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1. Introduction 
A few weeks ago I posted a two part series on PG&E’s likely reorganization details. One 
of these details is how they intend to mitigate the Public Safety Power Shutoffs (PSPS) 
used to reduce the chances of sparking additional wildfires. Although there were multiple 
actions to do this (link below), the primary strategy for remote parts of their service 
territory was a series of (initially) 20 microgrids. These will allow long stretches of 
transmission line to be de-energized while keeping the remote consumers powered.  

https://www.pge.com/en_US/safety/emergency-preparedness/natural-
disaster/wildfires/key-safety-improvements.page  

The details on these microgrids are pretty fluid at this point (as the phase-one project 
funding for these is initially being processed by the CPUC), as any good microgrid 
engineer would understand. 

One of the most powerful abilities of microgrids is to scale over a wide range of 
applications. Since PG&E is involving the communities (customers) using these in 
design decisions, the specifics for each microgrid will not be firm until the individuals 
serviced by each of these (and other stake-holders) have had a chance to make their 
inputs. Then PG&E (assisted by a microgrid-engineering firm) will create a conceptual 
design, present this to each community and the CPUC and have it approved. Only at this 
point can implementation start. Even with due urgency, I expect completion of each of 
these microgrids will require three to five years. 

A few years ago, I posted a two-part series on Microgrids. Part 1 focuses on microgrid 
history, configurations and technology. Part 2 focuses on how microgrids might be 
integrated in the electric utility culture. I just went through Part 1 and made some minor 
cleanups. The links to these are below. 

https://energycentral.com/c/cp/reemergence-microgrids-%E2%80%93-part-1-rev-b  

https://www.energycentral.com/c/pip/reemergence-microgrids-part-2  

Note that this post is on the five dimensions of flexibility, not the details of microgrid 
design and integration which were covered by the above-linked Part 1 post. It is also 
specific to microgrid applications similar to the PG&E Microgrids. The five dimensions 
are: 

 Facility / grid segment size supported by the microgrid 

 Level of service provided to each consumer in the microgrid 

 Sustainability of the energy sources used by the consumers 

 Evolution stage as the microgrid is implemented 

 Realization of different functions that benefit different consumers 

2. Initial Benefit Realization & Evolution Stage 
I have worked on several microgrids, and all of these had two things in common: 

https://www.pge.com/en_US/safety/emergency-preparedness/natural-disaster/wildfires/key-safety-improvements.page
https://www.pge.com/en_US/safety/emergency-preparedness/natural-disaster/wildfires/key-safety-improvements.page
https://energycentral.com/c/cp/reemergence-microgrids-%E2%80%93-part-1-rev-b
https://www.energycentral.com/c/pip/reemergence-microgrids-part-2
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1. A high priority benefit was protection against extended electric outages, hereafter 
“power resiliency”. 

2. They either had (generally diesel) backup generation prior to the start of the 
microgrid implementation, or this was added during the first phase of the 
implantation 

For the target microgrids it appears that PG&E will start the implementation with backup 
generation. I would guess the plan is currently to use fossil-fueled large generator 
trailers, as PG&E already has at least a few of these. The first two phases of this plan 
are to make substations and-or other major grid components back-up generation ready, 
and then add the back-up generation, probably via the trailer-mounted generators, do 
this for many service areas prone to PSPS-driven outages, and complete this by the 
start of the 2020 wildfire season (say September to October). 

2.1. Alternative Backup Generation 
It is suggested that the above large trailer-mounted generators be propane-fueled rather 
than diesels where this is possible. I know these are available from Generac (image 
below) with a maximum power of at least 350 kW. Although I expect diesel mobile 
generators have higher capacities, a propane-fueled generator would solve several 
problems.1 

 Propane-fueled units are much cleaner than the cleanest diesel generators. This 
would satisfy environmentally sensitive stake-holders (like the State of 
California). 

 The 350 kW Generac unit has sound emissions of 80 dB(A) @ 23 ft. I expect this 
is much quieter than a portable diesel unit of the same capacity. 

 Fueling could be provided by a local propane supplier.  

 Operation could eventually be transitioned to biopropane for very low net 
greenhouse gas (GHG) emissions.2 

 

                                                 
1 Generac, MGG450 Gaseous Generator Page, 

https://www.generacmobileproducts.com/products/generators/products/mgg450-gaseous-generator  
2 Alkcon Corporation, Biopropane, https://www.alkcon.com/biopropane/  

https://www.generacmobileproducts.com/products/generators/products/mgg450-gaseous-generator
https://www.alkcon.com/biopropane/
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2.2. Demand Response 
In the next section we will review level of service. This is a simple concept: every 
consumer has a level of service (guaranteed percentage of time that electricity is 
available among other possible criteria) that that the consumer wants or needs. That 
level can be supplied by the grid (perhaps including a microgrid), or behind-the-meter 
equipment. There is a cost and advantages for either alternative. This will be reviewed in 
the next sections. 

