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This roadmap is a product of collaboration among three organizations – the California 
Independent System Operator (ISO), the California Public Utilities Commission (CPUC), and the 
California Energy Commission. It culminates years of work and input from more than 400 
interested parties, including utilities, energy storage developers, generators, environmental 
groups and other industry stakeholders. DNV GL and Olivine, Inc. provided facilitation and 
consulting to support the development of the roadmap. While identified actions, venues and 
priorities will be used by each organization to inform future regulatory proceedings, initiatives 
and policies, it is not a commitment by any of the organizations to perform the actions. The team 
is deeply grateful for the time, effort and insight provided by stakeholders to shape the roadmap 
and looks forward to continuing this interaction as each organization embarks on the actions 
identified in this roadmap. 
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CHAPTER 1: 
Why Micro grids Are Important to California 

California has some of the most aggressive clean energy policies in the nation. From transition 
of large primarily natural gas fired central power plants to a future grid that will obtain more 
than 50 percent of its electricity from renewable resources, the electric grid is under a 
significant shift from the classic configuration of a high concentration of larger central power 
plants. This new mixture of renewable energy generation resources includes a high amount of 
Distributed Energy Resources (DER). 

California Legislature, Senate Bill 350, commits California to reduce 2030 greenhouse gases by 
40% below 1990 levels; increases renewables to 50% of the share of energy production; doubles 
efficiency targets; and encourages widespread transportation electrification. Assembly Bill 327 
requires reform of utility distribution planning, investment, and operations to "minimize 
overall system cost and maximize ratepayer benefits from investments in preferred resources." 
In 2016, the California Public Utilities Commission (CPUC) initiated the California's Distributed 
Energy Resources Action Plan and developed working groups to help implement the transition 
to this new grid system. The Energy Commission is assisting the CPUC in their working group 
activities through research efforts under the Electric Program Investment Charge (EPIC) 
Research and Development Program and by leading a three agency working group (Energy 
Commission, CPUC, and the California Independent System Operator (California ISO)) to 
develop a Roadmap to Commercialize Microgrids in California. Microgrids are considered one 
of the most effective methods to help integrate DERs on the grid and at the same time provide 
grid operators more control of DER resources. 

The CPUC has also initiated public rulemaking processes for energy storage, demand response, 
smart inverters, electric vehicle integration, and time-of-use rate development. Interagency 
roadmaps have also been developed for demand response, energy storage and vehicle-grid 
integration. This microgrid roadmap will provide information to illustrate how microgrids can 
play a key role in helping California meet the aggressive policy goals. 

What Is A Microgrid? 
Microgrids have been operating in California for several decades in one form or another, and 
have the potential to be an excellent tool to assist the utilities in California and the California 
ISO to address some of the grid management challenges of the future. Microgrids can control 
their internal load and generation sources and respond to the grid as a single point of 
interconnection. This is helpful when the grid is experiencing challenges from variable 
generation such as wind or solar or weather conditions which create rapid changes in the load 
as distribution level generation, primarily solar rooftop PV, fluctuates in the energy being 
provided to the grid. 

For this roadmap, a microgrid is defined as: 
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technologies to both ensure their own level of reliability, but also to better manage their own 
usage. The interaction between the customer side efforts and the electric grid is still in its 
infancy, but managing the grid remains the responsibility of the utility. 
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Figure 1: Borrego Springs Microgrid 

Source: SDG&E 
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of zero emission vehicles and maintain a grid that supports all the customers in California with 
high reliability and resiliency. Currently, the most dynamic element of these changes is the 
transition to high concentrations of renewable energy. Where there are aggressive goals, the 
progress the California utilities have made over the last decade has been impressive. 

"In California, it's already a reality," said Steve Berberich, president and CEO of 
California Independent System Operator Corporation. On a typical day, CAISO will pull 
about 30,000 megawatts of energy production, with around 6,500 megawatts from solar, 
5,000 megawatts from wind and another 5,000 from geothermal and other services on 
the system. In addition, California's grid system has roughly 4,000 megawatts of behind
the-meter solar, which is growing at a rate of about 70 megawatts per month. 

