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Executive Summary
It is time that California begins to plan and implement a serious transition from the
investor-owned utility (IOU) power grid of the early 20th century to resilient,
distributed energy, community-owned and controlled systems based on solar
photovoltaics and battery storage. In recent years, California’s IOUs—Pacific Gas &
Electric (PG&E), Southern California Edison (SCE), and San Diego Gas & Electric
(SDG&E)—have demonstrated repeatedly their inability to operate their grids in a safe
and effective manner, as wildfires have ravaged the state. Current efforts by the IOUs
and California Public Utilities Commission (CPUC) to patch holes in an aging grid are
little more than stopgaps to save obsolete and unstable monopolies. Decisions by the
CPUC regarding development of microgrids lean toward their control by the IOUs
rather than Community Choice Aggregators (CCA), municipal utilities or even private
entities. Supports of CCAs hoped that they would look favorably on local electricity
generation but, so far, California’s CCAs are mostly acting as intermediate
distributors of electricity from remotely-sited independent power producers who
move their product across the aging and unreliable state grid.
To be sure, there are a number of solar + storage microgrids operating or being built
in California, but these are all constrained by technical, regulatory and financial
restrictions imposed by the CPUC on generators in favor of the IOUs. In addition, the
state’s regulatory framework imposes severe and costly limits and requirements on
non-utility-operated generation, distribution and sale of electricity. These rules, and
the imposition of “transportation and access charges” (TAC) on any electricity that
touches the grid, increase the costs of community energy generation so much as to
render it financially impractical: a kilowatt-hour of solar photovoltaic electricity costs
about 8-10 cents to produce, but as soon as it hits the grid, TAC brings the retail cost
to the customer of power to that charged by those selfsame IOUs.
What is to be done? The Sustainable Systems Research Foundation (SSRF) and its
collaborators believe that, within five to ten years, many of these regulatory
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restrictions will be removed, allowing locally-owned and operated community energy
systems to flourish. We propose to be “shovel ready” when that future arrives and
are proposing a three-part 20-megawatt solar + storage community energy system,
located in a light industrial area on the west side of Santa Cruz, a proposed housing
development nearby and the Santa Cruz Beach Boardwalk and Beach Flats
neighborhood, linked by a conduit running along the right-of-way of the Santa Cruz
County Rail Trail (Figure 1). This project will be built in phases, starting a virtual
power plant comprising individual buildings and adjacent structures (2021-25),
subsequently operated as a single system (2026-28) and, finally, providing power to
both customers and the local CCA (2028-30).

Figure 1: Proposed Santa Cruz Community Energy System
This policy brief explores the potential for such microgrids to address the City’s power
vulnerabilities, reduce greenhouse gas emissions locally and contribute to the State’s
electrification plans. Our specific proposal, and the background to it, are also provided
here.
I. Introduction
Sixty-six million years ago, an eight-mile-wide asteroid slammed into the Gulf of
Mexico, near Chicxulub in the Yucatan. That impact abruptly ended the 180 million
year-long Age of Reptiles, forever eliminating large dinosaurs from the Earth (the
small ones evolved into birds). Today, private monopoly electrical utilities appear to
be dinosaurs, and an asteroid is on its way to wipe them out. By the middle of the 21st
century—or perhaps sooner—these utilities will disappear, replaced by much smaller,
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more resilient, flexible and reliable smart renewable energy microgrids and battery
storage, operated by public entities based in the communities that they serve. 1
Right now, the nation’s investor-owned utility power system is fragile and held
together mostly by regulatory duct tape. While the State of California and its IOUs are
making serious efforts to address the unreliability of the power grid servicing their
territories, these have not extended beyond provision of emergency, diesel-powered
generators for “resilience.” 2 Solar photovoltaic microgrids with battery storage, load
reduction and ancillary services offer a viable local and more near-term strategy for
addressing these and other problems posed by the existing power transmission and
distribution system.
Over the past decade, the cost of renewable electricity from wind and solar, with
battery storage has declined radically. With such systems, communities and
customers will no longer need to rely on large, far away, mostly carbon-powered
utilities and generating plants. In place of a monolithic, top-down utilities, renewable
microgrids offer a bottom-up solution that is far more stable, resilient, and
compatible with widespread development of renewable energy resources and the
necessary transition away from fossil fuels. The well-being of tens of millions of
people will no longer be in the hands of a distant, profit-oriented utility but, rather,
up to local owners, operators and decision-makers committed to their communities’
well-being. 3
In California, the IOUs are primarily transmission companies, operating and
maintaining the grid. But even duct tape wears out eventually. Rather than investing
billions of dollars per year to save a broken system subject to the unpredictable
vagaries of air, water, earth and fire, there is a strategy available that will cost less,
be more reliable and resilient, and reduce carbon emissions, all at the same time:
community- based, renewable energy microgrids, that can be configured in a number
of different ways that serve localities, are locally controlled and can, if necessary,
provide power regionally and farther afield. 4
The CPUC is considering a proposal to allow the IOUs to deploy ten renewable
microgrids in each of their territories over the next five years in order to gain
operating experience with them. At the end of that period, the CPUC will revisit the
question of how and where to allow construction of more microgrids. Meanwhile,
California is losing valuable time not only in terms of resilience and reliability but also
achieving the state’s climate and electrification goals.
The City of Santa Cruz offers an ideal site for a microgrid-based community energy
system (Figure 2). It is located at the end of PG&E’s high voltage transmission lines
and experiences more than its share of power fluctuations and outages. 5 The
wildfires and deliberate power blackouts of 2019 and 2020 and rolling outages during
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the 2020 August and September heat waves, made clear that much of Northern
California is at risk from such events. 6

