1--------+----------+--------_._----------

G114-IIIA 2,0 MW
G114-IlA 2.0 MW

Weight (t)

1----------+----------------+1------------------------
Blade cord
(maximum! G114-UXA 2.0MW
minimum) (m) G114-IIA :Z.OMW

3,S65m

----+----,-_-----~--------------.---.---_

G114-XlIA 2.0 MW
G114-HA 2.0 MWTorsion (a) ~1ax25 f min -1.5

I I, ----!_,_,_" , L, -.I

5.3 COVER

,..

.----+--.---------------------------.----J , _.O/~-:)1
I '</~~ )/-_;/)
, ;J<'../". j/
i {~~~:fi:-::--'- \/ , '
I if P':X\// .' [.JJ
I
I ~ :Y'. 1 :' '.'. ~~. Jr"'<_'<" .

,------------_., __ ,--:...1 _

Approx.
dimensions (m)

10,6 x 4.4 x 4,2

Material Organic matrix composite reinforced with
fiberglass
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5.4 HUB

Material Nodular cast iron

5.5 MAIN SHAFT

r-------------~-----------------------------------~i--·----~------------------~
!

Type Cast shaft

5.6 fRONT FRAME

Nodular cast ironMaterial

5.7 YAW SYSTEM

Yaw ring with friction bearingType

Rev: 4

~--~---------------------------------------------



Hub height
(standard
options) (m)

--------------------1

I
I------------------------------------j

I
I
I

2 ,,':'~~~ I ------------------------~-(~~-;D157870-en
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Characteristics and genera! description of the G:_~l+-n::F.i~,2,;) i4'fY <Inc.::'G7_:".<+HA.-2.0
MW wind turbines'------------_._--------------------------------_.,--------'_
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Title:

5.S TOWER

...--------..,.....-·----'-----------------r--~--'-------'-- '-----,
I

-----,-,---
Type Corneal barrel tube

I
Material Structural carbon steei I

1--------1---------------------------------------.------- --·1
~~~ I

Painted !
Itreatment

80 m W;;~e steel sections)

93 m (fo'x steel sections)
1--------------------------------- ------------------ ---- --- . ,

125 m (five steel sections)

5.9 GEARBOX

Type 1 stage planetary / 2 parallel

5.10 COUPLINGS

.--------,.---------------------1-"-·--------------
I (_:'" ...'\

\(~(I~~~\\
\'\".'\\'\ ,
" --:-) I'll '
~~~,~~..~j /

Main shaft Cone collar

1---------.1---.-------------.------------.--------" --------.-.---- . _

High-speed
shaft Flexib!e coupling
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5.11 GENERATOR

Type Doubly-fed INith coil rotor and
-----

Nominal power 2,07Q (stator + rotor)(kW)
•..,---_. __ ..,._-_._-_._--_._--,---,._-

Voltage (Vac) 690

Frequency (Hz) 50/60

suo rings
I

------ --- --- - - --- - - j
I

---------------;

5.12 MECHANICAL BRAK:E

---r
I

I
I
I

Disc brakeType

5.13 HYDRAULIC UNIT

Operating
pressure (bar) 220

5.14 WIND SENSORS

Standard
configuration

1 2D ultrasonic anemometer witn simultaneous
speed Cl:10direction measurement + 1 C'.':J
anemometer and wind vane

Number 1 + 1
..~i::»:L.- -.L- . -'--_. -..I
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Title:

5.15 CONTROL UNIT

5.16 TRANSFORMER

Type Three-phase, dry-type encaosulated
..-----~.- ..------ p-- ..----~.-.- - -- _- -...

Rated power Different options available

Voltage in
medium-voltage Different options available

Frequency (Hz) 50/60

Insulation class F or H

~------------~-------------------.----------------.------------------------~
5.17 APPROXIMATE WEIGHTS

G114-I!!A 2.0 MiN 'j
G114-HA 2.0 f.1W ;r----------------~----------------~i 99 ~-L .._ __j

Nacelle

Nacelle weight (t)

I Rotor I G114-1.UA 2.0 MW
G114-II/l a.o MW !

