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1. Introduction. Worldwide wind power installed capacity G nav

ftm AL, " > e L
B IR AR amesa
Top 10 cumulative installed capacity Total capacity MW o
(Dec. 2005) Gemany 18,428 31.0
Spain 10,027 16.9
Hestof the us 9149 154
world _
ML il _h--HM India 4. 430 7.5
Japan Germany Denmark 3,122 53
China
T Italy 1717 29
itﬂ"_'.l' ) LK T,353 23
N— China 1,260 2.1
Japan 1231 2.1
India NL 1.219 21
Spain Top 10 — Total 51,936 87.5
Us Rest of the world 7.368 12.5
World total 59,322 100

15 de noviembre de 2006 3 .



%,

Introduction. European wind power markets in 2006 N,\d
fE4>: 20064F KK i XL T3 Gamesa

EU - 48,027 MW
ACCESSION COUNTRIES - 68 MW

EFTA COUNTRIES - 325.6 MW oy
314

Pirineos Mountains:
Spain is an “electric island”

VHHE 52— g AR

Source; EWEA (W W ewaa arg)

SePl,. FWFA
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Wind power penetration in leading European markets

Kk BAE EE BRI B nFrxE—5) Gamesa

Wind Power
Installed Interconnection Total Installed +  Total Installed Wind Power Capacity / Total
Country Capacity (MW)  Capacity (MW) Interconnection Wind Power Capacity / Total Installed +
% e %ﬂ{’nﬂ% g Eﬁy Jcr | Capacity (MW) (MW) Capacity (MW)  Interconnection
. ISETIkaS KL R KRN/ N2 EE  Capacity (MW)

Spain
lip%i

Dennmark

Fi%

Germany 130 037 148 687
1 [

* Source; Eurostat & Gamesa Analysis. 2005
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1. Wind power penetration in leading European markets (ll) C nuv
R 5 A 25 B R BR U T 7 B BRI amesa

Wind Power Penetration* (MW)
M 7&K B EIEeE] KL

20,0%

16,5%
_ o

15,0% 13;4% 12,4%

10,0% — ]
5,0% —
0,0% , ‘

Spain PIEF Dennmark /| # Germany £ [

* Including interconnection capacity. 2005
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1.  Why grid integration has been a great challenge in Spain? G 4“
St v PR 25 F B BE SR v — A BBk ik 2 amesa

% Atlantic low pressure fronts can make the instant wind power generation
change from a few hundreds to several thousands of MW in a few hours
RV AR R m] A X & AR I A L d A S LA /N ISF AL T B
W JLE TR

% Because the wind power penetration is really high (+15% as of today, 2nd
largest worldwide)

T LR LA A A T ) e ke LA b I LU R = CH AT Sl
15%, A7 JE S =)

% Because Spanish is an “electrical island”: only 3% net interconnection

capacity with neighbor countries

VHPE & H AR, AT U I [ 545 2113% 11 L
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2. Main Challenges. Adjusting Generation and Demand (1) 3/ \4
Hhile: IR PR S FHR (D Gamesa

Demanda de energia eléctrica
Manrtes, 13 Mar 2007 16:12:00 Demanda Real 32.690
Prevista Actual 32600 MW Programada P24 32.561

ompE 4L 4 L L L4 L4 L L1 L] L Ly L] Eajj %*?Dﬁjlj\lu

Lahg . Generation Program
] ) R
Real-Time Demand
SIS SR
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2. Main Challenges. Adjusting Generation and Demand (l1) %AV
Phil: JREHD B SR (D Gamesa

QS

% Problems:
] et
= Wind power generation output cannot be governed (it depends of the wind
speed in every moment)

R R HLIR A R JGYVR A 3 O P o 2 AR 2 e 1) )
= As a result, the instant wind power generation in Spain can vary from a few

hundreds of MW to +9.000 MW (up to 30% of the instant power demand) in
only a few hours

FEVGYEE, M H IR IS A W e JUAS /NI A AT EUOMOL T MW 22+9,000 MW CAH
= FBEIN L) R R EE130%)

= |n order to manage the total stability of the electrical system, this fluctuations
must be managed

AT RUEEEAS L) RGASE T, MR T 243 242
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2. Main Challenges. Adjusting Generation and Demand (lll) __ VAV
Hhii: TSR BER S TR (D Gamesa

% Solutions:
Zhie:
= Development of short term wind resource prediction model
KR A SR TGN R St

= Every wind farm has to summit to the System Operator (Red Eléctrica de
Espafia) the production forecast (generation program) for every hour of the day

ahead.
NIRRT REEH R (Y EZ M AT $E88 N REA /N
K HE B T

= The wind power day ahead program is added to the country’s generation
program (coal, gas, nuclear, hydro) and adjusted to match the demand forecast

A3 L R SBGIIRE > 25 5N N 2R [ K (0 i D R e (G 2, K
LD AR T A T SR A T R4 7 I 4
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2. Main Challenges. Adjusting Generation and Demand (IV) __ VAV
Phil: ARG SR (V) Gamesa

% Solutions:
451
= |n this way the System Operator only has to manage the deviations between

programmed and real wind power generation using the power regulation
protocols as usual.
ARGUEAT 5] LA ] © A RO BERAE, A U R L 300 B 2 o P
2 TR) A R R R ]

= Economic Signal: the wind farms have to pay a penalty for the deviations

between the programmed and the real generation every hour (typical errors are
between 10% to 20%).

