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Installed capacity February 2011

Technology MW %

Hydro-power 16 657 17.5

Nuclear 7.455 7.8

Coal 10.789 11.3

Fuel-Gas 1 849 1.9

Combined cycles 24.641 25.9

Total (ordinary regime) 61.391 64.3

Wind power generation 19976 20.9

Solar  PV 3.634 3.8

Solar CSP 630 0.7

Biomass 684 0.7

Special regime hydro 1 965 2.1

Cogeneration 5 946 6.2

Waste treatment 1 204 1.3

Total (special regime) 33.791 35.7

Total 95.430
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260.230 GWh = 189.071 Net Ordinary Regime
+ 90.513 Net Special Regime

-4.412 Hydro-pump storage
-8.338 International exchanges

Demand supply 2010
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Present wind power capacity and evolution

 Renewable Energies’ Plan for Spain (August 2005): ~20,000 MW by the year 2010.

 Official Network Planning for 2016 contemplates ~29,000 MW.

 Renewable Energies Plan for Spain 2010-2020 ~38,000 MW.
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(*) Actualizado a  1/5/2011

Solar thermoelectric 
Present wind power capacity and evolution

 Renewable Energies’ Plan for Spain (August 2005): ~500 MW by the year 2010.

 Official Network Planning for 2016 contemplates ~3300 MW.

 Renewable Energies Plan for Spain 2010-2020 ~5000 MW.
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Solar photovoltaic 
Present wind power capacity and evolution
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 Renewable Energies’ Plan for Spain (August 2005): ~400 MW by the year 2010.

 Official Network Planning for 2016 contemplates ~6300 MW.

 Renewable Energies Plan for Spain 2010-2020 ~8300 MW.
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Legal framework (I)

 Law 54/1997 (Article 27: Special regime of electricity generation definition)

Electricity generation activities shall be regarded as generation under the 
special regime system in the following cases whenever they are carried out 
from installations whose installed power is no greater than 50 MW:

• Cogeneration

• Facilities that use some of the non-consumable renewable energies, biomass or biofuels as 

primary energy

• Facilities that use non-renewable waste as primary energy

 Royal Decree 661/2007

 Legal and economic framework for Special Regime production which includes: 

Type of installations that can be considered as Special Regime

Procedure to include plants in the Special Regime Register

Rights and obligations of the Special Regime producers

Priority of dispatch over conventional generation

Market integration

Economic framework

Requirements to participate in the system adjustment services

Cost of deviations
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Art 24.1.a: Sell through 
distributor or transport grid

 Feed-in tariff

 For some technologies (CHP, mini-

hydro, biomass…) depends on the 

periods they generate.

 Reactive energy supplement

 If P>=10MW units may receive 
instructions from the OS

 High efficiency supplement (for 

CHP)

 Supplement for voltage dip ride 

through capabilities (maximum 

period 5 years, until 31/12/2013) 

For wind only.

Art 24.1.b: Sell in the electricity 
energy production market

 Price of the organized market

 Premium: 

 For renewable energies: With upper 
and lower limits for the sum of the 
reference market price an the 
reference premium

 For non renewables: Fixed premium

 Reactive energy supplement

 If P>=10MW may receive instructions 
from the operator of the system. 

 High efficiency supplement (for CHP)

 Supplement for voltage dip ride 

through capabilities (maximum 

period 5 years, until 31/12/2013) For 

wind only.

Legal Framework (I)
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Less wind production than scheduled

 The generation that provides upward reserve gets paid for the energy produced.

 The generation deviated pays for the energy required to counteract their deviation (the energy not

produced).

Energy

Program

Measured production

Downward deviation

400 MW

300 MW

Upward Energy Price = 60 €/MWh 

Schedule Price = 50 €/MWh 

Deviation in favor of the system Pays Day Market Price.

 Income= [DMP x Energy scheduled] - [ DMP x Energy deviated] = (400*50) – (100*50) = 15.000 Euros

Schedule Deviation

Deviation against the system Pays the Max (Average Price of Upward energy used (SR, TR, DM), DMP)

 Income = [DMP x Energy scheduled] - [Upward Energy Price x Energy deviated] = (400*50) – (100*60) = 14.000 Euros

Schedule Deviation



RES Integration in the Electric System

RED ELÉCTRICA DE 
ESPAÑA

Energy

Program

Measured production

Upward deviation

500 MW

400 MW

Deviation in favor of the system Receives the Day Market Price.

 Income = [ DMP x Energy scheduled ] + [ DMPx Energy deviated] = (400*50) + (100*50) = 25.000 €

Schedule Deviation

Deviation against the system Receives the Min (Average Price of Downward energy used (SR, TR, DM), DMP)

 Income = [DMP x Energy scheduled ] + [Downward Energy Price x Energy deviated] = (400*50) + (100*30) = 23.000 €

Schedule Deviation

Downward Energy Price = 30 €/MWh 

Schedule Price = 50 €/MWh 

Deviations from the Schedule 

More wind production than scheduled

 The generation that provides downward reserve pays for the energy not produced.

