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Background (I)
Installed capacity october 2012
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Technology MW %

Combined cycles

Hydro-power

Nuclear

Fuel-Gas

Total (ordinary regime)
Wind

Cogeneration & Other RE
Solar PV

61.000 61,5

Special regime hydro
Solar CSP

Biomass
0,8%
Waste treatment

Total (special regime) 38.133 38,5

Total 99,133
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Background (11 — I
Installed Power Special Regime
Waste Treat. Tecnologia MW %

_\
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Cogeneration &Other RE
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1,7%

Mini-hydro
5,3%
Special regime hydro

Solar CSP
Biomass

Solar CSP
4,9%

Solar PV
11,0%

Waste treatment
Total Special Regime 38.133

Energy produced in 2011

Technology GWh %

Hydro RE
Other RE
Total Special Regime 92.353
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Characteristics of RES Generation
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= Variability depending on primary resource.
m RES don't follow needs of demand/consumers.
m Back-up dispatchable generation must be ready to co mpensate

fluctuations of demand and RES generation.

= Some times very little net demand/'space’ for dispa  tchable generation. >
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Wind Production Records

Tuesday Sunday Monday Wednesday  Thursday
Wind Energy Generation Monday
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Hourly energy (MWh) -

Daily energy (MWh)

Demand coverage -
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215%
Monthly demand coverage
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Demand vs. Wind production. Maximum wind power generation Demand vs. Wind power with wind generation
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Wind Production ~ ====Demand  ====Wind Production/Demand Wind Production ~ ====Demand  ===Wind Production/Demand
. Maximum: 64% of demand (24/09/2012 3:03 h)
= Maximum: 16.636 MW (18/04/2012) . o
Wind production: 13.285 MW 6

= Minimum last year: 85 MW (11:34 h, 11/09/2012) Demand- 20.677 MW

Mimimum < 1% of demand
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Maximum contribution of wind generation to demand
coverage

o 24/09/2012 at 3:03 h: 64,25% of wind production
Hydro-Power Technology MW %

3,16%

Coal 4,98%

Combined Cycle
3,90%

Exchange Balearic Is. .
-0,39% Exchange Balearic Is.

Solar: 0.25% International Exchange
; U. (]

Other RE
Combined Cycle
Hydro Pump

Total 20.677
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Reasons for the occurrence of a technical limit (I)
In order to ensure the electrical supply, el Operator System needs the

generation units to supply enough:

> Inertia

» Load-Frequency Control

> Voltage regulation

» Load following capability

» Robustness to disturbances

» Firmness in power injection
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Reasons for the occurrence of a technical limit (Il )

» Even a technology that met all technical requirements above
would be limited by the demand of the system and the export

capacity.
»But in general, to different degrees, neither the wind farms nor

photovoltaic plants satisfy the above requirements satisf actorily.
» That implies that other technologies have to be present in th e
generation mix to provide permanently the electrical syste m of

these features and services.

» If other technologies have to be present, the net demand/“sp ace
left for non-manageable renewable energies (wind + solar) i S less
than the theoretical "demand + export capacity”.
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Reasons for the occurrence of a technical limit (I )
Non manageable renewable energy
» Non-manageable Generation definition (RD 661/2007):
« Primary energy source is neither controllable nor storable . Production control implies
primary energy spilling.
« The firmness of the forecast of future production is not enou gh to be considered as a
program .
» Production depending on available primary energy source.
» Connection without having into account the needs of the syst em.

» Necessity of additional reserve in the system.
> No participation in the balance mechanism of the system.

» Uncertainties associates with their production.

10
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Reasons for the occurrence of a technical limit (IV.- )
System balancing

m Presently, with 22 GW of wind and 6.1 GW of solar v  ariable RES represent
19.3% of the total energy produced.

m If wind and solar were to supply 50% of the demand with the same
proportion as today:

0 The Spanish system would need 57 GW of windand 16  GW of solar.

0 11% of the time wind and solar production would be greater than the demand.
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Reasons for the occurrence of a technical limit (V)
Low capacity factors

= Low capacity factor (low produced energy per MW ins talled).

» Higher need for transmission lines than conventiona | per unit energy.
/ November 3rd 2011 _\ /_ November 6th 2011 _\ / November 7th 2011 N
EY. 77 N s 2 e

Heavy flows from the North- Heavy flows from the East to Heavy flows from the East and

West to the center and East. Low the center and North. Low South-West to the center and

hydro and CC. / Khydro and CC. / Qouth. High hydro and CC. /
12
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Present limits and curtailment causes ()

» Evacuation infeasibility in the Transmission Network
» Evacuation infeasibility in the Distribution Network
» Non-adequate behaviour of the units after an incident

» Load-generation balance infeasibility

13
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Present limits and curtailment causes (ll)
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® Transmission Network ® Distribution Network  Voltage dips = Balance

= Presently very low level of curtailments. 0.18% of total ava ilable wind
energy in 2011.
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Influence of the international interconnections ()
Contribution to the mainland electrical system
FRANCIA
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Influence of the international interconnections (Il )
Spanish interconnections capacity

Interconnection capacity compared to installed capacity
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=Limited interconnection capacity with France, secur ity link with the
European Interconnected system. In practice almost an “electrical island”.

10
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Influence of the international interconnections (Il )
Next increase In the capacity with France

New interconnection line Spain-France: L-400 kV Bai  xas-Santa
Llogaia.

» Planned in 2014.
» Capacity: 2 x 1000 MW.
» HVDC VSC technology:

e Active and Reactive power permanently controlled, avoiding overloads.
 Prevents from disturbances propagation.

* Lower transmission losses.

 Lower environmental impact.

o Converter stations more complex.

* Need of filters to limit generated harmonics.

e Contribution to system security lower than AC technology. 17
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Increasing the limit of non-manageable renewable en  ergy (1)

—>
Increase of pumping capacity

[ Demand management ]

[ Increase of operating flexibility of thermal units ]

Increase of interconnection capacity ]

Participation in voltage control ]

Technical approach to conventional generators
PO 122

Improvement of monitoring and control from CECRE ]

Improvements of prediction tools ]

] 18
CECRE
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Increasing the limit of non-manageable renewable en _ergy (1)

> Theoretically, there is no limit in the installatio n (there will be limitation on
the economic, environmental integration,...), butane  xcessive over-
installation may generate operational risks.

> Thereis alimit for penetration of renewable energy for a giving time.

> The limit is not unique:

Penetration limit= f(demand and pumping at
instant, demand for the next hours, network state,
generation mix, interchange capacity,
technological adaptation)

Upper limit of penetration = Demand + Pumping +
Export — Nuclear power
— Regulating power units (Thermal + Hydraulic) —
Special Regime

....... and it will be calculated by CECOEL/CECRE in real time.

19
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Thanks for your attention!
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