I believe all of PG&E’s electric meters are communicating profile meters (they 
communicate through a network and record/upload 15-minute kWh intervals), and these 
can probably be exchanged for meters that are either capable of disconnecting the 
consumer, and/or limiting the amount of power each consumer uses. If a consumer has 
a very high level of service (from the grid), these service-limiting components will not be 
needed. If the consumer has a low level of service, these may be needed in conjunction 
with the full microgrid implementation. 

One alternative for the operation of service-limiting meters is for them to only limit 
service when a microgrid is supplementing grid services. In this way the cost of some 
microgrid components can be reduced, which could decrease any charge for specific 
levels of service. 

Using demand response to reduce overall demand within the microgrid (or the grid as a 
whole) is a simple technique. For instance, if different levels of service are applied to 
consumers that are being supplied by a microgrid during an outage, those with lower 
levels of service might be periodically interrupted to allow the microgrid to support the 
community for a longer period. The scheduling of the interruptions might depend on the 
microgrid component being conserved (say battery capacity or fuel for backup 
generation). This might be especially critical at night (when photovoltaic generation is not 
available), or during peak demand periods. 

3. Level of Service 
A level of service guarantee and charge can be applied to any service contract. In this 
paper the service is the supply of electricity to a specific consumer. The contract this 
service is provided under is an electric rate schedule (a.k.a. tariff).3 Level of service 
criteria that might be used in such contracts include: 

 The number and cumulative duration of long outages (longer that a some number 
of minutes to hours), and maximum length of an outage during a given billing 
period (usually a month) 

 The number of brief outages (longer than some number of seconds) during a 
given billing period 

 The number and magnitude of voltage fluctuations beyond a defined limit and 
maximum duration of these voltage excursions during a given billing period 

For the simplified level of service provided to consumers served by the grid with a back-
up microgrid, it is proposed to only use the first bullet above to define the offered levels 

                                                 
3 For PG&E’s current tariffs can be found on their tariff page here: https://www.pge.com/tariffs/index.page  

https://www.pge.com/tariffs/index.page
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of service. As described during the prior section, this might result in a monthly charge or 
demand-related charge being applied to consumers with higher levels of service. 

3.1. Consumer Choices 
Considering whether a specific consumer wants or needs a higher level of service one 
must look at how a particular facility uses electricity. We will look at this subject later in 
this paper, but it should be noted that some consumers/facilities do not need higher 
levels of service for a number of reasons.  

In defining how these microgrids evolve and provide/fund benefits, I will use my second 
home-city (Arnold, CA) as a vague model. Although Arnold is not a target for the first 20 
PG&E Microgrids, it is probably is a typical community for many of these. PG&E has 
been industriously performing vegetation management around grid elements feeding 
Arnold. Other stake-holders (primarily CalFire and the U.S. Forest Service) have been 
working to increase the fire-resilience of the forest around Arnold. For the preliminary list 
of communities targeted for PG&E’s early microgrids see the reference here. 4 

I only spend an average of a few days a week in my second home, and I have “outage-
proofed” this facility via alternative (battery powered and kerosene) lighting, no 
perishable foods in the refrigerator and alternative heating and cooking methods (wood-
burning stove). Thus I could probably accept the lowest level of service. 

For a facility/consumer that needs a high level of service there are two alternatives, and 
some “hybrid approaches. The two alternatives are (1) pay for high level of service from 
the utility, or (2) provide behind the meter equipment to power critical loads during 
outages. The hybrid approaches depend on the number of levels-of-service offered. For 
instance, one lower level of service offering might limit the maximum outage duration to 
some period of time (say four hours), and/or limit the maximum power a consumer can 
draw from the microgrid (say 1 kW). With the latter, typically if the consumer exceeds 
this maximum, after a warning alarm the meter disconnects the service, and someone 
must manually reset the disconnect-switch. With the hybrid approach the consumer may 
also choose to add a large battery bank (like a Tesla Powerwall) verses his/her own 
facility microgrid. 

