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1.1 Executive Summary
The Town of Moraga Facility Energy Generation Study has been conducted to analyze the power
needs for four Town of Moraga properties, proposing various alternatives for independent and
emergency backup power generation for each site. The Clean Coalition conducted this study by
obtaining and analyzing the energy usage at each of the four Town properties, forecasting the
expected future energy usage, determining which critical loads would be required to be served by
onsite energy generation during gid outages in order to keep critical and essential services active
during those outages, and modeling various resource options to provide the energy resilience
required at each site during grid outages, considering both renewable energy and fossil fuel
resources.
This analysis provides recommendations for the Town of Moraga to preserve critical and essential
services during grid outages by utilizing onsite power generation at key facilities, and based on
considering the Town of Moraga’s program and project goals for climate change, current and future
energy provider mix of resources, resilience, sustainability, grant funding and rebates, financing,
affordability, and duration for planning, design, and construction.
The specific recommendations in this analysis enable the Town of Moraga to proceed with
onsite energy generation at the four targeted community facilities that will provide these two
substantial benefits:
1. Keeping critical and essential services such as town operations, healthcare, police,
comfort, food, Internet access, etc. active during grid outages, which are becoming
more frequent and intense – AND
2. Improving the Town’s budget by saving substantial costs on the Town’s utility bills,
resulting in a projected net savings of $1.8 million.
The four properties analyzed for this study are:
1)
2)
3)
4)

Town Hall & Police Offices: 329 Rheem Boulevard
Council Chamber & Corp. Yard: 335 Rheem Boulevard
Library: 1500 St. Mary’s Road
Hacienda de las Flores Park: 2100 Donald Drive

The Clean Coalition conducted this study by utilizing its proven methodology for analyzing energy
resource and resilience solutions on behalf of communities, featuring the following four steps:
Step 1: Load & Resilience Profiles: analyze existing electricity loads over a relevant 12
month period; include expected additional loads due to increases from EV charging,
electrification of appliances, and planned building upgrades or new construction; determine
the Total Critical Load Required (TCLR) to be served during grid outages;
Step 2: Resource Scenarios: analyze multiple onsite energy resource options that are viable
for each site and that will satisfy the Total Critical Load Required (TCLR);
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Step 3: Economic Analysis: analyze the total costs and economic benefits of each of the
viable Resource Scenarios at each site; and,
Step 4: Reporting & Recommendations: Present the results and recommendations via
project review meetings, presentations, and reports.
These four steps are diagramed below:

Step 1 – Load & Resilience Profiles:
Based on discussions with the Town of Moraga staff, it was determined that specific Resilience
Scenarios would be used to calculate the Total Critical Load Required (TCLR) for each site. These
Resilience Scenarios require that the proposed energy resources can provide uninterrupted backup
power to the critical loads for five consecutive days, enabling each site to withstand any expected or
unexpected grid outage with energy provided to all critical loads during an outage.
The staff determined that it was most accurate to use 2019 electricity load data for calculating the
loads for each site, given that 2020 and 2021 were impacted by COVID and the sites used a lower
than accurate amount of energy during those years. Using the 2019 load data as the baseline, the
Master Load Profile was then prepared in order to calculate the Total Critical Load Required
(TCLR)s. The Master Load Profile is the anticipated annual load profile using the baseline load plus
adjustments for anticipated EV Charging Infrastructure (EVCI), electrification, energy efficiency,
and new facilities. The TCLR calculations are also based on the most conservative numbers to
ensure that the resource scenarios will provide electricity for the 5-day TCLR under the most
conservative timeframes using the expected highest electricity use combined with the lowest solar
generation.
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The TCLR calculations for each site are summarized in the table below:

Sites

Resilience Scenarios: Total Critical Load Required (TCLR)

Town Hall & Police Highest Electrical Load for Five Consecutive Days using Master Load
Offices Profile
Highest Electrical Load day and repeated for five days using Master

Council Chambers &
Load Profile: Baseline + two L2 EV charging ports + two Level 3 (L3)
Corp. Yard charging ports managed at the rate of one L3 port.

Highest Electrical Load Day repeated for 5 days using Baseline Load

Library Profile.

Highest Electrical loads for 5 consecutive days using Baseline Load

Hacienda Park Profile combining the Hacienda main building and the Pavilion

Note that EV charging will be included in the TCLR for Town Hall & Police Station and considered
for the Corporation Yard & Council Chambers, but not for the Library or Hacienda sites.
Nonetheless, EV charging can be available for all sites when solar generation is abundant. Also,
where available, peak load testing details previously conducted by Moraga were used to help
evaluate the TCLRs.
Background on Electric Vehicles and EV Chargers
In terms of planning for the growth in electric vehicles and EV chargers, under California Executive
Order, 35 percent of new cars and light trucks sold must be zero-emissions starting in 2026, 68
percent in 2030, and 100 percent in 2035. The California Air Resources Board (CARB) is
developing a medium and heavy-duty zero-emission fleet regulation with the goal of achieving a
zero-emission truck and bus California fleet by 2045. The following graphic outlines the differences
in EV charger levels:

Step 2 – Resource Scenarios:
Based on the required Resilience Scenarios, various Resource Scenarios were analyzed to assess
specific options and sizes of energy resources to be located at each site. The Clean Coalition
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conducted in-person visits to each site with the Town of Moraga staff in order to determine the
existing electrical configuration and the viable opportunity and locations for new energy resources
including solar generation, energy storage, and diesel generators.
After review and input from the Town of Moraga staff, the visits to each site resulted in detailed site
layouts showing the proposed locations and sizing for viable energy resources including solar
panels and/or solar carports, proposed locations for added EV charging, and locations of existing
generators and potential new generators – these site layouts are provided in a following section of
this study. The solar potential for each site was designed to accept realistic sizing for solar panels
while achieving a key goal of delivering a Net Zero Energy (NZE) outcome for each site where
applicable, with the solar generation equaling the amount of electricity used at each site on an
annual basis, thus resulting in significant electricity bill cost savings.
Based on the analysis, the following table lists the Resource Scenarios deemed feasible to proceed
to the detailed study:

Resource Scenarios

Feasible for Study?