 The generation deviated gets paid for the energy retired to counteract their deviation (the energy

produced).
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Type Influence of Wind Power on ReserveDefinition

Primary Regulation Not influenced by wind power

Action of speed regulators from generator units 

responding to changes in system frequency      

(<30 s to 15 minutes)

Secondary 

Regulation

Only slightly affected by wind generation ramps when these 

ramps are opposite to system demand. Presently, no need to 

contract further reserve bands. 

Automatic action of central algorithm and AGCs in 

the generation units that provide this service 

responding to changes in system frequency and 

power deviations with respect to France.         

(≤100 s to 15 minutes)

Tertiary Regulation
Only slightly affected by wind generation ramps when these 

ramps are opposite to system demand. 

Manual power variation with respect to a previous 

program in less than 15 minutes.      (<15 min to 2 

hours)

Running Reserves or 

Hot Reserves

Significant influence of wind power. Reserve provision must be 

increased to take into account wind power forecast errors. 

Presently confidence intervals used and probabilistic sizing of 

reserve needs under study.

Manageable generation reserves that can be called 

upon within 15 minutes to approximately 2 hours. 

Include tertiary reserves and consist on the 

running reserves of connected thermal units and 

hydro and hydro pump storage reserves.  (15 min-2 

hours to 4 hours)

Only slightly affected by wind generation ramps when these 

ramps are opposite to system demand. Presently, no need to 

contract further reserve bands. 

Only slightly affected by wind generation ramps when these 

ramps are opposite to system demand. 

Significant influence of wind power. Reserve provision must be 

increased to take into account wind power forecast errors. 

Presently confidence intervals used and probabilistic sizing of 

reserve needs under study.

Tertiary Regulation

Manual power variation with respect to a previous 

program in less than 15 minutes.                         

(<15 min to 2 hours)

Running Reserves or 

Hot Reserves

Manageable generation reserves that can be 

called upon within 15 minutes to approximately 2 

hours. Include tertiary reserves and consist of the 

running reserves of connected thermal units and 

hydro and hydro pump storage reserves.            

(15 min-2 hours to 4-5 hours)

Only slightly affected by wind generation ramps when these 

ramps are opposite to system demand. Presently, no need to 

contract further reserve bands. 

Only slightly affected by wind generation ramps when these 

ramps are opposite to system demand. 

Significant influence of wind power. Reserve provision must be 

increased to take into account wind power forecast errors. 

Reserves are checked from day D-1 once market results are 

received until real time.
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Deterministic calculation of reserves

15

• This method adds a certain amount of reserve for every uncertainty

Req. Reserve  = MLG + DD + WD + AR
 MLG (Maximum Loss of Generation due to simple failure): represents the biggest

possible generation loss (Nuclear Power Plant).
 WD (Wind power Deviation): this value takes into account possible wind forecast

errors.

 DD (Demand Deviation): this value takes into account possible demand forecast errors.
 AR (Additional Reserve): this value takes into account possible uncertainties due to

deviations between forecast and market schedules and the management of

international interconnections.



RES Integration in the Electric System

RED ELÉCTRICA DE 
ESPAÑA
Wind forecast use for reserve evaluation in D-1

 At 11:00 h in D-1 after market and bilateral contract programs are received, REE
checks if there are enough available running reserves for the next day.

 Probabilistic wind forecast used. Percentile 85 of wind production greater than
forecast.

 If reserves are not sufficient more thermal plants must be connected to the grid.
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Sipreólico evaluation 2005-2008
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Evolution of absolute error based on production

 Critical time horizons are 24 or 32 hours in advance for D-1 reserve evaluation and 5
hours for real-time evaluation.

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

Market program

Some days errors affect System Operation…
 On January 23rd and 24th 2009 the storm Klaus hit the Iberian peninsula. Some wind parks 

recorded winds up to 220 km/h.

 Most turbines in the north of Spain shut down due to their over-speed protection.

 Difference between real and forecasted wind production was greater than 6 000 MW on 

some hours, but since demands were low and thermal plants were connected in real time 

due to alert situation there was enough upward reserve to deal with these errors.
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Requirement for Manageable Generation

Demand

Wind production

Requirement for manageable generation

 Demand Ratio = D_max/D_min

 Requirement Ratio = 

Req_max/Req_min

 Due to wind energy and its 

behavior during peak and off-

peak hours:

 Requirement Ratio > Demand Ratio

 Steeper slopes (from off-peak 

hours to peak hours)
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Monotonous curve for demand and requirement 
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Requirement for Manageable Gen. (II)
 Requirement = Demand – Wind Production 

 Demand Ratio = Dmax / Dmin; Requirement Ratio = Reqmax / Reqmin

 Due to wind energy production and its correlation with demand:

Requirement Ratio > Demand Ratio

Steeper ramps for manageable generation

Displacement by RES of the generation that provides ancillary services
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Balance feasibility during off-peak hours (I)

High wind production 
during off-peak hours

Minimum demand 
23 653 MW

Maximum demand 
39 183 MW

Lower wind 
production on 

peak hours

Generation mix 
during off-peak

March 3rd 2010

Downward tertiary reserve 
exhausted in hours 2:00-6:00
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1 combined cycle units 
during off-peak hours

27 combined 
cycle units 
during peak 

hours
March 3rd 2010

Balance feasibility during off-peak hours (II)
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Voltage Control (I)
 RD 661/2007 Art. 29: Reactive power bonus or penalization. 