Figure 2: High-voltage power lines feeding the Santa Cruz Area 7
As we shall discuss later in this brief, it is not possible to build such as system at the
present time; that will require changes in state regulations and utility attitudes. It will
require several years to bring SWIM into service and now is an opportune time to lay
the groundwork for a community energy future.
II. Why private monopoly utilities are on a path to extinction
The coming extinction of investor-owned utilities (IOUs) will likely be driven by least
three factors: climate change, technological obsolescence and financial exigencies.
First, as the cascading impacts of climate change grow, adverse weather events,
combined with decades of fire suppression policies and unreliable transmission
systems, will increase the frequency of deadly conflagrations—whether utility-caused
or not. Moreover, given the size and scale of many utilities’ service territory and the
complexity of their distribution network, even intentional outages to prevent fires
will not prevent failures in vulnerable parts of their systems. 8 These risks and the
liabilities they entail are leading institutional shareholders to pressure IOUs to
increase dividends and short-term returns, leaving the utilities short of capital to
repair and maintain their increasingly fragile distribution grids. 9
Second, a massive transition to renewable energy sources is already underway and
cannot be stopped. New energy sources take time to penetrate deeply into societies,
and natural gas will remain a mainstay of electricity generation for decades to
come. 10 But the costs of solar and wind power continue to decline and are, in many
instances today, cheaper than fossil fuels. Most U.S. states have developed
“renewable energy portfolios” that require growing fractions of energy use come from
solar, wind and water and, while most utilities are purchasing power from large-scale,
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centralized wind and solar farms, high grid distribution and maintenance costs, and
system vulnerability, could make such sources less economical over time, especially if
they are located far away from points of consumption. 11
Third, electrical utilities face the specter of rising costs and declining revenues—the
so-called utility death spiral—which can be remedied by higher retail electricity costs
only for so long—especially as the cost of local renewables undercut those. Rising
costs come from maintenance of extensive distribution grids—and liabilities from
network failures—and the labor required to keep those grids operating, among other
things. Declining revenues arise as more and more customers decide they can do
better by generating their own electricity and public utility commissions come under
political pressure to limit tariff increases, especially for those “left behind.” 12
Shareholders will pressure utilities to economize, thereby increasing hazards and
risks, or they will abandon them to seek higher returns elsewhere, depriving utilities
of critical capital. 13
The state’s three large IOUs—Pacific Gas & Electric, San Diego Gas & Electric and
Southern California Edison—are being dragged kicking and screaming into this future,
and are resisting it as much as possible, for obvious reasons. First, it is much easier
to conduct business-as-usual than to adapt to new conditions and circumstances.
Second, community-based energy systems in the form of locally owned and operated
microgrids threaten the business model of the IOUs as well as investor earnings.
Third, community-based generation transfers much of the oversight of power systems
from centralized managers and deciders to municipalities, local energy authorities
and even community investors and owners. It is too soon to tell whether extinction is
in the cards for the IOUs, but that eventuality cannot be ruled out.
II. So what, exactly, is a microgrid? 14
The Department of Energy’s “Microgrid Exchange Group” defines a microgrid as

