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Wholesale Power Pricing and the Composition and Operation of 

the Bulk Power System have Changed in Recent Years

Concerns raised that VRE is a 
primary cause of these 
trends, in part motivating 
wholesale market design 
changes and policy support 
for at-risk resources

Pertinent Baseline Questions
(1) To what degree has VRE 
contributed to these trends? 

(2) How might the impacts grow 
in the future?

(3) What effectsmight these 
changes have on market design, 
and various supply- & demand-
side assets, including VRE?
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Electric Capacity Additions 
and Retirements [GW] 

Summer Non-Coincident 
Peak Load [GW] 



Analysis Builds from Past Work, and May Inform Variety of 

Contemporary Discussions in the Electric Sector

PLANNING AND INVESTMENT 
DECISIONS

Trends in annual average wholesale prices impact inflexible 
baseload generation assets

Temporal variations in wholesale prices impact value of 
flexible supply, demand, and storage assets

Geographic variations help inform power plant planning and 
siting by signaling high- and low- value locations 

Geographic variations in prices help illustrate the value of 
transmission expansion in order to reduce congestion

POLICY AND MARKET DESIGN 
DECISIONS

To the degree wholesale price impacts are affected by 
policy, might inform policy reform and ISO market design

May inform policy and market discussions related to 
ΨǇǊŜƳŀǘǳǊŜΩ ǊŜǘƛǊŜƳŜƴǘ ƻŦ ǘƘŜǊƳŀƭ Ǉƭŀƴǘǎ 

May suggest changes to market design, especially if 
reflective of an inability to access extant flexibility

Altered pricing patterns impact market value of VRE, 
affecting competitiveness and informing VRE policy
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Average Market -Wide Price Impacts: 

Summary of Existing Literature
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Low marginal-cost 

generation (and 

negative bidding) 

push the supply 

curve out, reducing 

wholesale prices at 

least in the near 

term; a number of 

studies have used 

historical prices to 

estimate this VRE 

ñmerit orderò effect

See also: Makovichand Richards (2017), Hibbard, Tierney, and Franklin (2017), Hogan and Pope (2017)



Dramatic Drop in Annual Average Wholesale Prices Has 

Been Driven By Natural Gas Prices: ERCOT and CAISO

¦ǎŜŘ ǎƛƳǇƭŜ ŦǳƴŘŀƳŜƴǘŀƭ άǎǳǇǇƭȅ ŎǳǊǾŜέ ƳƻŘŜƭ ǘƻ ŜǎǘƛƳŀǘŜ ǿƘƻƭŜǎŀƭŜ ǇǊƛŎŜǎ ƛƴ нлмт ŀƴŘ нллу
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ERCOT CAISO

Analysis shows limited VRE impacts on average annual market-wide wholesale prices 
from 2008 to 2017, in part due to relatively flat supply curve



Based on Supply-Curve Model, Natural Gas Is Greatest Driver of 

Annual Average Wholesale Prices Across All Markets
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Higher Shares of Wind or Solar Lead to a Greater Impact on 

Average Wholesale Prices, Especially for Solar in California 
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Market -Wide Average Prices Tell Only Part of the Story: 

Thousands of Pricing Nodes, Each with Different Pricing Patterns 
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Average Real-time Energy Price at Each Node in 2017



Higher Frequency of Negative Prices in Constrained Areas, 

Seemingly Driven in Significant Measure by VRE Growth
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Maps show frequency of negative hourly prices in real-time market, demonstrating 

growing geographic extent and frequency of negative pricing

Negative prices, 2017Negative prices, 2015
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