Solar + storage Yes, feasible for detailed study.
Solar + battery storage + small Yes, feasible for detailed study.
diesel generator
Solar + diesel generator Yes, feasible for detailed study.
Diesel only Yes, feasible for detailed study.
The following table lists the other energy resource options that were analyzed and deemed not
feasible, per the reasons stated:

Based on the detailed analysis, the following table lists the sizing of the recommended Resource
Scenario – solar + battery storage + small diesel backup generator – for each of the four sites:
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Step 3 – Economic Analysis:
Based on the resulting Resource Scenarios, the Economic Analysis was conducted to determine the
total cost and cost benefits for each viable Resource Scenario. Note that since each Resource
Scenario satisfies the TCLR for each site during an outage, the comparison of the scenarios can
focus largely on the economic results.
The economic analysis for each site demonstrates that utilizing solar + diesel or solar + battery
storage + backup diesel provides the Town of Moraga with significant cost savings for each site,
resulting in a 25-year cumulative net savings over the life of each of these scenarios.
Based on the Economic Analysis, the following table provides the results of the recommended
solution for the Town: solar + battery storage + small diesel backup generator. As stated, this
scenario would provide the full resilience needed for the Town’s critical and essential services,
while ALSO providing the town with a projected net savings of $1.8 Million over 25 years.

As summarized in the table above, the Economic Analysis evaluates financing each scenario via the
following two options:
1. Option A: “Cash” option – paying the Capital Expenditure (Capex) and Operating
Expenditure (Opex) costs for each system
2. Option B: Power Purchase Agreement (PPA). PPAs are an established, industry-standard
financial solution requiring no upfront cash nor operating or maintenance expenditures.
With a PPA, site owners pay using an energy services contract – similar to paying for
electricity from a utility – but based on the amount of solar energy (kWh) the system
delivers, whether via solar in real-time or time-shifted via a battery.
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The following economic assumptions apply to all scenarios:
•
•
•
•
•
•

•

Electricity Bill Cost Escalation: 3% - very conservative as it could reach 10% or more due
to additional infrastructure costs planned by utilities.
Battery replacement occurs at Year 16 and is included in the economic results.
The state subsidy for batteries, known as SGIP, is included in the scenarios with storage.
The diesel generator costs are based on industrial-quality models which are appropriate for
providing municipal backup power function. The operations and maintenance costs are
based on market-based annually required costs for diesel generators.
The most conservative estimates are used for solar generation during outages
All sites have been modeled using rates (see table below) to achieve the best economic
savings. PG&E rate B-10S is used due to adding EV charging stations. For solar + diesel
scenarios either B-19S Option R or B-10S is used, whichever yielded greater economic
savings. For solar + storage + diesel scenarios B-19S Option S is used for greater economic
savings. All use the MCE Light Green energy generation service.
The following table provides the rate schedule used for each site under the Master Load
Profile – the calculated future load profile used to define the TCLR for each site. All of
these rate schedule details are from PG&E-derived tariffs and assume MCE’s Light Green
option.

Included in the PPA cost:
•
•
•
•
•

No PPA rate escalation
All solar canopies and structures needed for parking areas
EV chargers
Required upgrades in electrical equipment
All ongoing operations and maintenance costs

Not included in the PPA cost:
•

Additional required site preparation such as re-grading, full ADA compliance

The following assumptions apply ONLY to a cash purchase option:
•

Discount rate: 5%
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•
•
•

Federal Income Tax Rate: 30%
State Income Tax Rate: 8%
O&M Escalation Rate: 2%

Step 4 – Reporting & Recommendations:
Key Findings:
1. Based on the detailed economic analysis, the following are not preferred:
• Solar + storage: high capital cost at over $8M
• Diesel only: high operating cost, no savings, least environmentally friendly
2. By contrast, solar + diesel and solar + storage + diesel would each save Moraga over $1.8
million over 25-years
3. Under Finance Option A, Cash / Design-Build, the two recommended scenarios would cost:
• $2,600,891 for the solar + diesel
• $3,662,563 for the solar + storage + diesel
4. Under Finance Option B, the PPA, the two recommended scenarios would require no
upfront cost and includes all maintenance and operations costs.
5. In addition, the solar + storage + diesel option provides ongoing, indefinite support for a
percentage of loads during outages, while also providing additional Value-of-Resilience
(VOR) of over $250,000, thus bringing the total savings to Moraga for this Resource
Scenario at over $2.1 million.
The following chart and table displays the aggregate economic values for the solar + storage (Solar
Microgrid) + diesel Resource Scenario using the PPA finance option. The table lists the economic
results for each site with Year 1 savings, Year 25 savings, and the additional VOR due to energy
storage eliminating the additional diesel tanks and fuel that otherwise would be required in order to
support the same amount of critical loads.
Note that there is additional value that can be achieved by energy storage providing services to the
grid, such as reducing peak loads. This is a potential future value stream, not quantified in this
study. EV charging can also provide a revenue stream for the Town of Moraga, and the town’s EV
vehicles can save money versus paying for gasoline.