A group of interconnected loads and distributed energy resources within clearly
defined electrical boundaries that acts as a single controllable entity with
respect to the grid. A microgrid can connect and disconnect from the grid to
enable it to operate in both grid-connected or island-mode. 15
This is a rather opaque definition; what does it mean?
First, a microgrid should be compared to a what is usually called the “electricity
grid,” which is either the sum total of an electric utility’s generation, transmission
and distribution system or the sum total of all such electricity generation,
transmission and distribution systems, with interconnections, within a state, the
territory of a regional electricity transmission organization or the country. By
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contrast, a microgrid is a relatively small electricity generation operation along with
the wires and controls that distribute power to its customers.
Second, the original energy source and generating technology of the microgrid is not
fixed; it could be fossil fuels, small dams, biomass, waste or renewables (even, in
theory, a small nuclear reactor). A microgrid can also include batteries to store
surplus electricity and make it available when the sun or wind are not available (e.g.,
at night).
Third, the “service area” of a microgrid is usually limited to one or several adjacent
consuming sites and its distribution system may be operated independently, or
“islanded,” from the larger grid, even as the latter may also providing power to those
same sites on separate circuits. 16 But—and this is a key point—a microgrid can also be
connected to the grid and send its power out into the larger world, if the rules permit
it. 17
Some microgrids are not designed or permitted to send electricity into the grid, or are
islanded because of regulatory restrictions and financial considerations. Those that
are connected to the grid incorporate complex arrangements for ensuring that
electricity is not sent into the grid during power outages. In some instances, utilities
control the interconnection hardware and software, and can limit how much
electricity is sent into the grid and how much is being paid for that power. A growing
number of microgrids are being put into operation for the purposes of “resilience,” to
operate when the larger grid has been shut down, especially at sites such as hospitals,
emergency responders and police stations that do not have backup generators and
must have power during blackouts and natural disasters. 18
Microgrids are attractive because they can generate electricity at a cost that is
usually below the retail price charged by a monopoly utility. This is a sore point for
utilities who must cover not only the wholesale price for the power they purchase
from independent generators 19 but also pay for the cost of maintaining and operating
the transmission and distribution network. As a result, customers of microgrids may
be required to pay additional charges to cover the cost of disconnection or limited
electricity import from the utility grid (called the “Power Charge Indifference
Adjustment,” or PCIA). Solar generators who rely on grid power in lieu of on-site
battery storage for backup power are also charged for “using” the transmission and
distribution networks (the Transmission Access Cost).
We will return to the financial aspects of microgrids later in this brief; suffice it here
to say that, at the present moment, it is not so easy to make a grid-connected
microgrid attractive to those looking for high returns on their investments. By the
same token, relying wholly on an islanded microgrid may reduce customers’ utility
bills, but those savings do not represent cash-in-hand for the owner (who are only
allowed to sell their electricity to immediately adjacent neighbors; see below).
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Notwithstanding these, and other obstacles (described below), there is a great deal of
excitement about the potential for solar microgrids becoming the default source of
power as the 21st -century proceeds. In particular, localized solar photovoltaic plus
storage load reduction and ancillary service microgrids appear especially attractive,
for several reasons.
First, they emit no greenhouse gases (although they are not wholly “carbon” and
“pollution-free,” because manufacture, transport and disposal require materials and
processes that are both carbon-intensive and toxic).
Second, solar panels are modular and solar generation is much less reliant on
economies of scale than are other power sources. 20 That is, while large fossil fueled
and nuclear generators and turbines produce electricity at a lower marginal cost than
smaller ones, while there is no cost differential between power from a single PV panel
and 100,000.
Third, community-based energy systems offer the potential to utilize roofs, parking
lots and undeveloped spaces controlled by local governments, authorities and
landowners rather than far-off IOUs. And ancillary services can increase their returns
to customers, communities and the grid (see below). 21
III. The regulatory environment as obstacle to microgrids22
But, if solar microgrids are so great, why are there still so few of them in California?
As of this writing, there are close to 10,000 megawatts of solar PV distributed energy
capacity across the state, with most of that being individual rooftop installations. 23
There are perhaps 1,000 megawatts (1 gigawatt) of solar microgrid capacity planned
and in operation. The potential is considerably larger, by some estimates, upward of
several dozen gigawatts or more (current total state generating capacity is slightly
less than 80 gigawatts while peak demand is around 50 gigawatts; solar + storage
equivalent would be greater). 24
Two major hurdles that stand in the way of growth in microgrids and compared to
these, technical issues are relatively simple and straightforward. The first of these is
the bane of all innovative, transformational and disruptive projects: business as usual
(BAU). Those who benefit from BAU have no incentive to change or disrupt things or,
at least, give up control of something (this is sometimes called “bureaucratic inertia”
or “regulatory capture” 25).
In the present case, the beneficiaries of BAU include the IOUs, their regulatory
overseers and stock and futures markets. On the supply side, disruption is potentially
destabilizing to long-established infrastructures and ways of doing things. On the
demand side, most customers are not concerned about how their electricity is
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generated; they only care that it be delivered reliably and at the lowest cost possible.
So public demand for change is limited. Indeed, if microgrids do threaten the
hegemony of monopoly IOUs, as the asteroid did the dinosaurs, we should expect that
all tools and obstacles available to the IOUs will be thrown to slow down or prevent
deployment of community energy, in order to delay IOUs’ extinction, with the public
doing little to resist.
Why is BAU so entrenched, especially if there are better ways of accomplishing the
same goals? Explanation of this paradox requires a brief lesson in what is called
“political economy,” that is, the ways in which those with power, wealth and
influence are able to shape law and regulation in their favor. Under BAU, playing the
game according to written rules is for suckers, whereas writing the rules that shape
the structure of the game can ensure victory without having to throw a single ball into
the field. IOUs and institutional shareholders have the concentrated wealth and
influence to shape the structure of the game, and they also have friends in positions
of wealth and political power who can help them do this.
By contrast, customers are highly dispersed small fry, who have limited resources to
bring to bear on policy and politics and rarely have the time or wherewithal to act
individually. 26 The CPUC does not what to upset the century-old system and often
seems to be an especial friend of the three IOUs, who can get pretty much whatever
they request in the way of rulings and regulations. They have not been shy in asking
for restrictions that make it difficult, if not impossible, to level the regulatory field for
community-scale microgrids. 27
The second hurdle lies in three major regulatory obstacles to small power generators
who would like to export power into the grid or sell it to local customers. Public
regulation of private utilities was initiated in the early part of the 20th century, in the
interest of limiting competition and controlling monopolies within utilities’ service
territories. 28 Today, however, such regulation mostly benefits the IOUs and the status
quo and they make it difficult, if not impossible, for microgrids to compete with them
(see below).
The first obstacle restricts who can qualify as an electrical corporation (utility).
Section 218 29 of the California Public Utilities Code is very explicit about this. An
“Electrical corporation” includes every corporation or person owning,
controlling, operating, or managing any electric plant for compensation within
this state, except where electricity is generated on or distributed by the
producer through private property solely for its own use or the use of its
tenants and not for sale or transmission to others (Section 218a).
Second, there are strict limits on what a non-utility is and can sell if it is generating
power:
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“Electrical corporation” does not include a corporation or person employing
cogeneration technology or producing power from other than a conventional
power source for the generation of electricity solely for any one or more of
the following purposes:
(1) Its own use or the use of its tenants.
(2) The use of or sale to not more than two other corporations or persons
solely for use on the real property on which the electricity is generated or on
real property immediately adjacent thereto, unless there is an intervening
public street constituting the boundary between the real property on which
the electricity is generated and the immediately adjacent property… (Section
218b). 30
In other words, anyone generating electricity for their own use is not permitted to
transmit or sell surplus power to anyone except next-door neighbors and is absolutely
forbidden to do so across “an intervening public street,” because to do so is allowed
only to an “electrical corporation.” 31 In effect, the franchise granted to a utility by a
city or county turns a public street into a type of private property. A utility can grant
an easement to cross a public street but it is under no obligation to do so (and it can
charge handsomely for the privilege, if it so desires). 32
Third, to whom can a microgrid generator sell electricity? The subsections of
California Public Utilities Code Section 218(2) stipulate limits “when one or more of
the following applies:”
The real property on which the electricity is generated and the immediately
adjacent real property is not under common ownership or control, or that
common ownership or control was gained solely for purposes of sale of the
electricity so generated and not for other business purposes… (Section 218b
2A).
Sale or transmission to an electrical corporation or state or local public
agency, but not for sale or transmission to others, unless the corporation or
person is otherwise an electrical corporation (Section 218b 3). 33
Section 218e also stipulates that an “independent solar energy producer” is not an
“Electrical corporation.” These are governed by California Public Utilities Code
2868, 34 which defines such entities as follows:
(b) “Independent solar energy producer” means a corporation or person
employing one or more solar energy systems for the generation of electricity
for any one or more of the following purposes:
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(1) Its own use or the use of its tenants.
(2) The use of, or sale to, not more than two other entities or persons per
generation system solely for use on the real property on which the electricity
is generated, or on real property immediately adjacent thereto.
(c) “Real property” means a single parcel of land.
In other words—and in theory—anyone with solar panels on their roof seems to qualify
as an independent solar energy producer and is permitted to transmit and sell power
to adjacent neighbors. In practice, however, this is pretty uncommon.
Fourth, how much can a microgrid generator charge for electricity? So long as the
generator remains within the restrictions stipulated in the utility code, it would
appear that any price is acceptable (although gouging is frowned upon). Presumably,
the price would include the cost and loan terms of capital, operations, maintenance
and a premium constituting profit. This could easily be less than the retail tariff
charged by IOUs and CCAs.
However, as soon as an independent solar energy producer tries to export electricity
into the distribution grid, the game changes entirely. For solar rooftops, under the
current policy of “net energy metering” (NEM), any surplus electricity fed into the
grid is “sold” to the utility at the going retail price per kilowatt- hour—the meter
spins backward—and “bought” back by the generator when the microgrid or PV array
is not operating. Under NEM, generators receive a credit on their bills but no
monetary remuneration for surplus electricity. 35 How long NEM will continue to be in
effect is unclear, however, because the IOUs tend to see individual solar producers as
freeriding on the transmission system and not paying their share of operating and
maintenance costs.
The situation gets far more complicated if a microgrid operator wants to export
power, because the only way to do this is through the utility grid, which incurs a
number of costs beyond that of the power itself (see Figure 3)
1. When microgrid power touches the utility grid, it is subject to a transmission access
charge (TAC), even if it is flowing to a local customer. The TAC runs to about
3¢/kilowatt-hour (kWh).
2. Use of the grid incurs additional transmission and distribution use charges. As Table
1 illustrates, within PG&E’s service territory, transmission and distribution charges
are twice the basic generation cost. These are intended to pay for repairs and capital
improvements to the grid, which PG&E estimates to be $6 billion per year for the next
5-6 years.
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3. The utilities can impose insurance charges to cover any costs arising from
malfunction or damage to the utility’s network arising from microgrid transmission.