169 ____jI Rotor weight {t} ~.

G114-Hl'~ 2.0 MW G114-n.:t. F:an~e! Towe. V..,i·.ight I
2.0 MW _typ~ j_ __(~:) ,

SOm lIlA T! 146

93m (93.0)± ,i 203. i
Tower w!::iQht(t) 93m (93.1) . T_J 'S;--=J

125m L-=--L--~-i
._ .....L.-_12_5_n: (125.1)r:=... __ L__:~,~ ,I
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• The weights of the standard towers are included.

• These weights do not include the mid-voltage s'N:tchge2i and the GROUND electrical
cabinet.

• All weiqhts are generic or approxrmete and may vary.

6 GENERAL RESTRICTIONS

• AI! data shown is va:id for conditions at sea 'elle! and stanC:c::cair density.

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

• In the event of a build-up of large quantities of ice 011 b!acies cr othe:' wind turbine components,
interruptions to the turbine operation should be expected. In ac:dit:or. .. high winds in combination
with conditions such as high temperatures, low temperatures, lew density and/or low grid voltage
may lead to a reduction in the rated power to ensure that the thermal conditions of certain main
components (gearbox, generator, transformer, power cables! etc.) are rn2intained within limits,

• It is usually recommenced that the electrical 9::C:voltaqe be xept as close as possible to the nominal
value.

• In tile event of a loss of electric power and ve~ low temperatures, a certain period of time should
be allowed for heating before the wind turbine starts to operate.

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

• The Gamesa 2.0 MW (Gl14-IIIA and Gl1t;;·-HA models)wind tw'1;,;nes have been conceived
to operate up to 2500m above sea level. Up to lOOOm the wind turbine operates in full-power
conditions. From lOOOm the wind turbine operates in production conoitions with power derating
based on ambient temperature. In addition, on sites above sec level, tbe ;'isk of freezing is greater.

• All the parameters giVen for start up and stoppino (temperatures, ',',J 1:1(1 speeds; etc.) have an
associated hysteresis in tile control system, ~n certain ccnc'ricns, this r:l:1y involve a wind turbine
being stopped, even when the instant ambient parameters are wit1l:n the soecified hmits.

• Intermittent or rapid fluctuations in the electrtce: grid f'ccr.rc!'cy may GO: '_!se serious problems to the
wind turbine.

• Drops in the electrical \/'Jltage should not occur more thc:r: :;2 t'T''?s p~; 'iCc],.

• Due to modifications and updates to our pr-oducts, Garnesa reserves the right to change the
specifications.
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Title G90 IA 2.0MW 50/60 Hz Wind Turbine ?Qwer CI..!t'VI!

This document presents the G2G IA 2.0MW wind turbine fCOI."ICr CWIJ8S.

2 SCOPE

The values shown in this document are appl.cab.e to 2': Hw I2xistin; c~';11ig',"cltiC':IS 'or :;'1:; G90 !A 2.0MW in
standard operation mode.

3 DEFINITIONS AND P.CRCNYMS

WT: "\iind turbine.

Power (P): Expressed in kW. this is the electric: power o~talix~d ill :;'8 \Je,l~~ra~or t8rm:n?I~, without
considering the losses in the transformer or high vouaqe cables 0; IIv) 'N:rd turbine. or the occasional power
consumption which may exist in :118same to supply a COm;:lOIlC!It. (\\Imaged everv 1O minutes.

Wind Speed (Ws): Expressed in nvs, this is 1.118 value of tI:8 i'Ol'lZont2.1 '/Ji!yj COrnpOTi811t 8t hub height
averaged every 10 rrunutes.

Power curve (CdP): Hepresents the change in t~w P in accordance wil~'. [:'e \'ic; Ior the cii'fercnt \NT
operating modes.