Town of Moraga Facility Energy Generation Study |
April 2022

Page 9 of 34

The following chart and table displays the aggregate economic values for the solar + diesel
Resource Scenario using the PPA finance option.
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The following table compares the two financially-beneficial Resource Scenarios: solar + storage
(Solar Microgrid) + diesel, and solar + diesel:
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The above demonstrates that these two Resource Scenario options – solar + storage (Solar
Microgrid) + diesel, and solar + diesel – each provide the Town of Moraga with basically an
equivalent net value of over $1.8 million savings across the four sites using the PPA finance option.
However, by selecting the solar + storage (Solar Microgrid) + diesel option, the Town of Moraga
benefits from the additional Value of Resilience (VOR) due to the combination of solar and energy
storage providing recurring local power to critical loads.
Recommendations and Next Steps:
These recommendations and next steps are intended to achieve the most favorable outcomes for the
Town of Moraga with respect to economics, resilience, and timing. The specific recommendation is
that the Town of Moraga should seek detailed proposals providing the optimal solution based on
this study’s analysis and results.
The Town of Moraga should consider including the preparation of a Request for Proposals (RFP),
which includes related administration, construction management and inspection activities, in the
2022-23 Fiscal Year Capital Improvement Plan. This RFP process would seek detailed proposals
providing the optimal energy resilience and economic results for the Town of Moraga sites based on
the Clean Coalition's analysis and report. Additionally, the RFP process includes complex contract
development and negotiation processes, and construction quality assurance processes, to verify
contract conformance. Due to the complexities of the contracts and type of work, it is a standard in
the industry for municipalities to retain highly qualified experts to conduct these next steps.
Note that this is NOT the standard design, bid, and build process. Seeking proposals for energy
solutions requires a specially-skilled, highly-qualified consultant working alongside Moraga staff.
The PPA option is an energy services contract covering 25 years and thus the contracts and ongoing
operations are negotiated as such, requiring specific external expertise. An external consultant
would produce a comprehensive and detailed set of specifications – the Request for Proposal (RFP)
documents – then administer the RFP process, review and score the proposal responses ensuring
they comply with the requirements (not lowest bid), prepare the contract, facilitate contract
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negotiations, and manage the construction process to ensure adherence to performance requirements
in the RFP and associated contract agreements. The RFP will also specify all ongoing maintenance
and support for the project required by the Town of Moraga to sustain each site’s roof and property
quality. The Town of Moraga should prepare to enlist a highly qualified specialty consultant such as
the Clean Coalition for expert guidance and support through the anticipated RFP, design,
construction, commissioning, and monitoring & verification (M&V) stages to ensure adherence to
contract requirements.

1.2 Terms
The following terms may be used throughout the study and are defined as follows:
•

Microgrid: a combination of energy resources that includes energy generation (such as
solar) and energy storage, coordinated together to serve specified loads for a location or
locations, and including the capability to “island” and function independently of the grid.

•

Solar Microgrid: a Microgrid that solely relies on solar for energy when islanded from the
grid.

•

Hybrid Solar Microgrid: a Solar Microgrid that includes additional sources of energy
generation (such as fuel cell or fossil fuel generator) in addition to solar.

•

Community Microgrid: a Microgrid that covers a targeted geographical area such as a
neighborhood and/or commercial area, and that relies on existing grid infrastructure to
operate when islanded from the larger grid.

•

Baseline load profile: The historical annual usage of electrical loads per site that forms the
basis for creating the master load profile.

•

Master load profile: The forecasted annual load profile used for this study’s analysis,
created from the baseline load profile plus adjustments for anticipated EV Charging
Infrastructure (EVCI), electrification, energy efficiency, and new facilities.

•

Critical loads: Electrical loads that are necessary to be provided with 100% energy
resilience during grid outages

•

Critical load profile: Annual load profile of the critical loads.

•

Total Critical Load Required (TCLR): Total amount of energy required to serve the
critical loads over the specified time period, e.g. 5 consecutive days.

1.3 Site Layouts
The following site layouts show results of the site visits and the Resilience Scenarios and Resource
Scenarios analysis:
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Town Hall & Police Offices
Address: 329 Rheem Boulevard

Total annual load:
•
Baseline load profile: 116,338 kWh
•
Master load profile: 260,640 kWh
Solar sizing by recommended location:
•
R-1 (Rooftop): 39.2 kWdc
•
C-1 (Carport): 56.7 kWdc
•
C-2: 66.2 kWdc
•
C-3 (Carport): 10.9 kWdc
•
TOTAL: 173 kWdc
Solar to NZE:
•
Baseline load profile: 76 kWdc
•
Master load profile: 173 kWdc
Critical loads
•
Police station, Town offices, and Emergency Operations Services for Town functions.
•
100% of load is critical.
Electric Vehicle Charging
•
EV-1: Two existing L2 SemiConnect ports for employee and public use
•
EV-2 Two new L2 ports for police use.
•
Estimated annual load of four L2 charging ports – 144,302 kWh
Notes
•
•
•

ADA requires some ratio of shading and EVCI coverage.
Solar carports would require tree removal or trimming.
Existing generators should be replaced; insufficient for critical load requirement, requires
manual connections – not automatic, must manually shut down circuits
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Council Chamber & Corp. Yard
335 Rheem Boulevard