3.2. Consumer Microgrid 
For consumers/facilities that want to add a microgrid that completely protects against 
any outage (including ones resulting from a failure of the distribution system or other 
major component of the microgrid), in addition to storage, some long-duration generation 
source would need to be added (plus some other elements). This is typically photovoltaic 
solar panels or a propane-fueled generator. (Generac makes a 16 kW whole-home 
residential unit that costs around $6,000 including installation). Note that coupling 
storage with propane-fueled generation allows the generator to use less fuel for a given 
load-profile and duration, and use a smaller propane tank or have it last longer. 

                                                 
4 CPUC, Order Instituting Rulemaking Regarding Microgrids Pursuant to Senate Bill 1339 and Resiliency 

Strategies, Rulemaking 19-09-009, Track 1 Proposal Of Pacific Gas And Electric Company (U 39 E) 

Addressing Immediate Resiliency Strategies For Outages, Attachment 1, Microgrid-Related Resiliency 

Activities that PG&E is Proposing or Planning in 2020 and Beyond, Jan 21, 2020 

http://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M324/K944/324944715.PDF  

http://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M324/K944/324944715.PDF
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My mountain home in Arnold is in a dense forest. Many residences (like mine) and small 
businesses have roof-tops that are heavily shaded as are most of the rest of their 
property. Using PV for long-duration storage normally has one big advantage over a 
propane-fueled generator – the cost of fuel is zero (and propane is expensive). However 
if PV is not really viable due to shading (or perhaps minimally viable), using the grid for 
power for 95% of the year (when PSPS or other outages are not in progress) plus 
propane generation when it is needed may have better overall economics. This 
somewhat depends on the tariff. A typical set of tariffs (as applied to the target 
consumers) might have three alternatives: 

 High level of service: the microgrid assures that the consumer’s facility is backed 
up during any interruption where it is able to do this. 

 Medium level of service: the microgrid limits interruptions to a maximum duration 
and/or a maximum power where it is able to do this. 

 Minimum level of service: when grid power is lost the consumer’s facility is 
disconnected, and only restored when grid-power is restored. 

4. Scale, Stage & Benefit Evolution 
There are basically four scales of microgrids that are being considered. The residential-
scale was covered at the end of the prior subsection. The following subsections define 
three larger scales. Note that very large businesses, campuses, large business parks, 
etc. (the largest scale) are beyond the scope of this paper, and thus are not covered.  

Also, the initial stage for most of the microgrid designs considered below is backup 
generation as described in Section 2. 

4.1. Medium-Sized Business 
The primary benefits for medium-sized businesses are power resiliency and economics. 
Note that if a utility implements a community, shopping center or neighborhood 
microgrid, they will only use it during PSPS events, vs. also using it for economic benefit 
(displacing normal grid electric energy). There is generally a pretty reasonable economic 
payback for implementing a private microgrid using PV vs. paying PG&E electric energy-
rates most of the time. 

Typically a medium-sized business will have a large parking lot for customers, 
employees and possibly business-owned vehicles. Also they will typically have large roof 
areas that are often unshaded. This leads to a high probability that roof-top and parking-
lot-cover photovoltaic (PV) solar will be the least expensive energy for a large majority of 
the time. This also dictates that a battery energy storage system (BESS) be used to ride-
through night loads and very cloudy periods. 

In mountainous regions snow on solar panels can be an issue. Where my home is in 
Arnold, we are at 4,000 ft. on the western slope of the Sierra Nevada Mountains. Even 
though we are not far above the normal snow line, which is around 3,000 feet, a major 
winter storm on the western slope can dump 3 to 4 ft. of snow at my house. Even though 
there are currently a maximum of three or four of these events per year, it can take 
several days or longer for the snow from a storm to melt from my roof. At elevations 
above 5,000 ft. the snow can accumulate for long periods. So how do you use PV? 
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There are several potential solutions depending on the severity of the problem. Note that 
fixed solar panels (as would normally be used for this application) are tilted to face south 
for maximum output, and this also hastens the melting of snow. Also the dark solar 
panels attract heat and help in melting the snow. Solar panels are designed to attract the 
sun’s rays and trap them. Generally speaking, solar panels are 36°F warmer than the 
ambient temperature. So even a glimmer of sunlight can cause the solar panels to start 
warming up and hence hasten the melting of snow around them. I would guess that this 
will not be a serious problem for Arnold. Also note that PSPS events only occur during 
the wildfire season which ends with the first significant precipitation in late fall to early 
winter.  

For higher elevations (and winter-storm related outages), there are several potential 
solutions depending on the severity of the problem. 