"On any given day, California gets more than 30 percent of its electricity from renewable 
energy. On many days that amount climbs to 40 percent, and on some days renewables 
reach 50 percent," said Berberich. 

"Now we have to think about the system as a renewable-energy-based system 
complemented by other things," he said, speaking at the Edison Electric Institute's annual 
convention this week in Chicago. (GTM Article June 16, 2016) 

As California continues to transition to a renewable energy future, there are substantial 
challenges in managing the electric grid to support this high concentration of renewable 
generation. For years, the California ISO has expressed the challenge facing California by the 
use of the "Duck Chart". The energy net load chart shows clearly how the future grid v.ill have 
energy ramping down challenges in the morning hours as solar generation materializes, over 
supply generation conditions during the midday, and ramping up challenges in the evening as 
the sun sets and consumers go home and increase their electrical load and set the day's peak 
demand. vVhile this graphic was created to show potential future operational challenges 
brought on by integrating high percentages of renewable generation into the grid, it can be 
noted that during certain times of the year, the ISO has begun to experience conditions ahead 
of this forecast. For example, on May 15, 2016, the ISO experienced a net load of 11,663 MW 
and on December 18, 2016, the ISO experienced an afternoon 3 hour ramp of 12,960 MW. While 
these conditions are not consistent throughout the year, it is clear that these conditions are 
beginning to materialize faster than anticipated, particularly in the spring months when 
consumer loads are lower and renewable generation output is high. 
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Figure 2: The Duck Curve 

The duck curve shows steep ramping needs and overgeneration risk.  

Source: California Independent System Operator 
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In most of the United States, the existing distribution system is owned and operated by a 
monopoly DSO, usually under a local franchise agreement. This was considered to be essential 
in the early days of electrification because communities wanted to reduce the amount of 
redundant infrastructure. The monopoly ownership and control of the existing distribution 
infrastructure creates a problem for independent microgrid development because the DSO is 
the gatekeeper for modifications to that infrastructure. This is the case both practically and in 
regulation. The DSO is responsible for safety, cost and operational stability. 

However, utility control of the distribution system can be addressed by regulators in a variety 
of ways. If a comprehensive site survey is done to determine optimal sites for microgrids, the 
distribution grid characteristics in the optimal sites can be modeled using automated grid 
simulation and power flow modeling tools. This approach streamlines the engineering effort 
required to address the impact of modifications that may be required for microgrid 
development. A comprehensive model of the distribution grid that enables simulation and 
modeling will be required in any case to streamline any distributed generation implementation. 
Expanding the simulation capability to include microgrid modeling would give greater flexibility 
from a policy standpoint. 

A second option for regulators would transform the role of the utility into a DSO responsible 
for ensuring the available capacity for distribution of electricity generated either behind the 
meter, connected on the utility side, or flowing from the transmission grid. The DSO would be 
able to determine appropriate costs for both interconnection and delivery of electricity 
traveling over the distribution grid. This approach would allow the customer and other service 
providers to offer additional products and services in support of a microgrid. It would also 
ensure that the utility, as DSO, is able to schedule and dispatch the two way flow of electricity, 
as well as manage the stability of the distribution system. The DSO approach also addresses the 
potential loss of revenue as the utility would now be responsible for the maintenance and 
operation of the infrastructure and be allowed to earn a rate of return on those assets. This 
might ultimately lead to a fixed price calculation for access and use of the distribution grid. In 
this case, the cost to the microgrid operator for using the distribution grid infrastructure is 
based on the actual operation and maintenance costs, plus a rate of return for the distribution 
system operator. A fixed cost structure, or "rent," to use the distribution infrastructure would 
simplify the project planning process for developers and potentially lower costs for customers. 

