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Coping with limits for very high penetrations of renewable energy

	Background :  

Not least due to increasing worldwide consensus on the need to combat and control climate change, installed capacity in renewable energy is growing rapidly in many countries. For system integration, fluctuating renewable energy such as wind and solar energy are particularly sensitive. Several countries, such as Denmark, Germany and Spain, already have 20% or more of peak load installed in renewable energy. Several islands worldwide feature especially favorable wind conditions and even higher penetrations of wind energy. As solar thermal technology reaches improving economies of scale, offshore wind parks prove themselves in ever deeper water and ocean energy may become viable, the renewable energy cost disadvantage may decrease over time, and ever increasing renewable energy capacities seem likely.

As penetrations approach 50% of peak load and 30 or more % of electric energy demand, system integration becomes a growing challenge. Energy and balance management, frequency control, system inertia, power quality, network extension and redesign, and economic challenges are all affected. Although past investigations have partially addressed the technical challenges accompanying high penetrations, recent practical experience with high and growing penetrations adds valuable new perspectives. This Working Group will therefore assemble worldwide input on the technical problems with integrating ever growing renewable energy capacities, and on proven, planned and speculative solutions.

The final reports of IEA Wind Task 25 on “Design and Operation of Power Systems With Large Amounts of Wind Power” (VTT, 2007) and of CIGRE WG C6-08 will be among the most important prerequisites on which this WG will build recommendations for systems that go even beyond the penetrations envisaged in those reports.

The objective of the WG is to describe the limits to the penetration of renewable energy in electric power systems that are today considered in different island and continental power systems worldwide, and the technical problems causing such limits. The WG will also describe proven, planned and speculative solutions on how to cope with the limits, depending on different power system features, the various technical issues, and the types of renewable energy used.

Much good work examining the effects of renewable energy sources has already been completed within CIGRE but this is an area of continuing development with ever larger concentrations of this energy source being planned.      It is important to keep pace with these developments but also to build on previous work so that new WG’s further extend our knowledge and CIGRE to add value.     This new WG will reference:

a) WG C6-08 Integration of large share of fluctuating generation

b) WG B4-39 Integration of large scale wind generation using HVDC and power electronics

c) System incidents involving renewable energy technology, for example the European event on 6th November 2006 

Deliverables
The Working Group will:

1. Conduct a survey based on a questionnaire on the expected penetrations of the different kinds of renewable energy (wind, solar PV, solar  thermal, biomass, geothermal) as a function of time in future decades in different regions. Existing US, EU, IEA, ETSO, UCTE and many national studies will provide valuable input to this step.

2. Based on the main technical issues with high penetration levels, especially of fluc​tuating wind and solar energy as identified and addressed in the final report of CIGRE WG C6-08, use the same questionnaire as in task 1 to survey the solutions already employed and foreseen for the future in different regions. This part of the questionnaire will focus on information and data on real practice and experience, building on the work already done in C6-08 which covered the following issues:
- dispatching issues, energy and balance management, load following,
- frequency control (primary, secondary, tertiary), 
- voltage stability, 
- transient stability, 
- reactive power/voltage control.

3. Use the same survey/questionnaire as in tasks 1 and 2 to also seek information and data on practice, experience and solutions already employed and foreseen for the future in different regions for additional issues such as: 
- harmonics and system inertia,
- network extension and redesign (need for new lines, frequent need for voltage 
  adjustments/tap changes, protection system adjustments),
- interaction of transmission and distribution controls (network data and control signals are 
  partly based on en entire synchronous area, partly on a single control area, and partly based 
  on a local distribution network; as smart grids/DSM including time-deferred loads and later 
  electric car batteries are increasingly used for balancing wind energy, new approaches may 
  need to be found for the network management interactions between the synchronous area, 
  the control area and the distribution network; this may include governors on small 
  generation units),
- economic challenges (extra costs to keep the networks operable with high penetrations of
  renewable energy sources, in addition to any higher generation costs themselves),
- data exchange requirements (between TSOs, DSOs, renewable resource operators, 
  electricity trading and supply companies).

4. There will be two Task Forces, one on island systems and another on continental systems, both will analyze and summarize the worldwide lessons learned for coping with high renewable energy penetration and its possible limits, based on the surveyed experiences and prior studies.
5. Define and guide simulation studies that may be needed to better understand any limits on renewable energy penetrations that may exist in island or continental systems.
6. Produce a final report with guidelines on how to cope with the different penetration limits identified, for different system characteristics, and for each of the technical issues and renewable energy types.
Time Schedule : Final Report : 

1. Establish WG membership and inform all members of the membership contact details and the proposed schedule: June/July 2008
2. Hold a first WG meeting in Paris in August 2008, with the following items on the agenda:
Make a first draft of the survey mentioned in tasks 1-3, based partly on knowledge of prior studies such as CIGRE C6-08, IEA Wind Task 25 and others;
List survey addressees;
Distribute work assembling and summarizing the identified relevant prior studies;
Distribute other work items among the WG members.
3. Assemble results of prior studies, make a second draft of the survey, finalise the survey in a WG telephone conference, and send out the survey: October/November 2008
4. Assemble survey results: January 2009
5. Conduct a half-day WG telephone or preferably video conference to review these results and appropriate next steps: February 2009
6. Telephone/video conferences or preferably meetings of the 2 Task Forces: March – May 2009
7. WG meeting to discuss and analyze all results obtained so far, and to define simulation studies that may be needed to better understand any limits on renewable energy penetrations that may exist in island or continental systems: June 2009
8. WG meeting to discuss and analyze any first simulation results and distribute the writing of final report chapters to the WG members: October 2009
9. WG telephone conferences to discuss progress of the simulation studies and to edit the final report: January 2010
May 2010
10. Final report finished: July 2010
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