Annual Energy Production U~,EP): Expressed in [lvlWh], !t IS the t:ltal clec.rical (~r~C::r£:yproduced Ir~ a 'NT
during a one- year period, in accordance with a given Cd? and a gi\l0r~ wi:1c! dis'.ributlcrl.

Wind distribution: Weibull distribution is used for diffe,ent K·di:::;t:iiJ'.:lio:1 pa{<Jr;'s;,-:rs C:Ir1d;01' ar.nual averaqe
WlilG speed values (W"",).

Power coefficient: Cr,

Thrust coefficient: C,

4 n:::SCPIPTION

When not specifier: otherwise. data in following sections is "i'ICcl:;,:eo usinb the parameters ~rom
Table 1 ,I\!I power curve anc annual energy production values i'l thi3 c'ocumcr : 'Ire subiect :0 the validity
ranges presented In Table 2.



Title G90 IA 2.0MW 50/60 Hz Wind Twbi:le Power (:urve

Dille.2?;/:\.I']/2013 P9·30rs

Wind SfJe.i"JiQ;n;naverager~=-T_ ==-_-=-=-==~==-= :fo_Ql'l
(0.75\/, + :',6) (C.75·/1 + S.b)

Turbulence intensity TI [%]Ior ~in! I 50/,--'--- < ,I, -c; :.""\:- .---
VI Vj--\----_._-----_._--------

TerraIn .__ L NctC<:'~~~~~.';cordil1a..!:)I[:C6140012-11
U flow ':1 1 . 2' $.11'::_"20:
Grld_!r.~_g~~(HzJ __. L _:':O.5_!::i?:...1

Table 2 Validity ranges of Power Curves 'or the G90 2.0H'N CIA wind twlJ::le power curve.

5 RESULTS

5.1 STANDARD POWER CURVES

Table 3 shows the electrical power [kW] in function of the horizontal vlind speed [m!s] at hub r:eight (Ws) for
differ'2nt air densities [kg/ir:3].

. m, =~..=- . ~=..
P[kW] Denslt)! [k

Ws [m/s] 1.225 0.94 0.97 1 1.03 1.Q6 1.09
3 17 12 13 13 14 14 15
4 78 53 56 58 61 63 66
5 194 140 146 152 157 153 168
6 361 269 278 288 298 307 317
7 592 447 462 478 493 5',)8 523
8 893 677 700 722 745 768 79C
9 1244 940 972 1004 1035 ~06'1 1099
1e 1591 1212 1253 1294 1335 1375 1416
11 1862 1472 1520 1567 1613 1557 1698
12 1967 1701 1750 1795 1842 1877 1907
13 1988 1885 ~923 1948 1961 1S71 1978
14

I 1997 1972 1977 1982 1983 1987 1990
15 I 1999 1984 1988 1992 199.1 1996 1997
15

I
2000 1994 1~19G 1998 1998 1')99 1999

17 2000 1998 1999 1999 2000 2000 2000
18 2000 2000 2000 2000 2000 2000 2000
19 2000 2000 2000 2000 2000 2000 2000
20 2000 2000 2000 2000 2000 2000 2000
21 2000 2000 2000 2000 2000 2000 2000
22 .1906 1906 1906 1906 1906 1906 1906
23 1681 1681 1631 1681 1681 1681 1681
24 1455 1455 14!'5 1455 1455 1/,55 1455
25 1230 1230 1230 1230 1230 ,230 1230.......__,,-~- .==r:::=.-;.~~:":_ . _~':'" •.,...,..."....... :.:..-..'''rr".,,"~:~'''''''''''

g~-.-----------------t
1. ~2 1~15 1.18 1.21 1.24 1.27
15 16 16 17 17 18
69 71 74 76 79 82
i 7.~ 130 135 191 196 202
327 336 346 356 366 375
:139 55<1 569 585 600 615
n4'"'1 836 (}59 882 905 928or ,J