Total annual load:
•
Baseline load profile: 14,521 kWh
•
Baseline load profile+L2: 82,032 kWh
•
Master load profile: 191,532 kWh
Solar sizing by recommended location:
•
R-1 (Rooftop): 6 kWdc
•
C-1 (Carport): 23 kWdc
•
C-2 (Carport): 32 kWdc
•
TOTAL: 61 kWdc
Solar to NZE:
•
Baseline load profile: 10 kWdc
•
Baseline+L2 load profile: 61kWdc
•
Master load profile: 113 kWdc
Critical loads:
•
Town council chambers, repair facilities, and Emergency Operation Center
•
100% of baseline load is critical as is some EV charging in specific scenarios
Electric vehicle charging:
•
EV-1: Two new L2 ports for employee & municipal fleet only
•
EV-2: Two new L3 ports for employee & municipal fleet only
•
Estimated annual load of two new L2 ports: 67,510 kWh
•
Estimated annual load of two new L3 ports managed as one port: 109,500 kWh
Notes
•
Solar carports might require tree trimming.
•

Existing generator insufficient; public meetings can not be televised currently
during outages; circuits must be manually turned off
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Library
1500 St. Mary’s Road

Total annual load:
•
Baseline load profile: 107,619 kWh
•
Master load profile: 175,470 kWh
Total solar siting potential
•
176 kWdc
Solar sizing by recommended location:
•
C-1 (Carport): 46.2 kWdc
•
C-2 (Carport): 39.9 kWdc
•
C-3 (Carport): 27.3 kWdc
•
TOTAL: 113.4 kWdc
Solar to NZE:
•
Baseline load profile: 69 kWdc
•
Master load profile: 113.4 kWdc
Critical loads:
•

Can operate during outages for Town with internet, lighting,
cooling/heating, plug loads
100% of load is critical

•
Electric vehicle charging:
•
EV-1: Two new level-2 EV charging ports for employees & public
•
EV-2: Two new level-2 EV charging ports for employees & public
•
Estimated annual load of four new Level-2 charging ports: 67,851 kWh
Notes:
•
ADA requires some ratio of shading and EVCI coverage.
•
Solar carports would require tree removal or trimming.
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Hacienda & Pavilion
2100 Donald Dr.

Total annual load:
•
Baseline load profile: 37.295 kWh
•
Master load profile: 68,065 kWh
Solar sizing by recommended location:
•
C-1 (Carport): 25 kWdc
•
C-2 (Carport): 28 kWdc
•
TOTAL: 53 kWdc
Solar to meet NZE:
•
Hacienda & Pavilion baseline load profile: 27kWdc
•
Hacienda & Pavilion master load profile: 53kWdc
Critical loads
•
Critical load only to cover weddings, walk-in refrigerator/freezer, server, and pavilion baseline loads.
Electric vehicle charging:
•
EV-1 or EV-2: Two new L2 EV charging ports for employees & public
•
Estimated annual load of two new L2 charging ports – 33,926 kWh
Notes
•
Possible master metering opportunity to tie Pavilion into the Hacienda meter.
•
ADA requires some ratio of shading and EVCI coverage.
•
Solar carports would require tree removal or trimming.
•
Lamp post in north parking lot could provide possible conduit for C-2 parking canopy
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Visual examples:

1.4 Total Critical Load Required (TCLR)
The table below provides the Total Critical Load Required (TCLR) amounts calculated for each
site, based on the criteria provided above and repeated here:
•
•

•
•

Town Hall Offices & Police Station: electrical loads from the highest five consecutive
days using the Master Load Profile
Corporation Yard & Council Chambers: electrical loads from the highest day and repeat
for 5 days using three options: Baseline Load Profile, Baseline + two L2 EV charging ports,
Master Load Profile (Baseline + two L2 EV charging ports + two L3 charging ports
managed as one
Library: electrical loads from the highest day and repeat for 5 days using the Baseline Load
Profile.
Hacienda: electrical loads from the highest 5 consecutive days using the Baseline Load
Profile combining the Hacienda main building and the Pavilion
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For the Resource Scenario that would feature solar + storage (Solar Microgrid) + diesel generator –
the Hybrid Solar Microgrid – the following table provides the “net” TCLR amounts that would be
required to be supplied by the diesel generator after the solar + storage has provided energy to the
critical loads.

The assumptions used to calculate the above TCLRs are based on the most conservative numbers, to
ensure that the resource scenarios will provide electricity for the 5-day TCLR under the most
conservative timeframes using the expected highest electricity use days combined with the lowest
amount of solar generation. Specifically, per the table below, the TCLR was calculated using dates
that were determined as the highest electrical usage for the Town of Moraga sites, with each date
representing the most electrical usage in 2019 per site. And as mentioned above, it was determined
that the 2019 electricity load data was the most accurate to use given the lower electricity use that
occurred in 2020 and 2021 due to COVID-19.
TCLR Dates
Site
Town Hall Offices and Police Station
Corp Yard and Council Chamber
Corp Yard and Council Chamber
Corp Yard and Council Chamber
Library
Hacienda Main Building
Hacienda Pavilion
Hacienda Main Building + Pavilion

Profile

Highest Load Day Ranges

Master Load Profile
Baseline Load Profile
Baseline+L2 Load Profile
Master Load Profile
Baseline Load Profile
Baseline Load Profile
Baseline Load Profile
Baseline Load Profile

8/12/2019 - 8/16/2019
6/11/2019
8/16/2019
8/16/2019
6/11/2019
12/14/2019 - 12/18/2019
10/19/2019 - 10/23/2019
12/14/2019 - 12/18/2019

For the TCLRs, the solar generation amounts are calculated using the most conservative solar
generation dates, per the following table.

