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The punch line: Electric industry transformation 
offers a vital formative role for local governments 

–  The electric industry – at state, national and global levels – is 
undergoing comprehensive transformation characterized by 

•  Shift to renewable energy resources and away from conventional 
fossil-fuel generation at all scales 

•  “Grid edge” adoption of diverse distributed energy resources (DER) 
and a trend toward decentralized power systems 

–  Local governments can play a formative role, and help accelerate 
progress towards California’s climate & energy goals 

•  Local climate action plans, energy and economic programs tailored 
to local conditions, needs, demographics and goals 

•  “Local resilience” an organizing principle for strengthening capacity 
to sustain quality of life in more volatile future 

•  Potential “smart city” synergies between electric service and other 
critical municipal services 
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California ISO by the numbers 
§ 71,800 MW of power plant 

capacity (installed capacity) 

§ 50,270 MW record peak demand 
(July 24, 2006) 

§ 27,488 market transactions  
per day (2015) 

§ 25,685 circuit-miles of 
transmission lines  

§ 30 million people served 
§ 240 million megawatt-hours of 

electricity delivered in 2015 

§ > 8,000 MW peak solar 
production on July 12, 2016 

As of June 2016 



The ISO western Energy  
Imbalance Market (EIM) 
continues to expand 
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The only real-time energy market in the 
western U.S. 

Advanced ISO market systems 
automatically balance electricity every five 
minutes 

The market systems choose the least 
cost resources to reliably meet demand 

Supports renewables integration through 

ü  geographic resource diversity  

ü  sharing flexible capacity 

ü  reducing must carry reserves 

ü  avoiding curtailments  

ü  reducing carbon emissions 



Renewable solar & wind generation are changing 
transmission system conditions & operating needs 

–  High solar production creates net load “duck curve” => low net 
output mid-day & steep ramp up to early evening peak 

–  Excess supply when output of renewables + base load exceeds 
demand, leading to negative spot prices 

–  Operational needs now emphasize “flexible” capacity, focused on 
speed & duration of ramping capability  

•  Flexible capacity requirement adopted by CPUC in RA program 

•  ISO developing flexible ramping service for day-ahead & real-time 
procurement => Fall 2016 implementation 

–  2015 preliminary CEC long-term forecast indicates rate of solar 
self-generation may be 3 times what was forecast in 2013 
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A recent event surpasses original estimate of net-
load with higher solar generation.   

Typical Spring Day 

Net Load 14,160 
MW on April 5, 2015 

at 15:46 
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Forecasts of statewide PV self-generation peak 
impacts are continually revised upward. 
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All 2015 scenarios are 
above 2013 Mid Case. 
Impacts range from 
4,500 MW to 5,400 
MW and correspond to 
installed capacity of 
12,000 MW to 14,000 
MW 



Renewable energy and distributed energy resources 
are changing every aspect of the electric system.  

•  Growth of distributed energy resources (DER) affects power 
system operation, planning, business models, interconnection 
rules, regulatory framework, ratemaking, …  

–  “DER” = all energy resources connected at distribution level, on 
customer side or utility side of the customer meter  

•  Rooftop and community solar, EV and charging stations, battery 
storage of various types and sizes, thermal storage, dynamic load 
management, controllable end-use devices (“Internet of Things”) 

–  Plus communications & control systems to combine or aggregate 
DER and optimize their use  

=> Traditional paradigm – “one-way” service to deliver the kWh 
commodity from large central station generators to customers 
out on the distribution lines – is being overturned 
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DER growth is driving an industry paradigm shift.  
•  DER growth is driven by bottom-up demand & adoption 

–  Customers want flexibility, control, energy services customized to their 
needs, resilience to disturbances, cost effectiveness 

–  Local jurisdictions adopt climate action plans, pursue synergies among 
municipal services, seek to boost local economy, extend renewable 
energy and EV to less affluent communities 

–  Powerful new technologies make it all feasible & economic 

•  The new paradigm features  
–  Substantial local supply to meet local demand 
–  Multi-directional, reversible flows on distribution system 
–  New challenges for distribution operations, planning & interconnection 
–  Multi-use DER provide services to customers, D and T systems 
–  Potential for low-cost, resilient islanding & “grid defection” 
–  Potential for transactive peer-to-peer markets at the grid edge 
–  Bottom-up autonomous adoption => less top-down policy control 
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Major elements of California’s approach to address 
the high-DER future grid as a whole system.  