Table 1: PG&E & 3CE energy & service charges from my December 2020 utility bill
4. The utility can also demand transfer of ownership to itself of parts of the
microgrid’s own transmission network and impose the future cost of operation and
maintenance of those portions on the microgrid operator. 36
This is not the end of the regulatory gauntlet facing microgrids and their owners,
operators and customers, but it gives a sense of the obstacles facing communities who
might want to generate their own power and transmit and sell it to local users.
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California Senate Bill 1339, passed in 2018, includes the following from the Legislative
Counsel’s Digest summarizing the bill:
This bill would require the PUC, in consultation with the State Energy
Resources Conservation and Development Commission and the Independent
System Operator, to take specified actions by December 1, 2020, to facilitate
the commercialization of microgrids for distribution customers of large
electrical corporations. The bill would require the governing board of a local
publicly owned electric utility to develop and make available a standardized
process for the interconnection of a customer-supported microgrid, including
separate electrical rates and tariffs, as necessary. 37
What happened? In a word, wildfires in 2018 and 2019 and the Public Safety Power
Shutoffs (PSPS) imposed by the IOUs in 2019 as a precaution during windstorms. What
became apparent during the shutoffs was that many essential and critical services—
hospitals, supermarkets, fire and police—had no backup power sources and could not
operate. As a result, “resilience” became the watchword. 38
Resilience is a problematic term that draws from the analogue in ecology, where it
describes a “resilient” ecosystem as one that can return to a pre-disturbance
condition. As applied to human affairs, however, the term has come to mean a
situation in which an organization, town or city can recover from an emergency or
disaster without external help, much like a household stockpiling food, water and
other goods in order to ride out a blizzard or hurricane. Resilient power supplies will
provide emergency services to a community but those without backups will have to sit
in the dark as the food in their freezers thaws and rots. 39
As a result, the proceedings contingent on SB 1339 are focused almost entirely on
resilience rather than commercialization and, as of this writing, the environment for
deployment of microgrids outside of the purview of the IOUs is poor. As a result of its
current (2020) microgrid proceedings (Track 2), 40 the CPUC is likely to allow each of
the three IOUs to build up to 10 microgrids within their service territories, connect
them to the grid and operate them for five years in order to iron out any bugs. 41
These will be designed specifically for “resilience” purposes although they presumably
will also be allowed to provide electricity to essential facilities even when there is no
power emergency. The CPUC plans to hold additional microgrid proceedings (Track 3),
although the specific content and goals have not been determined. In light of the
Track 2 decision, whether the outcomes of Track 3 hearings will facilitate increased
commercialization of microgrids remains to be seen. 42
IV. Financing & economics as obstacles
What about money? Do solar microgrids pencil out? Can they generate monetary and
other benefits over their lifetimes that exceed capital and operating costs? Answers
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to such questions are critical to public funders and private investors, among other
sources of financing, the former to demonstrate that money has been put to good use,
the latter seeking a robust return on investment. Independent microgrids can be
financially risky projects if the CPUC and the IOUs can burden them with all kinds of
costs that raise their final electricity prices to noncompetitive levels. The promise is
still not of sufficient mass to kill the dinosaurs. The asteroid has been sighted, but it
has yet to hit the Earth (and maybe it will miss entirely).
Financial viability is enormously complicated and involves not only capital costs but
also design, interconnections, construction, transmission, ancillary services, utility
tariffs, taxes, tax credits, siting, building permits, neighborhood acceptance and
trust, among other things. 43 A homeowner might pay around $20,000 to put 5
kilowatts of solar PV on her roof, with a reasonable payback period that depends on
electricity generated and consumed. By contrast and comparison, and all else being
equal, a 10-megawatt microgrid (10,000 kilowatts) must cover not only equipment
costs ($15-20 million) but many others that don’t affect a homeowner. Table 1 below
is an incomplete list of financial considerations.
Costs
Capital (equipment, plant, construction)
Investor return on equity investment
Loan or bond interest
Land & development
Operation & maintenance
Insurance & liability
Connection to grid (if necessary)
Taxes
Table 2: Inputs into microgrid financing