Reducing cost and complexity of integration of distributed resources into the distribution 
system is a primary policy goal. Reducing barriers to owning and operating coordinated sets of 
resources that make up a microgrid should also be included as a policy goal, since microgrids 
may provide the benefits of greater reliability and resilience, as well as lowered cost of 
integration for intermittent, distributed renewable generation and storage. Regulators can work 
with utilities to make identified areas of the distribution grid available for development and fix 
the costs of development (interconnection and safety upgrades), based on the characteristics of 
those areas. Further, regulators can work with utilities to fix the costs of operation and 
maintenance of the identified areas, so that those costs can be built into the rates offered to 
customers in those areas. Ensuring that the utility costs are recovered and are not stranding 
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Chapter 3: 
Roadmap Actions 

For this roadmap to be a successful in helping commercialize microgrids, it is important that 

clear actions be identified and plans defined on how to address these action items. This 
chapter identifies the specific action items that were identified during a series of five 

workshops and many follow-on planning meetings that occurred between these workshops. 

These action items were developed in public workshops and a priority was assigned to them 
based on their importance, the timeframe they needed to be worked, and ultimately their 

criticality in helping to move microgrids closer to a commercial presence in California. When 
defining priorities, the three agency staff members working on the roadmap reviewed the 

results from a survey that was completed by a government consultant where respondents were 
ask to rank each action item based its importance and criticality in moving microgrids closer to 

a clearly defined commercial product. As with the other three active state level roadmaps 
identifed in Attachment 1, it is anticipated that the three government agencies will hold routine 

review of the action items in this plan in a public forum on a routine basis. 

Microgrid Operation and Value 

The action items in this section address the need to develop information for the marketplace 
that defines what a microgrid is and how it operates. Furthermore, it is important to explain 

the overall value of a microgrid to the end user and the grid operator when compared to 

alternative choices. 

Planning Action Items 
1. Develop non-proprietary, publicly available educational and guidance materials for 

micro grids. 

2. Develop, evaluate, and publish improved metrics to assess microgrid system 

performance. 

3. Complete research that defines the building blocks necessary to implement microgrids 

from start to finish. 

Improving the Electric Grid with Microgrids 

Microgrids have the potential to provide unique services to the grid operator and the end user 
or customer who owns or operates a microgrid. It is important that these services be well 

defined and assessed for their value compared to alternative grid services that exist and 
operate today. Whether the microgrid is providing lower cost energy services to the owner or 

grid operator, it is important to understand how these services will be provided and how their 
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GLOSSARY 

Term Definition 

EPIC Electric Program Investment Charge 

Smart Grid is the thoughtful integration of intelligent technologies and 
Smart Grid innovative services that produce a more efficient, sustainable, economic, 

and secure electrical supply for California communities. 
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Below are the web links to the three existing Distributed Energy Resource 

Roadmaps that were developed by the California ISO, the CPUC and the California 

Energy Commission.  The roadmap for the Commercialization of Microgrids in 

California was a follow-on effort to these three documents. 

 

Advancing and Maximizing the Value of Energy Storage Technology--A California 

Roadmap (December 2014): 

https://www.caiso.com/Documents/Advancing-

MaximizingValueofEnergyStorageTechnology_CaliforniaRoadmap.pdf  

 

California ISO Demand Response and Energy Efficiency Roadmap: Maximizing 

Preferred Resources (December 2013) 

https://www.caiso.com/Documents/DR-EERoadmap.pdf  

 

California Vehicle-Grid Integration (VGI) Roadmap:  Enabling vehicle-based grid 

services (February 2014): 

 

http://www.caiso.com/informed/Pages/CleanGrid/Vehicle-

GridIntegrationRoadmap.aspx  

https://www.caiso.com/Documents/Advancing-MaximizingValueofEnergyStorageTechnology_CaliforniaRoadmap.pdf
https://www.caiso.com/Documents/Advancing-MaximizingValueofEnergyStorageTechnology_CaliforniaRoadmap.pdf
https://www.caiso.com/Documents/DR-EERoadmap.pdf
http://www.caiso.com/informed/Pages/CleanGrid/Vehicle-GridIntegrationRoadmap.aspx
http://www.caiso.com/informed/Pages/CleanGrid/Vehicle-GridIntegrationRoadmap.aspx
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