Lowest PV Generation Days Based on System Size
Site
Town Hall Offices and Police Station
Corp Yard and Council Chamber
Library
Hacienda Main Building + Pavilion
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Modeled System Size
kW
172.9
61.3
113.4
53.2

Lowest PV Generation Days
12/10/2019 - 12/14/2019
12/10/2019 - 12/14/2019
12/10/2019 - 12/14/2019
12/11/2019 - 12/15/2019
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1.5 Analysis Results – Economic Analysis, Resource Scenarios
The following tables provide the Resource Scenarios sizing and Economic Analysis for each site
based on the Resilience Scenarios – the TCLR requirements – required for each site. The solar size
for each site is consistent across the scenarios, per the practical solar sizing in the site layouts and
achieving NZE on an annual basis for three of the four sites, resulting in significant electricity bill
cost savings.
The Indefinite Resilience columns provide the percentage of loads that can be satisfied indefinitely
by those specific resource scenarios. In this case, the Resource Scenarios that feature Battery
Energy Storage Systems – the BESS columns in the tables – enable the solar to be stored onsite in
the battery, thus providing a percentage of loads with ongoing indefinite energy based on the annual
solar generation profile of the area. Note that the solar + storage (Solar Microgrid) only scenario
that does not include a backup diesel generator would require the energy storage system to cover all
critical loads during outages, resulting in an extremely large storage system deemed to be much too
expensive and thus not practical, indicated by the cells colored in red for that scenario in the tables.
Also note that the solar + diesel scenario cannot provide indefinite energy during outages due to the
fact that when the grid goes down, the solar connected to that section of the grid (that is not
combined with onsite storage) has to be shut off during all grid outages, per PG&E safety rules.
The Economic Analysis compares paying for each scenario via a “cash” option – paying the capital
expenditure (Capex) and operating expenditure (Opex) costs for each system – with a Power
Purchase Agreement (PPA), an established, industry-standard financial option enabling site owners
to pay for solar systems based only on the amount of solar energy (kWh) the system delivers,
whether via solar in real-time or time-shifted via a battery, and with no upfront cash nor ongoing
maintenance expenditures. With a PPA:
•

A third-party solar and storage developer installs, owns, and operates the system.

•

For the site owner, there are no up-front construction or asset costs, the pricing is
guaranteed, and all risk and responsibility is shifted to the operator.

•

The site owner purchases the solar energy generated by the system via a fixed PPA rate for
the contract term, e.g., 25 years. The PPA rate includes all maintenance, operations, and
replacement of parts as needed for the life of the contract.

•

Since the PPA price is based on the energy output of the system, the owner/operator is
highly motivated to maintain the system at a high-performance level, and with a full
warranty and performance guarantee – typically 90% or greater – for the life of the contract.

•

For systems that include energy storage, the fixed PPA rate includes all installation,
maintenance costs, and performance guarantees of the energy storage system.

•

At the end of the PPA contract, the site owner has an opportunity to buy out the operator,
negotiate an extended PPA contract, or require the owner to remove the system.

•

A 25-year contract is standard; solar systems are now lasting up to 40 years.

•

The site owner must allow access to the system for maintenance by the operator as required,
and must cover associated admin costs, e.g., for inspections, contract preparation, etc.

The following diagram displays the onsite energy flow using a PPA:
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Note that the economic scenarios analyzed in this study include the total cost for installing and
operating the energy system for each site; however, they do not include any specific costs for the
Town of Moraga to prepare contracts or administer the project – those costs would be considered
during the Request for Proposal (RFP) process that would occur after the Town of Moraga decides
to proceed.
The following economic assumptions apply to ALL scenarios:
•

•
•
•
•
•

All sites have been modeled using rates to achieve the best economic savings. PG&E rate
B-10S is used due to adding EV charging stations. For solar + diesel scenarios either B-19S
Option R or B-10S is used, whichever yielded greater economic savings. For solar + storage
+ diesel scenarios B-19S Option S is used for greater economic savings. All use the MCE
Light Green energy generation service.
Electricity Bill Cost Escalation: 3% - very conservative as it could reach 10% or more due
to additional infrastructure costs planned by utilities.
Battery replacement occurs at Year 16 and is included in the economic results.
Battery Storage state subsidy (SGIP) is included in the scenarios with storage.
The diesel generator costs (see table below) are based on industrial-quality models which are
appropriate for providing municipal backup power function. The operations and
maintenance costs are based on market-based annually required costs for diesel generators.
The most conservative estimates for solar generation during outages

Following are the utility rate schedule details:
•
•

B-1: a small general service tariff in which customers who have a maximum demand of 75
kW or greater for three consecutive months, in the most recent twelve months are not
eligible for service under this rate schedule.
Customers that are otherwise eligible to take service on Schedule B-1 but are purchasing
power to serve electric vehicle charging equipment, are not eligible to take service on this
rate schedule.
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•
•

•
•

B-10: a medium general demand metered service in which customers who have a maximum
demand of 499 kW or greater for three consecutive months, will be transferred to Schedule
B-19 or B-20.
B-19 Option R: This schedule is available on a voluntary basis for customers with
maximum billing demands less than 500kW. The Option R rate is available to qualifying
customers taking Bundled, Direct Access (DA) or Community Choice Aggregation (CCA)
service under Schedule B-19, or voluntary B-19. Eligible customers must have PV systems
that provide 15% or more of their annual electricity usage.
B-19 Option S: This schedule is available on a voluntary basis for customers with
maximum billing demands less than 500kW.
The Option S rate for storage is available to qualifying customers taking Bundled, DA or
CCA service under Schedule B-19 or voluntary B-19. Eligible customers must have storage
systems with rated capacity in watts which is at least 10% of the customer’s peak demand
over the previous 12 months. Option S is available subject to an enrollment cap.

