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Who is Red Electrica de Espaia (REE)?

aREE is the Spanish o REE’s Shareholders composition:
Transmission System Operator Market
(TSO) Capitalization:
: . : 1900 Million €
o REE is operating the mainland Rreeifloat on
and the island systems 0%
SEPI:

edad Espafiolade
aciones Industriales
ate Holding Company

End
2011

L pookvikmen 19622 /
EEE ——
s2208400kv 3L
Transformers 400X kV [MVA] 71047

SubsSt.
/ 3 /36

First independent TSO
company in the world, in 1985

Guarantees the adequate
operation of the Spanish power
system
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17 GWins
) 66 TWh

640 GWlns
2 650 TWh ‘
. -

'5”':.?,,” RED ELECTRICA DE ESPANA Where are we?
I:I ENTSO-E CONTINENTAL
E ;ur:e.yr 97 GWins
[ vest 413 TWh
- ENTSO-E NORDIC
B enrsoeuk 333 GWins
- ENTSO-E Ireland =~
[l 'Psiurs 82 GWins 1 300 TWh
409 TWh *

42 GWins
198 TWh

b J

40 GWins

164 TWh ) J

Source: EURELECTRIC (2006), NORDEL (2008), UAPTDE (2008), TEIAS (2008), UCTE (2008) & REE (2008) “European, CIS and Mediterranean Interco ction: State of
Play 2006 Joi RELECTRIC-UCTE
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Where are we? international interconnections:

140

Core + "satellites’ Import Capacity/Installed Capacity (%)

UK + Ireland

&

= \Winter 2009-2010
Central Europe

m Summer 2010

Ny

The “Electricity Iberian Island”
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Installed capacity and demand supply 2011:

Technology MW %

Installed capacity January 2012

Mini-hydro Biomass  Cogeneration
6,3%

4,1%

Demand supply 2011

CHP Renewable
1,6%

Solar_—
3,6%

Fuel-Gas

Small Hydro 0,0%
1,9%
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Nuclear

Fuel-Gas

Combined cycle

Total (ordinary regime) 61 238 63.0
Wind power generation

Solar PV

Solar CSP

Biomass

Micro-hydro

Cogeneration

Waste treatment

Total (special regime) 35945 37.0

Total 97 183
255179 GWh = 172 177 Net Ordinary Regime /
+ 92 353 Net Special Regime
- 3245 Hydro-pump storage
- 6105 International exchanges

e
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Present Wlnd power capacity and evolution

Installed Wind power generation evolution 1996 -2011

22.000
20.000
18.000
16.000
14.000
5 12.000
= 10.000
8.000
6.000
4.000
2.000
. . 0 B
Installed Wind Capacity January 2012 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Renewable Energy Plan Planned 'n?;ﬂa\‘/l\l;)ed capacity
(PER 2011-2020) —— —
Onshore wind power 27847 35000
Offshore wind power 22 750
PV 5416 7250
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Spanish Peninsular
Power System: Evolution

of the generation mix.
Other Special .-~ .

Regime

Solar
=—1998 | O\ -
e 2 ()08 [R]evolution?

' ?
—2016 o what [r]evolution”
thermal o
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Installed power (MW) by voltage level (kV)
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...and the sun-rise(s)!!!

= Histérico - 2 Funciones (Sol) -

Ativer | Medida seleccio noda | Feche: | Hora inicial | Hora final |
[| |DEMANDA NACIONAL /10 4 3 wiDic w| 2008 wl|| 0 w0 w||2w 0w
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REE’s solutions for safe integration of renewables:

Requirements for generators
Power system studies
Wind & solar forecast tools
Monitoring &Controllability
Network developments
Industry response

-
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REE’s solutions for safe integration of renewables:

—

Requirements for generators
Power system studies

Wind & Solar forecast tools

Monitoring &Controllability

Network developments

Industry response
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Wind farm requirements / Power system studies:

o Ministry Plan H2011 (October 2002):

off-peak

Wind in Spain. DS3 AG Dublin 2nd Feb 2011 Juan Ma. Rodriguez 18 /36
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Wind farm requirements / Power system studies:

Technical Requirements for Wind Power Plants.
o Remain connected to the system in case of faults in the network (3/2/1
phase shortcircuits), allowing the protection system to clear the default (fault
oVoltage—time at the connection point to be supported oPermissible active & reactive consumption
values during voltage situations (P.0.12.3)