11:::1 i :53 ~196 1228 1260 1292
1456 1.195 153A 1572 1G09 1646
174~ 177n ,815 1848 1874 1896
1931 194e. i958 1953 1970 1972
1979 1983 ,984 1986 1989 1991
1992 ,99,.1 1985 1996 1997 1998
1998 19ge 1999 1999 1999 2000
1999 2000 2000 2000 2000 2000
2000 2000 2800 2000 2000 2000
200(: 2000 2000 2000 2000 2000
2000 2000 2COO 2000 2000 2000
20CD 2000 28::10 2000 2000 2000
2008 2000 2000 2000 2000 2000
1905 1906 1206 1906 1906 1906
W31 1681 ~681 1681 1681 1681
16.55 1455 ;'-'·55 1455 1~55 1455
1230 ~23() 123') 1230 1230 1230=.=·,.···~·_~~~·~".c~_~;_~O""'_=.==="~~~~_.~_...!

Table 3: Electric power ~kWl of the GfJO i;\ 2.CM'N 'Ninci [,,:bi'w (;al(;ui2.~(0(! in ~u:lctioll 81 wind speed a
hub heigtl! Ws [rn/s] tor ciifierent air Oon5;'.i05 ikg/I~l";

(ref 20 1211 i GG90C !fl.EFWC)

/8!:,,' 1)('; f.'(Jl (('1') t.\lr[lt,l!I;'"
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Title: G90 IA 2.0MW 50/60 Hz Wind Turbine !'l'ower Curve

2500

2000

, _-- dc~;ill' 1.223 "-glm3

5 10 15 20 30

Figure 1: Power curve of tile G90 1/'1 2.0M",l ,,'lind ~L':b':le to: standard atmosphere
(density = 1.225 kg/m:') (ref: 20121; f5GDOC1AERI-'C)

5.2 ANNUAL ENERGY PRODUCTION

Table 4 shows the annual enerqy output [MWrl for :he G90 1,1,2.')1.11/-: Wino 'l)roil'e calculated for different
Weibull distribution parameters Wu", [nvs] and K. J\!i values are carculatec ~c)r ,.225 kg/In:' standard density
ll~ld 1QU!., turbulence intensity.

Table 4: Annual cncrcv production for the G90 IA 2.0MW wi:ld turc.nc lor c':ffcr8~'t \Nc!buli parameters W"'!O
[rn/sj and K, in standard condittons. (ret: 21) 12 r 116G90C iAEfl'PC'
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5.3 CP AND cr CURVF.S

Table 5 represents the CP and CT values Ior the G90 1('.. 2.0MVV Wii~d turbine.

r= =T=-"==~==~~=I WS[m/SLj__~:rl~_-!
I 3 I 0.163 0900 I
I 4 0312 I 0.8'<3 I

~ I' ~.;;~ ~:~~~:

7 o 443 0 pi]7 I
8 I 0.4.::18 0.790'
9 I 0.-'.38 0./26
10 0.<;08 0.'332'
11 0.359 0.523
12
13
14
15
16
17
18
19
20
21
22
23
24
25

0.292
0.232
0.187

01104
0.309
O.2r13
0.195
0.150
0.132
0.1 ~3
0.093
0.086
0.071
o 06'J
0.048
0.038

Table 5: CP and CT values Ior t~-e G90 iA 2.0iv1W w:nc.l turbine
(ref: 2C12111GG90C1AEFiPC)

1.0

09

o.e

01

=(U;

t; 0 0
a:-
o 04

0.3

0.2

0.1

0.0

o

0.-152
0.125
O. :04
0.088
0.075
0.064
0.055
0.046
0.035
0.027
0.020

.25 30

Figure 2. CP and CT curves of :1'8 G90 1/\ 2.0r,t.'N 'Miq(i t~r:):':8
(ref: 20127 11CG90CIAEFiPC)

18f.·J,(J(!.'RUi ,'c.'ll/fdf!!('/!.'
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