Offsets
State & federal tax credits
Value of generated electricity
Depreciation
Ancillary services & value stacking
Renewable energy credits
Carbon credits
Avoided costs of new plant construction
Avoided costs of new transmission &
distribution

The benefits of microgrids are not limited simply to the straight economic case for or
against or the cost of power relative to other sources (we provide some sample
calculations in the last section of this brief). There are additional benefits that will be
difficult to capture and some costs that rest more on handwaving than hard evidence.
For example, 2018’s Senate Bill 100, 44 signed by then-Governor Jerry Brown,
mandates full electrification of California by 2045 (including transportation). This will
require not only new sources of generation but, if these are far away from customers,
new transmission and distribution lines, which will be quite costly. Community
energy systems providing power locally could greatly reduce this latter need. There
will be some benefits in terms of carbon emission reductions, both financially and
ecologically. The social cost of carbon is, for the moment, quite low, but we can
imagine that it will rise in the future. Resilience, reliability, peak load resources,
reductions in utility capital expenditures, greenhouse gas reductions, grid and voltage
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stability and other ancillary services are benefits 45 that are not presently monetized
or recognized, much less internalized in financing and operating calculations. 46
Some communities and community choice aggregators (CCAs) do include these
broader benefits in their calculations, even if they cannot be monetized. It is entirely
feasible for Santa Cruz to create a municipal utility, purchase or exercise eminent
domain over PG&E’s distribution network within its boundaries (which PG&E refuses
to do), build generating plants and sell electricity to local customers (see the
Gonzales case study below). Community Choice Aggregators could choose to purchase
power from local microgrids rather than independent renewable power producers
hundreds or even thousands of miles away (as Central Coast Community Energy, aka
“3CE,” is doing). Neighborhoods could get into the game, linking rooftop solar to
supply their own needs as well as their neighbors and exporting the surplus for sale
across the grid or operating “virtual power plants.” But these are mostly possibilities
for the future. 47 Monetization of the value stack will help to increase financial
viability.
In September 2019, 3CE, Santa Cruz’s regional community choice aggregator (CCA),
issued a “5-Year Electrification Programs Roadmap,” 48 which described a “Smart
Connect Microgrid Program…designed to facilitate the development of microgrid
projects in the MBCP service region to support the company’s GHG reduction,
economic development, grid reliability and resiliency, and community emergency
preparedness goals” (p. 51). 3CE requested proposals for public emergency site
microgrids but it does not appear that any have been authorized. And 3CE has
evinced little interest in local power, claiming it to be too expensive. Instead, it is
contracting with independent solar and wind generators based in Kern County,
California, Nevada and New Mexico. 49
Indeed, it is not entirely clear whether California CCAs are, as a whole, interested in
either building or contracting with community-based solar microgrids for electricity.
They appear to have the legal authority to do so and have been given the high credit
rating required to issue bonds for financing local microgrids. But the CPUC’s Track 2
decision could make it difficult, if not impossible, for a CCA to do this.
V. Financing options
What are the alternatives available for financing a solar + storage community energy
system? The options described here are more in the realm of possibilities than proven
approaches since the business is so very new.
1. Private loans: Conventional bank term financing (15-25 years) at a fixed or
variable interest rate, with repayment from project revenues.
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2. Private equity: Individual investors provide some or all of the financing, usually
with the goal of being repaid within 5-6 years (internal rate of return of 20%).
3. PACE (Property Assessed Clean Energy): National program that provides up to 100%
financing through municipal loans that are repaid as an assessment on a property tax
bill.
4. Reserves: Cash in hand to cover project cost.
5. Community funding: Crowdfunding or shareholder investment in a solar workers
cooperative.
6. Public financing: Grants and loans through public funding programs or green bonds
issued by a municipality or CCA.
7. Power Purchase Agreement: Lease agreement with installer who owns the system
and charges user for electricity.
8. Co-financing for nonprofits: Co-financing contract between nonprofit and private
entity able to take solar tax credits. 50
Which would be the best option to pay for a community energy system? Financing
specifics depend on ownership, project financials, customer base and legal issues,
among other considerations, including the project’s management and operating
structure.
VI. Organizational options
How is the community energy system to be owned, managed and operated? Again,
there are numerous possibilities that depend on the legal status of the
owner/operators (public, private, non-profit, coop), the financing arrangements and
governing structure (corporate board, municipal council, member/investor decisionmaking).
1. Single owner/operator: A single corporate entity, such as a utility, CCA or
corporation, finances, builds and operates the system, providing electricity to
customers at a tariff determined by system-transmission network architecture.
2. Split ownership & operation: Two or more entities own and operate parts of the
system, for example, a CCA or corporation owning and operating the generation
section and a utility controlling distribution.
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3. Non-profit operation: A single entity owns and operates, or shares ownership and
operation, of the system, usually serving a single building or a complex of adjacent
buildings.
4. Cooperative operation: A community-financed and governed organization owns
and operates individual systems with power purchase agreements with building
owners.
V. Four case studies
The precise number of solar microgrids in California is difficult to determine. Many, if
not most, seem to be designed to serve single buildings or several adjacent ones, and
utilize net energy metering rather than on-site storage for backup power. 51 Here, we
present two case studies that illustrate both the potential and pitfalls of building and
operating a solar microgrid.
1. Redwood Coast Airport Renewable Energy Microgrid. This project, under
construction, brings together Humboldt County, the Redwood Coast Energy Authority
(RCEA), the Schatz Energy Research Center (SERC) and PG&E as partners. The project
is funded by a $5 million grant from the California Energy Commission and $6 million
in match funding from RCEA. This is a split private/public project. RCEA owns and
operates the generating portion of the microgrid; PG&E owns the microgrid controller
and distribution system (see below).
As the project website puts it, “The County will house the airport microgrid, RCEA
will own and operate the solar and battery systems, PG&E will operate the microgrid
circuit [i.e., the intertie to the grid], and SERC will be the prime contractor
responsible for the project design and technology integration.” 52 The project
includes
300 kW net-metered system to offset daily electricity usage at the airport
2.2 MW of wholesale power that will feed clean energy directly into the grid
2.2 MW battery storage system providing 8.8 MWh of energy storage
Microgrid controller providing the ability to “island” from the main grid so the
airport and adjacent Coast Guard facility can run fully on solar and batteries if
there is a regional power outage
● Electric vehicle charging stations capable of demand response
● Enough solar-generated electricity to power 430 households and prevent the
emission of ~880 metric tons of carbon dioxide (id.)
●
●
●
●

