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Agenda and Learning Objectives 

Å Part 1: Key Issues 

ïUnderstand the primary challenges to integrating variable renewable 

energy (RE) to the grid 

Å Part 2: Flexible Power Systems 

ï Identify sources of power system flexibility 

Å Part 3: Myths and Frequently Asked Questions 

ïUnderstand system impacts of high RE on reliability, need for storage, 

and cost 

Å Part 4: Greening the Grid Toolkit  

ï Identify resources and technical assistance available through the 

Greening the Grid initiative 

Å Part 5: Questions and Panel Discussion 



KEY GRID INTEGRATION 

ISSUES 

Part 1 



Introduction 

Why is grid integration an important topic? 

Trends: 

Increasing energy demand  

Urbanization 

Climate change mitigation targets 

Need for grid modernization 

 

Every power system has 

characteristics that promote and 

inhibit integration of variable RE  

 

Grid integration is the practice of 

developing efficient ways to 

deliver high penetration levels of 

variable RE to the grid 

 

 

Source: 
άwŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ 
CǳǘǳǊŜǎέ нлмн 



Integrating wind and solar energy resources requires an 

evolution in power system planning 

RE is variable, uncertain, and geographically dispersed 

ΧǊŀƛǎƛƴƎ ƴŜǿ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ŦƻǊ ƎǊƛŘ 
planning and operations 

1. Balancing requires more 
flexibility 

2. Existing thermal assets 
used less frequently, 
affecting cost recovery 

3. More reserves 
4. More transmission, better 

planning needed 
5. Voltage control, inertia 

response come at added 
cost 



FLEXIBLE POWER SYSTEMS 

Part 2 



Flexibility: The ability of a power system to respond to change in demand and supply 

Å Increases in variable generation on a system increase the variability of the ónet loadô 

ï óNet loadô is the demand that must be supplied by conventional generation unless RE is deployed to 

provide flexibility 

Å High flexibility implies the system can respond quickly to changes in net load. 

ñFlexibilityò can help address the grid integration challenges 



Frequently used options to increase flexibility 

 

Low capital cost options, 

but may require 

significant changes to the 

institutional context 



Frequently used options to increase flexibility 

 

Low capital cost options, 

but may require 

significant changes to the 

institutional context Å Numerous options for increasing 

flexibility are available in any power 

system. 

 

Å Flexibility reflects not just physical 

systems, but also institutional 

frameworks. 

 

Å The cost of flexibility options varies, 

but institutional changes may be 

among the least expensive.    



Hourly dispatch and interchanges 

Source: NREL 

Sub-hourly dispatch 

System 
Operations Faster dispatch to reduce expensive reserves 

Dispatch decisions closer to real-time (e.g., intraday scheduling 
adjustments; short gate closure) reduce uncertainty.  



Broader balancing areas and geographic diversity can 
reduce variability and need for reserves. 

Source: NREL/FS-6A20-63037 

System 
Operations Expand balancing footprint 

System 
Operations 



 Increase balancing area coordination 
System 

Operations 



0% wind 
and solar 

33% annual 
wind and 
solar energy 
penetration 

Generation dispatch for 
challenging spring week in the 
U.S. portion of WECC 
 

Source: WWSIS Phase 2 
(2013) 

Increase thermal plant cycling 
Flexible 

Generation 


