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I. California’s history of design challenges
II.   Today’s challenges

1. Pursuing regional integration & environmental goals
2. Long-run procurement
3. Harmonizing markets for                                            

bulk & distributed resources
III.  Conclusion:                                            

Continue to Kludge?
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 1996: AB 1890 passed unanimously
◦ Vertical unbundling
◦ Day-ahead: PX traded power

 Three zones
 No forward contracting allowed

◦ Balancing: Then CAISO inc’ed & dec’ed to attain feasibility

 The 2000-2001 crisis
◦ Blackouts
◦ Bulk power costs  $20B
◦ Why?

 7 plagues of Egypt
 No forward contracting
 “Dec game”
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 Features of Redesign:
◦ Day-ahead and real-time markets with locational 

marginal prices
◦ Co-optimized energy & ancillary services
◦ Forward contracting requirements
◦ Financial transmission rights

 Prices now competitive
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 First Rotating blackouts 
(“Stage 3”) since 2001

 “Musical chairs” in the 
west…which CAISO lost 
due to transmission 
derates & mishandling 
of CAISO exports

 “Resource adequacy” 
markets:
◦ Overestimated portfolio 

reliability
◦ Overcredited certain 

resources
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CAISO, Preliminary Root Cause Analysis, Mid-August 
2020 Heat Storm, Oct. 6, 2020, 
www.caiso.com/Documents/Preliminary-Root-Cause-
Analysis-Rotating-Outages-August-2020.pdf



◦ Challenge: Extend to operating reserves, 
day-ahead, and capacity markets

◦ Challenge:
 Achieve real environmental improvements 

 in spite of carbon leakage
 Do so cost-effectively

 but now restrict renewable import credits, 
 tilt towards costly behind-the-meter

 California Environmental Goals:
◦ AB32 CO2 Cap&Trade: Reduce to 1990 

levels
◦ SB100 renewable portfolio standard:                               

60% by 2030, 100% carbon free by 2045

 Regional Integration: 
◦ Real-time Energy Imbalance Market with 21 

other utilities

7www.westerneim.com



 Integrating Distributed Resources
◦ Huge wave of behind-the-meter PV

◦ Challenge: Tallying reliability
 Old fashioned: “add up derated capacity and compare to reserve margin” 

 Works well when many thermal units with independent and small outage rates, 
that are independent of load

 Need: portfolio assessment that recognizes statistical dependence, 
diminishing returns, location dependence 

 Resource investment
◦ Planning: largely policy driven

◦ Challenge: Violations of “Law of One Price”
 Inflexible & high retail rates favor behind-the-meter renewables
 Hundreds of $M in smart meters, but little real-time pricing 

Crabbed demand response
 “Transmission Access Charge”

 Avoided by behind-the-meter distributed & grid-scale renewables
 Paid by front-of-meter distributed resources
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1. Expand market, & preserve “environmental integrity”?
◦ Account for out-of-state CO2 emissions
◦ Facilitate development of least-cost renewable resources

2. Reward contributions to system reliability (capacity 
credits) and support efficient long-run procurement?

3. Incent the right mix of distributed & centralized 
resources?
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 AB32 covers California emissions
◦ Can’t regulate how other states meet 

their demand
◦ Can attribute emissions to imports. 

How? (Liu, Chen, Hobbs, OR, 2011) 
1. Identify which particular facilities

produce the imports?                                 
 “Contract shuffling”

2. Average emission rates? 
3. Marginal rates for entire western US?
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http://fishwrecked.com/files/boat%20ramp.bmp

http://uberhumor.com/youre-not-a-greenhouse-gas-youre-a-cat

Q. Xu, B. Hobbs, Economic Efficiency of Alternative Border Carbon 
Adjustment Schemes: A Case Study of California Carbon Pricing and the 
Western North American Power Market, EPRG WP, Dec. 2020, 
www.eprg.group.cam.ac.uk/eprg-working-paper-2032 
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Thanks to Erik Ela, EPRI

Variable 
Renewable 
instantaneous 
penetration 
records

May 2019: 69.9%

May 2020: 59.3%

April 2020: 73.2%

Dec. 2018: 25%

Feb. 2019: 14.7%

May 2020: 16.4%
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 Why risk of underinvestment in supply?
◦ Market power
◦ Caps on energy P’s (missing money)  resources don’t 

earn full value of their production during times of scarcity 
◦ Absence of markets for long-term contracts  generators 

can’t hedge long-term risks
◦ Policy uncertainty

 Policy response: Capacity markets in some ISOs
◦ CAISO: requires 1 yr ahead “capacity showing” by load-

serving entities, met through bilateral contracts. 
 State tightly oversees investment; competitive procurement 

(“hybrid system”)

 EIM  west-wide day-ahead & capacity market?
◦ Propose: Acquire capacity that meets reliability & clean 

energy constraints (see, e.g., K. Spees et al., Brattle)
 two prices in each zone
 more flexibility & competition
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 If a perfectly reliable, flexible resource gets $X/MW/yr, 
how much should other resources get paid?
◦ Proposal: Marginal “Effective Load Carrying Capability”

 Difficult devilish details:  
◦ Locationally differentiate?
◦ Account for operating constraints (flexibility)?
◦ How can we predict future values?
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 So what are cost effects of giving the wrong credit?  (In Texas)

CT CC Coal Wind Solar

Optimal
Capacity Mix

Capacity Mix
With Distortion

Energy P Cap $1,000/MWh; 
CCWind = 40%, CCSolar = 75% 

OPTIMAL: 
CCWind = 10%, CCSolar = 54.5% 

Energy P Cap;
No capacity credit

101.5%

101%

100.5%

100%
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C.. Bothwell & B. Hobbs, Crediting wind and solar renewables in 
electricity capacity markets: the effects of alternative definitions upon 
market efficiency., 38, KAPSARC Issue,The Energy Journal, 2017



 Two issues: 
◦ Aggregate cost?: rooftop PV is 2-3x 

as expensive (2019 $/MW)

www.lazard.com

 Solar Capacity in California
◦ Grid Scale: 14,641 MW
◦ Distributed PV: 15,579 MW

◦ Who pays?: rigid retail 
rates + netting + 
subsidies
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https://en.wikipedia.org/
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