29t B A5 IR R B AR /N IR AR A L s T g S A L AN
£F, WA B s il (225 il ££10%3020%) .
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2. Main Challenges. Adjusting Generation and Demand (V) 3/ \4

Phik: WERE DN EFTFR (VD

Camesa

Can a wind energy forecast tool be accurate on the one/two day ahead timeframe?

P T3 F IR TR A5 AT BASR AT — R BRI R AERA I TR & R R ?

Casandra example:
Casandra Model Scheme

Global Model data

T

PROMES

WS, WD, P. T, etc. forecast l

WIND FARM MODEL

! — Ideal WP forecast
,ﬂ (kWh)

<edlii'y Che%

Real production data

S

Corrected WP forecast

Wi APOLO MODEL
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CASANDRA
La Plana W.F. (18 MW), Aragén, Spain
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Commercial simulation model developed by Gamesa for forecasting of wind generation

(to be applied for WF which want to make energy bids to the electrical market)

BRI 2y W) TR AR PREIN IR e L ) R AR B AR ¢
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2. Main Challenges. Adjusting Generation and Demand (VI)
hik: HEERE AN EFR (VD
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SIPREOLICO
Spanish Wind Farms
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Simulation model developed by REE with on-line measurements
taken from Spanish WF
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2. Main Challenges. Adjusting Generation and Demand (Vi) §A§
Phil: RN BER SR (VID Gamesa

Predictions of the meteorological model Simulation tool of market behaviour
SETN RS THE TR

MARKET OPERATION SCHEME

Clearing

price

Basic

programming

L 4
! @ § s = I Domestic Bilateral contracts ] operative
% O- - ‘\‘}{3/; = CONGESTION CONSTRAINT RESOLUTION
{ : WS, WD, P, T, etc. -L a8 daily
pr— -
R s

| ANCILLARY SERVICES - i
ble program
WIND FARM OTHER TECHNICAL
MOIDEL — 6 INTRA-DAY MARKETS MANAGEMENT PROCESSES ——
I
Farm O Hourly Program
forecast T =
arrected WP R - -

forecast [ Operative

=] B Hourly program
[ \"\'\\ .»;’i[.]. MARKET OPERATOR SYSTEM OPERATOR

Best forecast possible Minimization of deviation costs &
R 5523 H T maximizing income

AR 5 WA BRI
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2. Main Challenges. Voltage Dips (I) S /\ 4
Phik: FUEZRME (D Gamesa

% Problem:
7] 2 .

= Because of shortcuts in the HV lines, temporary voltage dips happen in the
electrical system

T m R Z R R, W RS o AR IR U SRR R

= This voltage dips trigger the protection systems of the wind turbines,
disconnecting the wind farm from the grid

R L R SR B A R B R ORI RS, I X AL 37 458 A

= |n some areas of Spain, and under some circumstances this could mean
loosing thousands of MW of instant power generation in less than 1 second.

FEVGILSF 1) — L8 X, XMW AR BI IR T Y T e 450K JL 1A 0 T kG
[R5 L B
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2. Main Challenges. Voltage Dips (I) S /\ 4
Phik: FUEZRME (D Gamesa

% Solution:
58

= Development of the “Active Crowbar” technology, which provides the wind
turbine “Ride Through” capabilities

R R TOR A XL AT 58 g T R B 7

= Economic Signal: wind farms with “Ride Through” technology receive a higher
price for the electricity generated

2000 T B RAT B U BRI ROR I A i3y, ik L s i) A A i v 1 Ik
BRI HL
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2. Main Challenges. Voltage Dips (l)
Pl HEERREE (D
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. Reference Voltage Dip TSO
WIS R 2%

. Evolution without Ride Through Tech.
TolE AR

Evolution without Ride ThroughTech.
A A

Voltage
A
1 p.u.
0.8 p.u- \
\\,/ i
Wind v:\ Disconnection
Farm !
2 :
Forbidden
Ared
| ! | | >
I | 1 | gl
0 0.5 1 i
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2. Main challenges. Voltage and reactive power regulation 3/ \4
Hhile: AR DT Gamesa