The microgrid schematic, shown in Figure 3, suggests, however, that all electricity
generated by the installation, including that provided to the airport, will be moved
through the PG&E-owned 12 kV line (perhaps the internal circuit is not shown). In
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other words, while RCEA owns and operates the system, PG&E controls how much
electricity enters the grid and to whom it is supplied. In this instance, PG&E’s role

Figure 3: The Redwood Airport Schematic 53
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Figure 4: Redwood Microgrid Base Financial Case 54
eliminates most of the regulatory and other complications described earlier in this
brief. 55
The Redwood Coast project would not be possible without the CEC grant and, over its
lifetime, will not yield sufficient revenues to cover more than a portion of its costs.
Figure 4 illustrates the “base case” financial picture. The Net Present Value of
energy and regulation revenues will total roughly $5 million over the life of the
project. All else being equal, the generation cost is roughly 13¢ per kWh, while PG&E
will pay RCEA 6.2¢ per kWh. 56 Enough said.
2. The Gonzales Renewable Energy Project
Gonzales, California (just south of Salinas) is building a city-owned and islanded
microgrid to serve its business park (Figure 5), with the possibility of connecting to
the utility grid sometime in the future (Figures 6 & 7). 57 This will include 14.5 MW of
solar, 10 MW of thermal (natural gas) generation, an10 MW/27.5 MWh of battery
storage, at a total cost of $70 million. The system is composed of two parts: power
generation and distribution. This is a split private/public project. The first part will
be built by the Gonzales Electric Authority (GEA) and Bodega Microgrid LLC, with the
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Figure 6: Gonzales Microgrid Program Area 58
latter providing the financing and operating the generation part. GEA will provide
wholesale electric power and related energy services to the Gonzales Municipal
Electric Utility (GMEU), which will finance and own the distribution system and sell
retail electric power and related energy services to its Business Park customers. The
distribution system will parallel and be separate from existing PG&E distribution
facilities in the area. 59 According to GEA documents, the wholesale cost of power will
be somewhere between 11 and 12.5¢ per kWh. 60 No retail power price is provided,
but it will probably be less than PG&E’s retail tariff. Note further that the thermal
component is included because of power guarantees provided by Bodega to the GEA.
The organization of this project offers a model for other municipalities to follow.
Cities and counties within and IOU’s service area have long-standing franchise
agreements with their utility. These, as noted above, impose restrictions on
competing power generators and suppliers and to whom they can sell power. At the
same time, however, cities and counties can create their own utilities and even
exercise eminent domain and condemn, purchase and operate the IOU’s distribution
system within their boundaries. This is no simple matter and the price of the
distribution network demanded by the IOU could well exceed its value, especially in
light of necessary upgrading costs. Only a few California cities have done this.
Even though Gonzales is within the service territories of PG&E and Central Coast
Community Energy, the local CCA, the city decided to proceed on its own (apparently,
neither the utility or CCA was willing or interested to participate or manage the
proposed system). Thus, Gonzales created its own electric utility (GMEU) within its
existing utility department to “provide power and heat for the City of Gonzales
Community” and the joint powers Gonzales Electric Authority “for the purpose of
operating and managing the City’s municipal electric enterprise system.” 61 In order
to avoid entanglement with PG&E and the CPUC, as noted above, the GMEU’s
distribution system is entirely separated from PG&E’s, which is quite legal. But this
also means that GMEU cannot sell electricity to any customer outside the “microgrid
program area. 62
3. Stone Edge Farm Microgrid (https://sefmicrogrid.com/): Stone Edge Farm is an
organic operation near Sonoma, California that grows vegetables, fruit, olives, wine
and other food products. According to its website
Stone Edge Farm comprises 25 buildings on 16 acres. Currently in place are 12
solar arrays on ten buildings with 553 photovoltaic panels and a capacity of 160
kW. Three major battery types, or chemistries, and nine different inverters
installed at 11 sites, three fuel cell hives, and a microturbine bring total power
capability to over 600 kW. 63
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Figure 6: Bodega Microgrid Power Generation System 64

Figure 7: Gonzales Municipal Electric Utility Distribution System 65
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Surplus solar electricity is used to produce hydrogen for storage and vehicle fuel. The
system (Figure 8) is connected to the grid but can be islanded as necessary. It is
wholly owned and operated by the Farm.

