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BACKGROUND: 21CPP OBJECTIVES:
POWER SYSTEM TRANSFORMATION
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21CPP WORK STREAMS

• Annual Program of Work Includes:
• “Thought-Leadership” studies that focus on generic 

power system transformation topics across the world

• In-country technical assistance, often as part of a larger 
development assistance effort, focused on policy, 
regulatory, and technological progress; grid integration 
studies often highlight this work.

• Information exchange, capacity building, fellowship 
programs, and other exercises to share lessons-learned 
and knowledge transfer.
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WHY IS GRID INTEGRATION IMPORTANT?

• Wind and solar are variable – the 
wind and sunlight change.

• Wind and solar energy are uncertain
– we can forecast them reasonably 
well for time periods ranging from 
minutes, hours, a few days.

• Grid integration is the practice of 
developing efficient ways to deliver 
high penetration levels of variable RE 
to the grid.

• The variable and uncertain nature of 
wind/solar require additional power 
system flexibility…
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ADVANCING GRID INTEGRATION

Goal: help guide states, regions, and countries address 
typical questions: 

• What is the optimal mix of generation resources under various 
scenarios of policy, technology pathways, fuel prices, etc.?

• How can we add wind and solar in a cost-effective manner?
• What is the capacity value of RE? How can we still have a reliable 

grid?
• Where should we locate generation and transmission?
• What operational and technology changes are needed to ensure an 

economic and reliable grid? 
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SOLUTIONS TO GRID INTEGRATION
CHALLENGES

• Utilize geographic diversity.
• Utilize flexible conventional 

generation.
• Increase sharing among 

balancing authority areas.
• Expand the transmission 

system.
• Curtail excess VRE production.
• Coordinate flexible loads (active 

demand response).
• Enhance VRE and load 

forecasting.
• Add electrical storage.
• Interact with other energy 

carriers.
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TOOLKIT TO ENABLE VRE GRID INTEGRATION
AND RELATIVE COSTS
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KEY BUILDING BLOCKS FOR GRID
INTEGRATION
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GOOD PRACTICES FOR VRE GRID
INTEGRATION
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