% Problem:

1) el -
= |nitially, wind turbines could not regulate voltage, nor reactive power, resulting
more electrical loses and a less stable grid behavior

A, WA BES B s s e DT, Nt i e B2 (1 L
PRI ITAL B RS 1

% Solution:
58

= Development of power electronics for generators allowing reactive power and
voltage control

R L R AL DA 2 A e Bh Bl o4 A F P T S AR
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2. Main challenges. Voltage and reactive power regulation nuv

Bkih: HLEAITCIITh R Gamesa

« DOUBLE-FED INDUCTION (DFIG) (GE,Gamesa, « SYNCHRONOUS FULL POWER (Enercon)
Vestas)

6] & Wil (Enercon)
XU N & LML (GE,Gamesa, Vestas)

Advantages: variable speed (more efficiency), reactive control, low

'  (only 10% h ; fors) Advantages: variable speed, reactive control
_ . harmonic (only 10% power through converters) e FIASHE, DhR AT
(U= EIEEJEEEE%GZK% AR NET i, BT %

Disadvantages: more expensive, harmonics
R kg e DT

*)
® .c
/ D.C. BUS RO
L1 j_ L2
] ELE O =i+ [E ]G
<_ 7 L1 L2
INDUCTANCES
CONVERTERS

(*) Excitation no necessary, if the generator has permanent magnets
at the rotor.
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2. Main challenges. Integration of wind farms in load control centres 3/ \4
Phiik: XUHL 373 -S 3 Hh 0 amesa

% In order to integrate the energy, the operational information must be also
integrated: 24 T SRR, PG DAL

System Structure: Renewable Energy Control Centers*:
RGLEEH:
ISO
Wind Power
Plant 1
Control Node Wind Power
B q Plant 2
Center Dispatch
Wind Power
/\ Plant N
Central Power Commercial
House Factory Station Building
i
Center for Operation of Renewable Energies (CORE). Iberdrola. Spain
15 de noviembre de 2006 20 .
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3. Final Results %5 Gamesa

% In Spain wind power is not an alternative energy anymore. It is a
conventional power generation source fully integrated in the electrical
system, which accounts for a large part of the country’s consumption

TEVEPE, KAREC A2 Ah AR . MO ) RGN AR 2 —,
e B A R i AR ORI EE

% Today, more power is generated in Spain by means of wind power than by
means of hydro power
FURT,  PHYEF KBER A& H ) i 2 vy 1K ) &

% At the same time, the power supply quality has not been affected at all.
Spain has a world class electrical system:
[FJINE, PR i T AT AT T B P PES AT R T R4

= As of 2005 the equivalent yearly interruption time was only 2.18 min. (this
means a 99,9996% reliability)

20054, PRI P N 2.180 B (AT EEME99.9996% ) .
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3. Final Results %5 %# Gamesa

&% This has been thanks to:

P IXEE N Ty F

= Strong and successful cooperation between all the industry stakeholders:
System Operator engineers, Wind Power engineers, power generation
engineers and other experts working together

R G 2 58 R ) & 1F, S8R GEERE TR, A TR,
DL TTRENR A AT Lok Az

= Demanding grid codes and technology standards
refy SRR R IR D) A B AR B

= Correct economic signals for the market players
IERR AT B
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4. Conclusions and recommendations based on the Spanish § Q

Experience C L/ \ 4
MFEHEF ) 250 v 75 HH P 45148 e B L amesa

% Although today it is not a problem in China, the amazing development of
wind power in China will eventually put stability constraints in the electrical
systems in the mid term

SR E H AT A TH G IX AN ) @, (H R A R 1 R ) A J P L AE AR SR 1T
JUEE N HL D R G Fa e Pk r= AR 52 i

% In order to face this challenge, China should start to work on it ASAP
N T R B, T E N s TR

% Involve all the players in the industry to guarantee success: not only State
Grid Corporation, but also WTG Manufacturers, WF developers and Power
Generation Companies

USIA N 0 BT 2 558 DLORUES R ) )by, I AN B S R 22 W] 1 51
., WS T RHLHIE . XA BT A i ST AT R R LR ]
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4. Conclusions and recommendations based on the Spanish § Q

Experience C L/ \ 4
MFEHEF ) 250 v 75 HH P 45148 e B L amesa

% To define, develop and implement:
E X KFES S
= Advanced grid codes
26 13 (A LRI

= Demanding technology standards: “Ride Through” technology, power
electronics, reactive power control, etc.

AR RIS AR RRHE: “BSHOPEOR . TV DD 5

= Right economic signals: penalties for deviations, incentives for high quality
energy, efc.

IERARI 25 T B i 22 ARG . X i o s e U A 22 ol 2%
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Muchas Gracias! Gamesa

Thank you!
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