(P.0.12.3)
. Situations where Re@xwe Current / Total Current (pu) Fault and restaration Marrnal operation
. generators must remain 1
(pu) disturbance 0g ;
connected g
1 i 0.95 pu Generated
0.8 ! : reaciive
' P : pawer
-
06| |==—+ -
2 phisolated faults Voltage at the
i 5 poetwork
0,2 05 035 connecting
——" s point (pu)
H S50rpe
Faylt duration Clearance of the fault reactive
power
0 0.5 1 15 Time (sec)

« Limits in power consumption (P,Q) during the fault
and recovery: exception periods - =150 ms- and
Wind in Spain. DS3 AG Dublin 2nd Feb 2011 Juan Ma. Rodriguez lower restriction for unbalanced faults
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Wind forecast tools “SIPREOLICO’”: mean absolute error.

o Critical time horizons are 24 or 32 hours ahead for D-1 reserve
evaluation and 5 hours for real-time evaluation.

o Positive evolution in forecast error in the last years has resulted in need
for fewer reserves to cover wind forecast errors, specially in D-1.
30 ~

25 -

20 | l;/

15 A

10

O T T T T T T T T T T T T T T T T T T T T T T T ! /
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46

Prediction horizon, hours

N
\

% Mean Absolute Error / Average production

Wind in Spain. 2006 2007 = 2008 2009 2010 36
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Monitoring &Controllability: CECRE
Special Regimen Control Centre

CECRE is Integrated in REE’s control
structure

- Communication with generation
Control Centres for supervision and
control instructions.

- CECRE does not telecommand
generation equipment; this function
iIs done by generation Control
Centres.

- CECRE issues generation limitations
through the SCADA system to the
Control Centres.

Link and
telecomman

d Lmk and telecommanfrk d tel d CECRE: Special Regime Control Centre
INk and tefecomman RESCC: Renewable Energy Source Control
Centre
DD: Delegate Dispatch for conventional
generation
e

Wind in Spain. DS3 AG Dublin 2nd Feb 2011 J¥n Ma. Rodriguez 21 /36

/—A\




s

S RED ELECTRICA DE ESPANIA

Checking the security with the real-time wind scenario:

o CECRE analysis in real time the maximum wind generation supported by the
system.

o If curtailments are needed, wind generation set-points are calculated and sent.

o Wind parks must adapt their production to the given set-point within 15 minutes.

@ Th
(o) - (rasery CECRE (cemas

20 minutes calculation

Real time frequency
measurements

Set points

GEMAS: Analysis in rea

o Presently only done for wind generation, but a similar tifenneetrgﬁgp]a;%rgwtvevi
methodology can also be applied for all renewable energy the system.

sources.

Wind in Spain. DS3 AG Dublin 2nd Feb 2011 Juan Ma. Rodriguez
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Industry response: Evolution nf installed

certified capacity
circa 500 MW do not

currently manage the

18000

16000

14000

12000

10000

8000

6000

fault-ride-through 18390

1 mInstalled Capacity (MW) —

capability!

nnnnn

4000 -

2000 A

. mCertified Capacity (MW) 13784
11655 .
RD661/2007
(25-MAY-07)
9653 P.0.12.3
mandatory for
«bonus»support
8046 &P.0.3.7
“programming
non-
dispatchable
generation”
[
RD436/2004 P.O.12.3 29-Jan -2007
(12-MAR-04) (4-OCT-06) Pr0_ced u_refor
Incentive for Requirements certification of
withstanding forwind wind generators
voltagedips generators and wind farms
2004 2005 2006 2007 2008 2009 /
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Industry response: recorded wind generation trippings.
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Voltage control test by wind farms:

transmission
network

Wind special
regime
30 140
PRU  PRUEBAA1 —PRUEBAA2 PRUEBA  PRUEBAA4 PRUEBA A5
25 __EBA A3 A
- 135
=iy o 20
SE 220 kV VALLEJERA 1
6 wind farms. 3 15 - 130
S
~ | >
= 10 x~
5 - 125
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Influence of wind variations on reserves:

Wind in Spain. DS3 AG Dublin 2nd Feb 2011 Juan Ma. Rodriguez 7 / 36
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Challenges for the Spanish power
system Balance feasibility during