Figure 8: Stone Edge Farm Microgrid 66
There are no financial or cost data available for this project; it has been financed outof-pocket by the Farm’s owner, Leslie and Mac McQuown and has become more of an
experimental project, as seen by its 26 partner universities. 67 Most privately-owned
microgrids are smaller and simpler in terms of scope, capacity and operation.
4. Virtual microgrids & other imagined beasts: The term “virtual microgrid” is
applied to several different kinds of beasts. In one incarnation, it is applied to
models that analyze operation in relation to the utility grid. In a second, it is a
“smart” system that analyzes exports into the grid of multiple systems, manages
customer demand and balances both in order to maximize revenue and minimize grid
instability. More broadly, a virtual microgrid could also be a “shadow” system that
collects supply and demand data from many individual solar and storage installations
and calculates the aggregated total of exports and imports from them. This would
allow real-time presentation of the contributions across demand cycles of the
aggregate virtual system.
For example, the Clean Coalition, a non-profit based in Santa Barbara, California, is
helping the Santa Barbara Unified School District (SBUSD) to stage solar + storage
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systems for daily and emergency service at 14 schools, with six described as “full solar
microgrids.” 68 The individual installations will be connected to the grid, exporting
and importing power, but will also be configured to provide emergency power when
the schools are operating as community shelters and to protect frozen food and
equipment. Because the SBUSD pays a single utility bill, the export, import and
demand from the 14 sites could be aggregated and treated as a distributed virtual
microgrid system for illustrative and budgetary purposes. This appears to be the
approach of other Clean Coalition microgrid projects, such as that planned in
Camarillo, California for five municipally-owned sites. 69
VI. Our plan for Santa Cruz community energy
Sooner or later, microgrids will begin to appear in growing numbers and, as more and
more customers generate their own electricity and rely on PG&E for supplementary
power or even leave the grid, it will become necessary for the IOUs to come to terms
with the changing power generation landscape. In our view, the time to prepare for
this future is now. We believe it is a good idea to have systems in place and
operating before that day arrives, and the Santa Cruz Community Energy System is an
initial step in that direction. If the microgrid is designed properly and made as “grid
ready” as possible and feasible, it could provide a model for similar projects not only
for single buildings and their neighbors but also for communities as a whole. 70
At present, there are only a few microgrids within Santa Cruz city boundaries, even
though there has been local interest in seeing such facilities built for at least the last
decade. Those that do exist are small and serve single buildings (see Sandbar Solar’s
microgrid, for example 71). There are conversations underway about developing local
microgrids for power outage resilience, as well. The Santa Cruz Community Energy
System will consist of three elements:
1. Santa Cruz Westside Microblock (SWIM), a 10-Megawatt system plus battery
storage, which will serve light industrial buildings in an area bounded by the Mission
Street extension, Natural Bridges Drive and Delaware Street (see Figure x), with
resilience transmission to essential facilities on and near Mission Street.
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Figure 9: Conceptual layout of SWIM
2. Boardwalk & Beach Flats Power Grid is a 6-Megawatt system plus storage, which
will provide the SC Beach Boardwalk and adjacent neighborhoods with power from
solar carports built over nearby parking lots (see Figure 10).

Figure 10: Solar carports adjacent to the SC Beach Boardwalk & Beach Flats
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3. Antonelli Pond Connected Community Microgrid is a 500-kilowatt microgrid plus
storage serving a future community of new homes on property adjacent to Antonelli
Pond (Figure 11). These homes will incorporate various smart building technologies
and sensors and will be monitored for energy use and performance.