•  CPUC Distribution Resource Plans (DRP) & Integration of DER 
(IDER) proceedings 
–  Optimal locations for DER (integration capacity, locational benefits, 

infrastructure deferment); efficient distribution grid modernization  

•  CEC EPIC programs to facilitate micro-grids, storage applications, 
energy efficient communities, … 

•  CAISO initiatives to facilitate DER wholesale market participation 
(DERP, ESDER 2) 

•  Real-time operation & T-D interface coordination between CAISO 
& distribution utilities to manage DER behavior & impacts 

•  Long-term forecasting of DER growth to inform planning & 
investment – greater locational, temporal, load-shape granularity 

•  Align state forecasting, planning & procurement processes 
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Community Choice in both New York and California can 
accelerate decentralized system evolution. 
•  Community Choice Aggregation (CCA) authorizes a local 

jurisdiction to become the retail load-serving entity for its area 
–  The existing utility continues to provide distribution service 
–  Customers may opt-out and retain utility retail service 

•  Cities & counties are increasingly motivated by local flexibility, 
environmental & resilience objectives, not just cheaper energy  
–  Provide greater customer choice; offer customized rate incentives; 

implement EE programs that align with local needs and goals 
–  Develop community renewable resources to serve renters and 

underserved residents 
–  Increase community engagement in climate action plans 
–  Foster local economic & environmental resilience  
–  Achieve synergies with other services (water, wastewater treatment) 

•  Partnerships between distribution utility & city/county can be 
effective vehicle to develop resilient “community microgrids” 
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D = Local Distribution Area or 
Community Microgrid 

Regional Interconnection 

The future grid may be a layered hierarchy of optimizing 
sub-systems.  
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•  Each tier only needs to see 
interchange with next tier 
above & below, not the 
details inside other tiers 

•  ISO focuses on regional 
bulk system integration 
while distribution utility 
coordinates DERs 

•  Layered control structure 
reduces complexity, allows 
scalability, and increases 
resilience & security  

•  Fractal structure mimics 
nature’s design of complex 
organisms & ecosystems. 



A new regulatory framework – can states regulate 
local grid edge DSO-run transactive markets? 

•  Open-access structure for distribution system operators (DSOs) 
–  Non-discrimination in distribution services, resource interconnection, 

infrastructure investment, real-time re-dispatch as needed 
–  Is an independent DSO needed? Or can today’s utility DO be effectively 

firewalled into a regulated “wires & markets” operator and competitive 
affiliate offering retail services? 

•  Some boundary tweaking of traditional federal-state jurisdiction may 
be desirable 
–  Could states regulate “sales for resale” that occur within a local 

transactive market without using transmission? 

•  Could reliability responsibilities be layered? 
–  ISO responsible for system reliability only to the T-D interface 
–  DSO responsible from T-D interface to the customer meter 
–  A micro-grid takes responsibility for its own reliability, and will island if 

grid supply is limited or interrupted 
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Suggested principles for policy makers & regulators 

1.  Start with clear statements of state & local policy objectives 
2.  Begin the design process by addressing safe & reliable operation 
3.  Subsequent design decisions will depend on the current & desired 

future stage of evolution 
•  Link desired future stage or end state clearly to policy objectives 
•  Feasibility of desired end state depends on available resources, 

customer mix, regional & local needs, geography & climate … 

4.  Given the bottom-up change drivers, regulators have limited ability 
to control the evolutionary process => be adaptable 

5.  Given the differing needs of local jurisdictions, system must show 
high-level whole-system integration while allowing for bottom-up 
diversity of implementation => architectural approach 

6.  Electric service should be viewed in context of its uses in society  
•  Convergences of electric service with transport, broadband, essential 

services and infrastructure to achieve whole-system synergies 
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Thank you. 
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