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REE:
Mission and principles —

o System Operation (Since 2006 also in the extra-peninsular systems)

1 Operate the grid & coordinates its uses with the generation facilities in order
to ensure the security and continuity of the electricity supply.

a Transmission (Since 2007 as exclusive transmission company):
0 The development and the maintenance of the transmission facilities
0 Provide maximum service reliability
1 34000 km of lines and 60000 MW of transforming capacity

SHARE CAPITAL (Closure 2009)

Transmission Grid Closure
Main magnitudes (SPPS) 2011
400 KV [km cf] 19.622
<220 KV [km ct] 17.699
Transformers 400/X kV [MVA] 71.047 2o
<220 & 400 kV [n° bays] 3.951

SEPI: Spanish Stated Owned Holding Company
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Installed capacity
and demand supply 2011

Installed capacity January 2012
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Combined cycles
Total (ordinary regime)
Wind power generation
Solar PV

Solar CSP

Biomass

Cogeneration

Waste treatment

i

Total (special regime)

mMw %
16.657 17,2
7.455 7,7
11.085 1,5
1.252 13
24.789 25,6
61.238 63,0
20.775 21,4
3.977 41

1.150 1,2

77 0,7
2.026 21
6.098 6,3
1.202 1.2
35.945 37,0

Total 97.183

255.179 GWh = 172.177 Net Ordinary Regime
+92.353 Net Special Regime
- 3.245 Hydro-pump storage
- 6.105 International exchang%s

Present and evolution
Wind power capacity
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0 Renewable Energies’ Plan for Spain (August 2005) ~ 20,000 MW by the year 2010.

¥ RED ELECTRICA DE ESPANA

Wind power installed capacity evolution 1996-2011
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u Official Network Planning for 2016 contemplates 29,000 MW.

1am
265

0 Renewable Energies Plan for Spain (2010-2020): 38,000MW by the year 2020.
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Present and evolution
Solar photovoltaic power capacity
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(*) Date 1/5/2011

0 Renewable Energies’ Plan for Spain (August 2005) ~ 400 MW by the year 2010.
o Official Network Planning for 2016 contemplates 6,319 MW.

o Renewable Energies Plan for Spain (2010-2020): 8,367MW by the year 2020.

%" RED ELECTRICA DE ESPANA
Present and evolution
Solar Thermoelectric power capacity
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(*) Date 1/9/2011

o Renewable Energies’ Plan for Spain (August 2005): 500 MW by the year 2010.
o Official Network Planning for 2016 contemplates 3,381 MW.

0 Renewable Energies Plan for Spain (2010-2020): 5,079 MW by the year 2020.
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Commercial
exchange capacity.
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Transmission capabilities
of interconnections

—

e Importation capacity / Installed capacity (%)

I -

v
-
-
-

J »
=1
- - i
PO > ES=1,5% . I i UE 10%

i

TP
AL LG

MA - ES = 0,6%

o Limited interconnection capacity with France, security link with the European Interconnected

system. In practice almost an “electrical island”.

0 2014: new interconection with France

www.renewables-grid.eu 4
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Daily Load demand f—
Winter load demand record Summer load demand record
Maximum demand 45.455 MW Maximum demand 41318 MW
18:50 h 17/12/2007 13:26 h 19/07/2010
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0 Spanish peak demands 45 GW and off-peak demands of 19-25 GW. 9
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Wind energy S
production records

MAXIMUM PRODUCTION DEMAND vs. WIND PRODUCTION
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o Maximum production: o Maximum coverage: 60% of demand
14.962 MW (09/11/2010) coverage by wind energy (16/04/2012).
o Minimum coverage: less than < 1% of the
o Minimum production of the last year: demand (27/08/09).
318 MW (21/05/2011). 10
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Challenges and

Pillars to success

CHALLENGES PILLARS TO SUCCESS

I Generation management I

Demand Coverage

| Smart Grid |

I RE Forecast Tools I

Variability

| Flexibility |

I Power System Studies I

Technology limitations

L — I Industry Response I

. . *t"\'& » I Network Developments I
Distributed generation . ’v‘; I
‘@‘)_2_%~ I Monitoring &Controllability I11

%‘ RED ELECTRICA DE ESPANA
Demand coverage: .
Wind Generation

0 Balance feasibility during off-peak hours

www.renewables-grid.eu
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Running out of downward
reserve due to wind forecast errors

Wind reduction instructions, November 24 2008 (l)

On the morning of Sunday November 2nd at 8:00 h with one of the lowest demands of the

Q
year (~20 000 MW), wind prediction error hit 3 200 MW.
o Increase in error from 5:00 to 7:00 h too fast to have time to shut down thermal plants.
0 Spanish system ran out of downward reserves very rapidly and the only solution to balance

the system was to decrease wind production from 7:22 to 9:30 h.