Figure 11: Site of Antonelli Pond Connected Community
The complete system includes a trenched conduit, along the Santa Cruz Rail Trail
right of way, running from the Antonelli site to the Boardwalk, with a connection to
the city center. Thus, the system could be operated during emergencies to provide
power to critical facilities on the west side of Santa Cruz as well as downtown.
The complete community energy system will be developed, built and connected over
a ten-year period. We expect that the various restrictions currently imposed on
autonomous microgrids will be liberalized or eliminated by 2030, if not sooner.
Construction will proceed in four phases.
Phase 1: Designing & building SWIM (2021-25). This will consist of a buildout of
rooftop solar installations within the boundaries of SWIM to a total of 10 MW. 72
Sandbar Solar already operates an islanded solar microgrid on its own property. The
Wrigley Building has 650 kilowatts of solar panels on its roof and over a parking lot
across the street and it has rooftop and lot space for up to another 2 megawatts. The
SC Nutritionals building (formerly Lipton) and space around it can accommodate
another 5 megawatts of panels plus batteries. The Wrigley Building will be connected
to Santa Cruz Nutritionals via conduit running under the Rail Trail and to the cold
storage facility to the east of the Wrigley Building. Building owners will be solicited
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to install solar + storage systems and to sell electricity to neighbors. Eventually,
these independent installations will be integrated into a single system, with battery
storage, supplying the entire block.
Phase 2: Building the Boardwalk & Antonelli Pond microgrids (2025-27). Contingent
on approval of the owners, design, engineering, permitting and financing of these two
installations will be initiated in 2023, and built between 2025 and 2027. The
Boardwalk project could be operated to provide a basic universal income to residents
of Beach Flats through SSRF’s “End Poverty in California with Solar” (EPICS)
program. 73
Phase 3: Conduit installation along the Rail Trail & creation of Santa Cruz Solar
Utility (2028-29): Permission to trench will be sought from the Regional
Transportation Commission and other relevant agencies with financing to be
determined. Beginning in 2023, there will be lobbying of the SC City Council to create
a joint powers authority and municipal solar utility.
Phase 4: Connection of individual systems and the whole into the utility grid
(2030). SWIM will include a cold connection to the utility grid adjacent to PG&E’s 60
kilovolt substation at Western Drive and Highway 1. The three components will
operate independently until the conduit is operational at which time they will be
connected.
As a first step in launching the project, a California Central Coast Solar Workers
Cooperative will be set up to manage and finance the project. A worker-owned
cooperative with community investors is a private, community-based, owner-member
corporation with democratic management and governance. 74 In this context,
“worker-owner” are those members who actually run the coop. Such an organization
already exists in Oakland in the People Power Solar Cooperative
(https://www.peoplepowersolar.org/). Because this is a private entity, it can take
advantage of tax credits and also float loans. In the longer run, the City of Santa Cruz
or 3CE would take ownership of the energy system and run it through an arrangement
like that created by the City of Gonzales.
Assumptions used in financial and economics are in Table 3. Table 4 provides a broadbrush description of the financials and economics of the three components of the
community energy system. Note that the cases presented here are simplified ones
that do not take into account declining system efficiency (declining revenues), tariff
increases over time (increased revenues), depreciation (reduced taxes), discount
rates (reduced revenues?) or distribution costs for feed-ins to the grid (reduced
revenues). There are also likely to be additional costs not anticipated (technical,
legal, regulatory). On balance, however, the results are probably within 25% of the
final ones after the project is completed.
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Table 3: Assumptions built into financial calculations75
Project name
Solar capacity (MW)
Storage capacity (MWh)
Lifetime
Green bonds rate
Solar + storage capital cost 76
Total cap cost after credits
LCOE over 30 years (¢/kWh)

SWIM
10
20
30
2.5%
$2/watt
$22,750,000
10.4

Boardwalk
6
12
30
2.5%
$2/watt
$14,770,000
11

Antonelli
0.5
1
30
2.5%
$2.50/watt
$1,260,000
11.8

Table 4: Santa Cruz Community Energy System Financial Estimates
Project elements
Generator nameplate capacity (kw DC)
Net capacity factor for California
Electricity production in Year 1 (kWh)
Project useful life (years)

SWIM
10,000
18%
15,800,000
30

Boardwalk
6,000
18%
9,500,000
30

Antonelli
500
18%
790,000
30

Capital costs
Generation & storage equipment
Balance of plant & distribution system
Development costs & fees
Reserves & financing costs
Conduit & distribution ($1 million/mile)
Total capital cost
Federal & state tax credits (30%)
Final capital cost

$20,000,000
$5,000,000
$500,000
$1,000,000
$6,000,000
$32,500,000
($9,750,000)
$22,750,000

$12,000,000
$3,000,000
$500,000
$600,000
$4,000,000
$21,100,000
($6,330,000)
$14,770,000

$1,250,000
$250,000
$250,000
$50,000
$0
$1,800,000
($540,000)
$1,260,000

Financing cost
Green bonds @ 2.5% for 20 years (1.64x)
Capital & financing costs

$14,560,000
$37,310,000

$9,450,000
$24,200,000

$806,000
$2,066,000

Operating, maintenance & other costs
Annual Loan repayment over 20 years
Fixed O&M ($2.50/kW-yr. DC)
Variable O&M (0.5 ¢/kWh)
Insurance
Property tax, leases, income taxes
Total costs per year for year 1-20
Total costs per year for year 21-30

$1,865,500
$25,000
$79,000
$200,000
$100,000
$2,270,000
$404,000

$1,210,000
$15,000
$47,500
$120,000
$60,000
$1,453,000
$242,500

$103,300
$5,200
$4,000
$10,000
$5,000
$127,500
$24,200

14.4
$3,160,000
$890,000
$2,756,000
$45,360,000
10.4

15.3
$1,900,000
$447,000
$1,657,500
$25,515,000
11

16.1
$158,000
$30,500
$133,800
$1,948,000
11.8

Retail costs, revenues & profits
Cost of electricity in year 1 (¢/kWh)
Revenue in year 1-30 @ 20¢/kWh
Net income in years 1-20
Net income in years 21-30
Cumulative profit over project lifetime
Levelized cost of electricity over 30 yrs.
(¢/kWh)
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VII. What are we to do?
Given the obstacles and complications thrown up by the IOUs and CPUC, the easiest
thing to do at this time would be to go with the flow and wait until 2030 to venture
in. That would probably reduce the financial risks to microgrid builders and operators
but it would also leave the IOUs’ monopoly status largely intact. The state’s
renewable energy and electrification goals and looming climate change don’t allow us
to wait until then.
We believe there is no need to wait to begin this project. If the Santa Cruz
Community Energy System can be pulled off successfully, it will become a model for
other communities and support the move toward community-controlled distributed
energy and away from utility monopolies, and help to bring the IOU extinction event
that much closer. SSRF and its partners intend to be “shovel ready” when that
moment comes. For this purpose, we will be creating the worker cooperative with
community investors and we invite you to join us in this effort. For more information,
or to join, please contact the Sustainable Systems Research Foundation at
sustainablesystemsresearch@gmail.com.
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