Economic Analysis Results
The following tables show the Economic Analysis results for each of the four targeted sites. Each
table lists the proposed Resilience Scenarios and analyzed Resource Scenarios, then shows the total
electric bill savings per scenario. The table then lists the Finance Option A, Cash (Capex, annual
Opex, and total cost over 25 years), then Finance Option B, the PPA via the PPA rate and that
requires no upfront cash nor operating costs. Each table then shows the 25 Year Cumulative
Savings per scenario comparing the Cash option and the PPA option. The recommended scenario is
row #3 in each table: solar + battery storage + diesel backup.
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Resource Scenario Sizing
The following tables show the sizing of the analyzed Resource Scenarios for each site.
Town Hall and Police Offices:
As stated above, the Town Hall and Police Offices resilience scenario uses the Master Load Profile,
which includes all loads plus EV charging. This means that during an outage, all loads plus EV
charging are covered by the resource scenario listed.

Council Chamber & Corp. Yard:
The Council Chamber & Corp Yard resilience scenario uses the Master Load Profile that includes
Baseline + two L2 EV charging ports + two L3 charging ports that are managed to provide charging
simultaneously but at the rate of one L3 port. This means that during an outage, all loads plus the
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two L2 charging ports are covered by the Baseline + L2 scenario, and all loads including both the
two L2 charging ports and the two managed L3 charging ports are covered by the Baseline + L2 +
L3 (Master) scenario.

Library:
As stated above, the Library resilience scenario assumes the Baseline Load Profile, which includes
all loads but does not include EV charging. This means that during an outage, all loads except for
EV charging are covered by the resource scenario as listed.

Hacienda Main Building and Pavilion:
As stated above, the Hacienda site resilience scenario assumes the Baseline Load Profile, which
includes all loads but does not include EV charging. This means that during an outage, all loads
except for EV charging are covered by the resource scenario as listed. The goal is to provide the
resilience solution for both the Hacienda main building and the Pavilion together.
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1.6 Existing Electrical Equipment & Generators
Following is a summary and key notes regarding the existing electrical equipment and generators at
each site, as well as potential space for new generators, based on the site visit conducted on January
31, 2022:
Town Hall Offices & Police Station:
• Incoming Service: 800 Amp, 120/208V, Three Phase
• Distribution: Main breaker at service panel with connected (4) 200-amp breakers for sub
panels A, B, C and EM. All subpanels 200 amp. Police operate off of their own 200-amp
subpanel “EM”. Panel EM has small ATS with permanent propane generator. There is a
double breaker system with locking key for portable generator connection to the main
service panel.
• Room to Add Generator and Fuel Tank? Yes, must replace existing generators and go in at
the same location as existing.
• Natural Gas Service: Yes
• Notes:
o Extensive electrical room not much space for new equipment.
o Donated Iraq War portable generator permanently parked at building must be
manually connected to service for backup power to main service panel -- not legal.
Concerned about code distance in front of main service panel.
o Police Generator is 15 kW 120/240 1-Phase propane powered. Comes on
automatically with ATS switchover when outage is detected.
o Portable generator is 23 kW, 208 3-Phase diesel powered. Must be manually
connected to power office services in building.
Corporation Yard & Council Chambers:
• Incoming Service: 200 Amp, 120/240V, Single Phase
• Distribution: Main breaker at service panel with sub breakers for sub panels. All subpanels
100 amp. Must be small ATS for permanent propane generator.
• Room to Add Generator and Fuel Tank? Yes, must replace existing generators and go in at
the same location as existing.
• Natural Gas Service: Yes
• Notes:
o Building is designated as emergency operation center.
o Existing generator is 240 V single phase 16 kW from Generac – staff says is too
small to carry building loads; city council meetings during outages suffer frequent
A/V equipment resets to due genset’s inability to maintain 60 Hz frequency.
o Propane tank is 250 gal.
Library:
• Incoming Service: 800 Amp, 120/208V, Three Phase
• Distribution: Main breaker at service panel. Multiple subpanels in building. MCC
connected to main panelboard. Very Large HVAC system with VFDs and multiple fans,
water chiller, AC units etc.
• Room to Add Generator and Fuel Tank? Yes, in landscaping areas
• Natural Gas Service: Yes
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•

Notes:
o Extensive Mechanical room, not much space for new equipment.
o Separate building (Friends of Moraga Used Book Store) attached not part of library
but gets electricity from Library main service.

Hacienda Main Building:
• Incoming Service: 400 Amp, 120/240V, Single Phase
• Distribution: Main breaker at service panel. 3 subpanels in building. 200 Amp rating on
each. Basement, second floor, and Kitchen.
• Room to Add Generator and Fuel Tank? Yes, in landscaping areas
• Natural Gas Service: Yes
• Notes: AC on second floor and PC server room on second floor. Commercial Refrigerator in
Kitchen.
Hacienda Pavilion:
• Incoming Service: 400 Amp, 120/240V, Single Phase
• Distribution: Main breaker at service panel. 200-amp sub panel.
• Room to Add Generator and Fuel Tank? Yes, in landscaping area if access to old barn is
cleared.
• Natural Gas Service: Yes
• Notes: Incoming service panel very old. Location likely does not meet code distance
requirements in front of panel.