Wind Prodection in WW
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Demand coverage: -
Solar Photovoltaic
e PV power plants:
| \J \
\ Wind
\ j
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Demand coverage:
Solar Thermoelectric
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Technology limitations

Wind generation tripping due to
their over-speed protection

820000
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Wind and Solar generation
tripping due to voltage dips
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| ——Wind Production 23/03/08-24/03/08

o Wind generation trips if wind speed
higher than 25 m/s.

u Wind power variation on this day:
1.800 MW.
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PVl SIS SIS S

o From January 1st 2008 all new wind facilities
must comply with PO 12.3.

u Of the installed wind turbines only 519 MW
have no fault-ride-through capabilities*

* Faults shorter than 100ms and voltages lower than 85% p.u.

www.renewables-grid.eu
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Generation tripping
due to voltage dips

SOLAR THERMOELECTRIC

SOLAR
THERMOELECTRIC

Synchronous generator

Similar to conventional generators,

but smaller

Good performance
facing disturbances

[

¥ RED ELECTRICA DE ESPANA

SOLAR PV

SOLAR PLANTS
AGGREGATION

Solar plant aggregation

P>2 MW

o The facilities that get access after July
1st 2011 must comply with PO 12.3.

a The facilities that get access before July
1st 2011 will have until Octobre 1% to
comply with PO 12.3.

Distributed generation:
Influence of geographical spread

T

Wind

Vartatubty of S04 s Zones Praducion vs Setal Spwin production
relatend with svedburm g thon)

¥ RED ELECTRICA DE ESPANA

/ Solar PV

Vartabebty of Spain s Tones Production vs Tetal Sewn peodution
1retated with muediomm e odfis Sann).

www.renewables-grid.eu
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Tertiary
energy scheduled

—

Q
ramps when these ramps are opposite to system demand.

Tertiary energy scheduled is only slightly affected by wind generation

Wind Power Capacity V. Tertiary Energy scheduled
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Observability, why?

Production
forecast
Real time
measurements

OBSERVABILITY
Avoiding
demand

forecast errors

Observability is required to have real time information of the :
production of the renewable energy facilities. Di
This information is used to make reliable production forecasts
for this type of installations.

Renewable forecasts are a basic tool for hot reserve
evaluation. Its accuracy affects the required levels of reserve
and helps dispatching manageable generation to counteract
renewable and non manageable variability.

VA

Receiving the real time measurements of all the generation
facilities allow the SO to distinguish between generation and
demand, avoiding demand forecast errors as well.

Hot reserve
evaluation

manageable
generation

COUNTERACT
RENEWABLE

spatching

RIABILITY

20
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Observability:
And if not, what?

forecast

Without a reliable

¥ RED ELECTRICA DE ESPANA

Demand forecast
errors

Increasing
Uncertainties

Increasing the
required level
of reserves

Reducing RE
production

Reducing the
Security of the
system

21

Observability
and Controllability

a After 01/07/2011.

¥ RED ELECTRICA DE ESPANA

RE facilities

aggregation

RE FACILITIES
AGGREGATION

RE facilities
aggregation

P>10 MW

[ Connected to a RESCC ]

OBSERVABILITY &
CONTROLLABILITY
T

1MW<P<10 MW

Connected to a RESCC or
Distribution Companies

OBSERVABILITY

22
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Grid constrains

Influence of renewable ener

November 3rd 2011
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Heavy flows from the North-
West to the center and East.
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integration in power flows
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Heavy flows from the East
to the center and North.
Low hydro and CC.
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and South-West to the
center and South. High
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Low hydro and CC.
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Transmission:

Planned reinforcements 2009-2016, partly due to RES integration:

Specifi_cinfrastructure
Whole planned infrastructure planned to integrate RES
- Lines and cables Total 400kV 220kv Total  400kv 220kV
. -’ - New ones [km] 12656 7488 5168| 4465 3504 961
o Refi tti ng [km] 8308 3850 4458 1730
. \
- v . Substati_ons Total 400kv 220kv Total  400kv 220kv
” - X ) New bays 3476 1163 2313
- New substati ons 399 106 293 39 20 19
Extension of substati ons 405 76 329 s 18 41
. 3 -
) Transformers Total 400 /220 kv 400 / 132 kv | Total 400 /220 kv 400 / 132 kv
» 2 Additi onal capacity [MVA]] 68540 52450 16090] 5305 3500 1805
>
gt » = Reactances and Capacitors I Total 400kv 220kv
d N - [MVAR] 3500 2800 1100
&S
oy .
24
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