 Design the support structure and slightly increase the tilt so that snow easily 
slides off of the panels as they warm. Also note that frameless panels shed snow 
more easily (image below) 

 
At the DOE Regional Test Center in Williston, Vermont, researchers are examining how 
framed (in the background) and frameless (in the foreground) solar photovoltaic 
modules handle snowy conditions. Photo Courtesy: Sandia National Laboratories 

 Hire a professional snow-removal firm to remove the snow using a roof rake with 
a rubber head (to avoid damaging the panels). 

 As the snow on panels thickens use back-up (propane-fueled) generation to 
supplement it. 

Since these businesses started the process with a propane-powered generator, a 
microgrid using this, PV and a BESS should be very secure. 

4.2. Shopping Center or Residential Neighborhood 
See the comment at the beginning of the subsection 4.1 regarding utility-implemented 
microgrids.  

Each of the title facilities consists of multiple consumers. Shopping centers (the ones in 
Arnold are mostly strip malls) might consist of 2 to 25 businesses, most of these being 
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small, but a few are pretty large (in Arnold: a medium-sized supermarket, a medium-
sized hardware store, and a medium-sized sporting goods store).  

The neighborhoods might each consist of a few hundred homes. 

As an alternative to becoming part of a larger community microgrid, each of these 
collection of consumers might choose to build their own microgrid. Also it might be viable 
to combine a shopping center and a nearby neighborhood into a microgrid approaching 
the size of the next category.  

Shopping Center Microgrid: See the comments in the prior subsection regarding 
medium-sized businesses. 

Neighborhood Microgrid: There is one issue with neighborhood microgrid. Although 
many neighborhoods have homeowners associations (mine does) they rarely have the 
organization required to host a microgrid (I expect that mine would not be able to host a 
microgrid). There are many barriers to implementing a new utility organization, so I 
would expect that a utility-implemented microgrid would be best for a neighborhood, and 
this might well be a community microgrid. 

4.3. Community Microgrid 
See the comment at the beginning of the subsection 4.1 regarding utility-implemented 
microgrids. 

A community microgrid could be totally implemented by a utility, or it could be 
cooperatively implemented with various-sized consumers in the community. For 
instance, after the first phase (trailer-mounted generator), the next phase might involve 
renewables, most likely PV. These could be spread over the potential sites described in 
the prior subsection, and the utility could purchase the power from these installation 
during a PSPS or other outage. During other times the consumer that owns each PV 
installation could use net energy metering.  

The idea behind net energy metering is that any energy that is used by the consumer is 
offset by energy that is provided by the consumer’s facility to the grid. With PG&E these 
tariffs are extremely complex, but if you would like to look at these, go to the PG&E tariff 
page (link in reference 3), open the Electric Rate Schedules tab, and any net energy 
metering tariffs start with the abbreviation “NEM”. 

A community microgrid could also be implemented by a particular community. This is a 
very complex process, and the first step might be to hire a consultant with experience in 
implementing community (or at least similar-sized) microgrids and experience with the 
utility and regulatory system (read: state), have this firm prepare a conceptual design, 
definition of scope, a budgetary proposal, and help you decide whether your community 
really is able to deal with this process. Also, I know in California it is very difficult for a 
community to form their own utility (other than just a community choice aggregator) if 
that community is already served by an existing utility. That doesn’t mean that a 
community can’t implement a microgrid, and still purchase power from a utility, but this is 
probably best performed in a partnership with, and the approval of the utility. In some of 
the large facility self-generation and microgrid projects I have worked on (especially in 
California), we worked closely with the local utility, and this made the implementation 
much less challenging. 
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5. Sustainability 
By sustainability, I am mainly referring to the ability of a microgrid to evolve to minimize 
the amount of greenhouse gases (GHG) that the microgrid emits in operation. I’ve 
discussed this briefly in earlier sections, but there is one method to this end that I need 
to pitch.  

A microgrid that that uses PV for most of its energy and biopropane for back-up 
generation will probably emit the minimum of GHG that are reasonable achievable. 

Ultimately though, at least in California, using as much utility power as is possible might 
ultimately be the best path to sustainability. Currently California gets over 50% of its 
power from very low GHG generation (some say “zero-GHG” but I disagree5). 

With the passage of SB-100 in 2018, California set a goal of 100% zero carbon (per the 
bill) electric energy by the end of 2045. This bill is referenced here.6 

                                                 
5 In order to achieve zero GHG, one must look at complete life-cycle GHG emissions, including the GHG 

produced in manufacturing the generator (including all of its components), transportation (to the 

generator’s site and component transportation to manufacturers), construction, decommission and disposal. 
6 California Legislative Information, “SB-100 California Renewables Portfolio Standard Program: 

emissions of greenhouse gases.(2017-2018)”, 

https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180SB100  

https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180SB100