1.7 Value of Resilience
In addition to the economic benefits provided above, each scenario offers a value of resilience
delivered to each site. The Clean Coalition developed a standardized Value-of-Resilience (VOR)
metric to calculate this important value. The Clean Coalition’s VOR123 methodology makes it
simple to quantify VOR by standardizing VOR for three tiers of loads — critical, priority, and
discretionary loads — across all facility types:
•
•

•

Tier 1: Mission-critical, life-sustaining loads that warrant 100% resilience —
usually about 10% of a facility’s total load.
Tier 2: Priority loads that should be maintained as long as doing so does not
threaten the ability to maintain Tier 1 loads — usually about 15% of the total
load.
Tier 3: Discretionary loads that should be maintained only when doing so does
not threaten Tier 1 and Tier 2 resilience — usually about 75% of the total load.

As an example, the following figure illustrates the level of resilience anticipated from a
solar+storage microgrid at a facility where the Tier 1 load is 10%, Tier 2 load is 15% and Tier 3
load is 75% and where enough solar can be included onsite to net-zero the site’s annual electricity
consumption. The average anticipated resilience, in terms of percentage of time online, is as
follows:
• Tier 1: 100%
• Tier 2: 80% (at least)
• Tier 3: 25% (at least)
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Percentage of time online for Tier 1, 2, and 3 loads for a Solar Microgrid designed for the
University of California Santa Barbara with enough solar to achieve net zero and enough
energy storage capacity to hold 2 hours of the nameplate solar (200 kWh energy storage per
100 kW solar).
Facilities within a grid area can be tiered in much the same way that the loads are tiered at a single
facility — with Tier 1 facilities being the most critical to a community. The top emphasis will be to
provision 100% resilience for Tier 1 loads at Tier 1 facilities, followed by the Tier 1 loads at other
facilities and Tier 2 loads at critical community facilities.
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VOR123 delivers the quantified additional value of energy resources that provide resilience for
sites, supporting any premiums required for those resources, and providing renewables-driven
backup power to critical loads indefinitely, to priority loads almost constantly, and to all loads a lot
of the time. The VOR123 methodology was referenced in July 2020 by California Public Utilities
Commission (CPUC) staff in a Concept Paper1 submitted as part of their microgrid proceeding,
which is tasked with implementing California’s SB 1339 microgrid legislation (see pp. 94 and 112
of the PDF).
Although the increasing frequency of disasters and Public Safety Power Shutoff (PSPS) events have
spurred people to qualitatively value energy resilience, the process of gaining quantitative
agreement on that value is still under discussion. For the Town of Moraga sites, this Value-ofResilience is calculated based on the additional cost of fuel and fuel tanks that would be required to
run diesel generators for the same percentage of loads that are satisfied by the Solar Microgrid over
an indefinite period. Note that the VOR economic analysis for the diesel generator scenarios
assumes that diesel fuel cannot be resupplied, which is often the case during extreme events that
cause grid outages – thus requiring the additional tanks and fuel stored onsite to provide this
indefinite resilience. For this value, the worst-case 30 consecutive days in the baseline year was
used to calculate the cost of the diesel generators with auxiliary fuel tanks providing “indefinite”
resilience to the percentage of loads equivalent to the Solar Microgrid indefinite resilience. This
additional VOR provided by the Solar Microgrid scenario is summarized below, including the
additional costs. These costs are based on the standard tank sizes to provide the amount of diesel
fuel that would be required for each site, along with the cost of installation, fuel, and maintenance.

1

CPUC Concept Paper: https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M344/K038/344038386.PDF
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Site

Load Profile

Town Hall +
Master
Police Station
Corp Yard
Baseline + L2 EV
Corp Yard Master (L2 + L3 EV)
Library
Master
Hacienda +
Master
Pavilion

30-day
Indef %
30-day
30-day 30-day full
TCLR
30-day
Add'l
Add'l
30-day
load
Genset
Mainten TCLR
Annual Load
TCLR load diesel
(indef %) TCLR (indef tank
tank
25 yr total
highest supported
rating
ance (indef
[kWh]
(indef %) fuel required
fuel
%) tank purchase install
VOR [$]
load [kWh] from solar +
[kW]
[$/yr] %) fuel
[kWh]
[gal]
required size [gal] price [$] cost [$]
storage
cost [$]
[gal]

VOR/kWh
for TCLR
(indef %)
[kWh]

260,640

23,204

17%

3,945

1,928

80

328

500

$ 5,065 $ 5,065 $ 600 $ 2,295 $ 82,502 $

0.84

82,032
191,532
175,470

7,072
16,072
17,128

23%
12%
22%

1,627
1,929
3,768

588
1,336
1,423

50
100
100

135
160
313

250
250
500

$ 3,612 $ 3,612 $ 600 $ 946 $ 45,881 $
$ 3,612 $ 3,612 $ 600 $ 1,122 $ 50,275 $
$ 5,065 $ 5,065 $ 600 $ 2,192 $ 79,934 $

1.13
1.04
0.85

71,224

6,581

25%

1,645

547

50

137

250

$ 3,612 $ 3,612 $ 600 $ 957 $ 46,152 $

1.12

Diesel cost [$/gal]: $ 7.00 delivered

With this VOR calculation, utilizing the Corp Yard Master (L2 + L3 EV) option (not the Corp Yard
Baseline + L2 option), the Town of Moraga would receive an additional value per site in the table
above, equating to a total additional value across the sites of $258,863 over the 25 years.