From +8 to -4% of 7.8441 c€/kWh depending on the power factor.

Periods do not distinguish between labor days or holidays so producers might 
behave contrary to system requirements.

 In reality it leaded to simultaneous connection/disconnection of capacitors.

Peak Inter

Off-

Peak

< 0,95 -4 -4 8

< 0,96 y Ó 0,95 -3 0 6

< 0,97 y Ó 0,96 -2 0 4

< 0,98 y Ó 0,97 -1 0 2

< 1 y Ó 0,98 0 2 0

1 0 4 0

< 1 y Ó 0,98 0 2 0

< 0,98 y Ó 0,97 2 0 -1

< 0,97 y Ó 0,96 4 0 -2

< 0,96 y Ó 0,95 6 0 -3

< 0,95 8 -4 -4

Inductive

Capacitive

Power Factor

Reactive Power Bonus

Type of

Bonus (%)
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Voltage Control (II)

 Voltage variations during off peak to peak 
periods (9/3/2009)

24
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 Voltage variation during intermediate to
peak periods. (7/2/2009)
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 CECRE may issue instructions to modify these table values if voltage problems
are detected in the transmission or distribition network.

 Before 1/4/2009, OS issue particular instructions for solving problems in certain
nodes of the system.

 From 1/4/2009, all the special regime instalations higher than 10 MW are oblied to
mantain an inductive power factor between 0.98 and 0.99.

 In order to eliminate sudden changes in the voltage profile corresponding to the

transitions off peak-intermediate-peak periods.

 In order to avoid high voltage problems in the system.

RD 1565/2010: Bonus for cos phi = 1; penalization outside 0.98.

Final Solution: continuous voltage control through the CECRE.

25

Voltage control (III)
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Renewable Energies in System Operation
 Facilitate the maximum possible non-managable generation integration.

 Creation of the Control Centre for Renewable Energies (CECRE)

Control and supervision of special regime generation.

Maximize RES production, but always keeping the electric system in a 
secure state.

27
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CECRE: functional scheme

Link and 
telecommand

CECRE is a control centre devoted to 
special regime generation and 
specially to Wind Power:

 Integrated in REE’s control structure

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

 According to RD661/2007 all special 
regime facilities >10 MW must be 
connected to a RESCC.

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

RESCC: Renewable Energy Source Control Centre

CCCONV: Control Centre for conventional generation

RESCCn

CECOEL / CECORE

CECRE

RESCC1CCCONV …

Link and 
telecommand 

Link and 
telecommand

28
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CECRE can also issue set-points automatically

CECRE                       GEMAS

Real time 
measurements

Calculated Set points

Set points

20 minutes calculation 
frequency

RESCC1 RESCCn
…

GEMAS: Generación Eólica 
Máxima Admisible en el 
Sistema

RESCC: Renewable Energy 
Source Control Centre

 CECRE checks with the application GEMAS if with the real-time wind scenario
the System is safe due to voltage dips or congestions.

 If not, wind generation set-points are calculated.
 Presently only done for wind generation, but a similar methodology can also be

applied for all renewable energy sources.
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Conclusions
 The amount of RES installed in the Spanish peninsular system has already a

great influence on system operation.

 The affection of short term fluctuations of wind power on primary, secondary of

tertiary reserves is reduced, as demand and the impact of sudden unscheduled

outages of thermal units is still more significant on these types of reserves.

 However, longer term fluctuations of wind power, present main affection to

system reserves, specially to running reserves.

 This amount of RES also impacts on other ancillary services:

• Voltage control with set-points issued by the CECRE and dynamic voltage support.

• Balance feasibility in off-peak hours is an issue now.
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Thanks for your attention!
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 Tertiary energy scheduled is only slightly affected by wind generation
ramps when these ramps are opposite to system demand.

Tertiary energy scheduled
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Congestion management

 According to RD 661/2007 and Operational Procedure PO 3.2, in

case several plants that have a minimum of sensibility to a

congestion need to be redispatched to solve the congestion the

following order must be applied:

 Ordinary regime. In decreasing sensibility order.

 Non-renewable manageable special regime

 Renewable manageable special regime

 Non-renewable non-manageable special regime

 Renewable non-manageable special regime