«@ff-peak hours

38000

36000

34000

28000

26000

24000

22000

Downward tertiary
reserve exhausted in
hours 2:00-6:00

Real
VW 03/03/2010 04:30
23653 MW
Ve pe CO2 2564
Minimum demand
23 653 MW

10
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16

Maximum
demand
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18

l

High wind ‘
production during \ ‘
off-peak hours

Ciclo combinado Mw

Edlica Mw

Generacién €02 asociado a generacion

9000

2000

7000

6000

S000

4000

3000

2000
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0
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14000
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10000
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Wind power curtailments (Year 2011):

42000 40666 40. 666 GWh

19.314 GWh

19314

0

DN Fault ride Generatio_n
constraints constraints through /consumption

balance
(2011) Total: 255 179 GWh
Wind: 40 063 GWh
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Challenges for the Spanish power system:
Transmission system.

2012-2020:

[

Total investment

(without special
projects): 9695 M€

jo
A Y]

Wind in Spain. DS3 AG Dublin 2nd Feb 2011 Juan Ma. Rodriguez 30 /36




Beginning of disturbance
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More demanding requirements:
o new fault ride-through (FRT) capability

V?;’La)ge Voltage 0,85pu to be supported until < 30 min
o Voltage dynamic control:
Voltage before fault
/ only synchronous generators
v | I— T | | | | 1,1
/ ':- JP/, '2»_)%?/ R e e T E_.»L_H‘_*m“:&;t
085 12l
I (20 / 40) wind GW with VDC  _|
™
0,2 | I _
0 k <
0 015 05 1 Time (sec.) — i - 0§
h! B
ANE 40 wi i o
: - | wind GW without VDC i
kew 0 Dynamic control of active current £
0.2 pu for three-phase faults and 0.6 p.u. for 2-phase faults [ B
possible violations should be eliminated before 100 ms | < P, V it V <085y p,>0 — —1
*=(095)? =DEYPo
0,4 . — —
IaS(O,QS)ZV ifV<085yp,<0 '
Po / " L ll.ooon ! al.oao-o I al.anna I II. LT . coooe (),1
0,95 l/

PO _ °.0 0. SO000 I Lood - lSE_EECD;:‘DS] 2_E000 SEo00
/ /{ a2 0,4275 (v-05)
] #05<V <095 o Shortcircuit current reduction

a f/P control..

1,20 if V<05

0 02 05 085 095  V(pu)
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Implications in dispatching: prognosis 2020.

(MW] Otherthan RES
RES spillage technologies inthe RES production
market

ﬁ m Scenario:

— _ = 34.800 MW wind,
ermal conventional

units needed to
guarantee:

m 3.800 MW TS +

e Feasible generation balance
® Operational reserves

e Stability in case of perturbations
|
e \/oltage control 6250 MW PV
e Shortcircuit current
e Damping of oscillations

m Days with high renewable

Integracién y vertido de renovables en el sisterV4 - Horizonte 2020 resource, itis not pOSS ible

| to integrate all RES.

40,000 |

*it YA Ty I LY % Rl " REE estimations on RES:
o 1 REVIER ml kg 1 M il M wuu W iy M il ‘f m’ « illage”: 2,3
20000 |]'" i iinhnmhjx il lhmllnﬁghﬂuh l“l nmllihll“lhnu u||| I r mn il ‘i |] ll] mu]mmxumh lll""h‘ | mt“'lm i “S“gu"“'hi“'h'“m“'hu“ i “] average spiiliage : <,

TWh, equivalent to 3,1% of

Mw

10,000

yearly wind production.

-10,000

-20,000
= Min R.O. Necesario mmHid. Fluyente (medio) mm RE Cogen. . RE Bio-RSU-RSI = RE Mini-hid. RE Solar FV
s RE Termo-Solar s Eolica 1 -~ 2020 Eficiente —Dem.Efi.+Export.+Bomb. —Vertido E
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Conclusions:

o The Spanish Peninsular Power System has integrated successfully
more than 20 GW of wind power.

o the CECRE and RESCC facilitate the integration of special regime
generation and in particular RES in the System Operation.

o As safer the integrations is, more renewable energy is able to be
integrated without reducing the system security:

o special tools
o more demanding requirements.

o networks.

aBut not closing...
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