1.8 Battery State-of-Charge for Resilience
As illustrated below, a contracted solution provider can be responsible for provisioning the
specified battery capacities for daily cycling over the 25-year PPA periods. Each specified capacity
is required for achieving the expected economic and resilience performance. Owner reserves might
be included in the BESS deployments in order to comply with the daily cycling requirements over
time, amidst BESS degradation realities and warranty requirements. The state-of-charge (SOC) that
is reserved for the specified resilience performance, referred to as the SOCr (pronounced like
“soccer” the sport), can be dynamic in constant response to energy availability, solar forecast, and
critical load forecast. SOCr levels for the related resilience scenarios have been modeled to be
dynamic based on SOC level, load & solar forecasts, and economic opportunities at every 15minute interval, 24x7x365. Importantly, each site can mandate specific SOCr sizing, between 0%
and 100% of the contracted BESS energy capacities. If preferences increase for everyday economic
optimization, then a site can mandate smaller SOCr levels. Conversely, in the face of coming storms
and/or Public Safety Power Shutoff (PSPS) warnings, a site can mandate higher SOCr levels to
prepare for the increased likelihood of grid outages and associated energy resilience needs.
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BESS energy capacity allocations

1.9 EV Charging Profiles
As a reference, below is the summary of the EV charging profiles determined per site. These
profiles were developed in order to satisfy the EV charging requirements of these four sites in five
years – thus they incorporate the expectation of EV charging needs for each site in the 2027
timeframe. These profiles are intended to satisfy the expected growth in EVs across the state, the
superior economics for driving and operating EVs, new federal and state subsidies for EV purchases
or leases, and the state’s EV mandates which include the Governor’s executive order requiring that,
by 2035, all new cars and passenger trucks sold in California be zero-emission vehicles, and zeroemission truck sales where manufacturers who certify Class 2b-8 chassis or complete vehicles with
combustion engines will be required to sell zero-emission trucks as an increasing percentage of their
annual California sales from 2024 to 2035.
Town Hall & Police Station:
• This site will have public, employee, and police charging.
• The public and employee profile is based on Clean Coalition’s empirically derived EV
charging profile from commercial office sites, modified for the recommended time-of-use
(TOU) pricing.
• The police profile is 24x7 when cars are at the station and including cooling at the station for
car computers during warm periods. Assumes four EV police cars in five years. Police
charging reference via Fremont analysis.
• Assumes the two existing L2 ports for employees and public plus two new L2 ports for
police only.
Corporation Yard & Council Chambers:
• This site will have employee and municipal fleet charging.
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•
•
•
•

•

The employee profile is based on Clean Coalition’s empirically derived EV charging profile
from commercial office sites, modified for the recommended TOU pricing.
The municipal fleet profile is evening -- reference is multiple municipal fleet charging
profiles where fleets typically only run less than 180 miles per day and charge only at night,
so are full each morning.
Assumes two L2 ports for employee charging during the day and longer-duration municipal
fleet charging at night.
Assumes two L3 fast-charging ports for municipal fleet fast charging during daytime
working hours, such that municipal fleets can re-charge during short breaks, and managed
such that the maximum load is equivalent to only 1 port (e.g., if two fleet vehicles are
charging at the same time, they are each limited to ½ the total peak charging amount), and
outside of peak pricing periods.
Assumes five municipal fleet vehicles as EVs in five years.

Library:
• This site will have public and employee charging.
• The public and employee profile is based on Clean Coalition’s empirically derived EV
charging profile from commercial office sites, modified for the recommended TOU pricing.
• Assumes four L2 ports.
Hacienda site:
• This site will have public and employee charging.
• The public and employee profile is based on Clean Coalition’s empirically derived EV
charging profile from commercial office sites, modified for the recommended TOU pricing
• Assumes two L2 ports
In addition, the Clean Coalition recommends that the Town of Moraga utilize the following rate
schedule for all EV charging at the Town of Moraga properties. EV charging should be:
•
•
•

Incentivized during 9 am-2pm
Disincentivized during 4pm-9pm – peak periods
Neutral during all other times

EV charging fees should be the same or higher than the B-10S TOU $/kWh values, in order to
potentially account for installation costs, operating costs, and other costs that might be incurred by
the Town of Moraga.
All other times

9 am – 2 pm

4 pm – 9pm

Medium Fee
50 cents/kWh

Lowest Fee
25 cents/kWh

Highest Fee
75 cents/kWh

1.10 Diesel Generators – additional details
With diesel generators, there is not an option for a seamless transition to diesel generator-led
resilience during an outage: the generator / generator controller cannot know when an outage is
about to occur, and thus the generator cannot be automatically started up just prior to the outage.
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Thus, there is always a few seconds of delay after an outage before the generators are on. This
indicates that for the diesel generator scenarios there is an associated need for the installation of offthe-shelf Uninterruptible Power Supplies (UPSs) to serve critical equipment (e.g., IT) required to be
always on, enabling ride-through of the temporary downtime between a grid outage and the diesel
generator starting. According to Mark Dahlen, the IT specialist for the Town of Moraga, all critical
IT loads at the Moraga sites are already supported with double-conversion UPS functionality
providing 20 minutes of run time.
The following table provides the complete expected costs for the diesel generators including total
equipment cost, installed cost, and additional costs. Note that based on the site visits it was
determined that all existing generators will need to be replaced.

1.11 Appendix
1. Town of Moraga existing electricity rates
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2. Proposed TCLR Circuit Flow Diagram – Hacienda & Pavilion. Option 1 is using the
current separate meters for the two locations. Option 2 is if the two locations are supplied
by a single master meter, TBD.

Circuit Flow Diagram: Hacienda & Pavilion Circuit Flow Diagram for TCLR with separate meters
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Circuit Flow Diagram: Hacienda & Pavilion Circuit Flow Diagram for TCLR with master meter
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