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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
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completeness, or usefulness of any information. apparatus, product. or process disclosed, or represents
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employees, or the United States Govermment, or any agency thereof. or the State of
Califomia. This report has not been approved or disapproved by Alliance, DOE, Santa Rita County.
Chewron nor the State of Califomia nor has Allance, DOE, Santa Rita County, Chevron nor the
State of Calfomia passed upon the accuracy or adequacy of the information in this report.
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Executive Summary

The Santa Rita Jail is located in Dublin, California within Alameda County. The Jail is the 5#
largest in the United States and houses between 4,000 and 4,500 inmates. The microgrid
provides critical power to the Jail when the site loses utility power. The microgrid is
designed using multiple generation sources including: diesel generators, a combined heat
and power gas driven fuel cell, electrochemical energy storage, small wind and various
types of both fixed and tracking photovoltaic systems. Even when the jail is connected to the
utility, the microgrid assets provide much of the power to serve the site's electrical loads
without back-feeding power to the utility. The object of this report is to provide the
monitoring and verification results for the 1= year including an assessment of hardware and
software capabilities to monitor, collect data, and control the microgrid system. The first
task, 23.1-A, provides an assessment that informed system designers about any limitations
or issues with the installed system and provides an outline some best practices of how to
achieve robust and optimal microgrid system control, and provides recommendations for
future installations and/or upgrades. The second task 23.1-B, provides the results of a
system level evaluation through simulation of the microgrid using the Homer modeling tool
to provide further insight in the cost savings for various scenarios.
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Introduction

The objective of the overall microgrid project is to design, deploy and optimize the performance of
an advanced microgrid that includes a photovoltaic (PV) solar array, a fuel cell, a battery and diesel
fueled engine generators at the Alameda County Santa Rita Jail located in Dublin. California. The
primary purpose of the microgrid is to provide backup power to critcal electrical loads at the
fadlity if there is a loss of power from the electric utlity. Under normal conditions, when the
microgrid is electrically connected to the utility, power generated by the solar array, fuel cell and
battery are operated together with electrical power from the utility to provide power to the jail
faclity. The system monitors the status of the utility and provides a seamless transfer between
grid-connected and islanded operation in cases of when utility outages or power quality issues
occur. Alameda County, California Public Utilities Commission, Pacific Gas and Electric, the US.
Department of Energy, the Department of Defense Climate Change Fuel Cell Program, the California
Energy Commission, the California Public Utilites Commission, and California Self-generating

Under funding provided by the U.S. Department of Energy (DOE), The National Renewable Energy
Laboratory (NREL) provides technical support to the project to monitor and validate the
performance of the microgrid’s sensors, components, systems, and controls, and suggest
smasa

The overall layout for the Santa Rita Jail Microgrid is given in Figure 1. The facility includes: Two
1.2 MW engine-driven generators that are fueled using diesel; roof-mounted solar arrays at the
housing units; tracking solar arrays, a natural gas-fueled, molten carbonate fuel cell fueled by
natural gas; four 500 kW lithiwm ion battery storage systems; and five small wind turbines, Each of
the generating sources is connected at different points on the campus electrical distribution system.
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2-1.2 MW Diesel 4-500 kW 1 MWh
Generators 1 MW Fuel Cell
Distribution Line 3 Energy Storage

5-2.3 kW Wind
Turbines Map from Google Maps

1.2 MW Photovoltaics

Figure 1 Santa Rita Jail Microgrid Layout

Prior to the deployment of the microgrid, the two 1.2 MW diesel generators were the only sources
of power for backup power. The addition of the new microgrid generation resources provides
redundancy in power generation, reduced diesel usage during emergency microgrid operation, and
a reduction in the power provided by the utility during grid-connected operation. The jail uses
automated systems that deliver laundry, supplies, and food to the campus. It also includes on-site
medical and mental health services. Continuous electric power delivery is essential for the facility's
operation.

The primary reason the microgrid was installed is to provide backup power to critical electrical
loads at the jail should there be a loss of power. Under normal conditions, when the microgrid is
electrically connected to the utility, power generated by the solar array, fuel cell and battery are
operated together to reduce the power required from PG&E The fuel cell operates with an
efficiency of approximately 47%. The energy storage control design is intended reduces load during
the peak period from noon to 6 pm and also prevents power export. The energy storage is designed
to charge during the night. Table 1 below provides the rated capacity for the on-site generation
systems installed at the campus.

10
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Table 1 Santa Rita Jail Microgrid Generation Rezources

Rated Power Generator Type

1.2MW Solar PV array

1MW Fuel cell with heat recovery for domestic hot water, molten carbonate technology
24 MW Diesel Generators

2Mw Lithium ion energy storage, 4 MWh capacity (3 MWh useable)

11.5 kW 5 Wind Turbines

6.61 MW Total generation

The Santa Rita Jail uses a loop distribution system as shown on Fizure 2. The electrical distribution
circuit is designed to provide both reliability and flexibility for electricity delivery. If a device fails,
such as a transformer within the Santa Rita Jail distribution system, the device can be isolated from
the distribution circuit using switches to allow remaining systems to operate. The distribution
circuit is designed so that the electrical loads can be fed from two different electric busses.

11
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Figure I Santa Rita Jail Electric Distribution System

1f a utility outage occurs, the Santa Rita Jail microgrid is designed to disconnect from the utility feed
using the static switch at the 12 kV service entries shown at the top of Figure 2. The static switch is
a fast acting switch that can switch much faster than a conventional drcuit breaker. Once isolated
from the utility, the design intent is to immediately utilize the microgrid generation assets to
provide the power required to serve the facility's loads. The system is designed using the
Consortium for Electric Reliability Technology Solutions, CERTS, control methodology. CERTS
provide a seamless transition back and forth between utility-connected and islanded conditions.
The advantage of this control methodology in that it allows the entire microgrid generating
resources to always operate in voltage mode control, even when connected to the utility.

This report provides the results for Subtask 23.1-A and 23.1-B listed in the Chevron statement of
work to Alameda County. The report is separated into six sections and includes an Executive
Summary, Bibliography, and List of Acronyms. Section 1 of the report provides an evaluation of the
monitoring, metering and data acquisition systems. Section 2 of this report describes the
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1 Task 23.1-A Evaluation of Monitoring, Metering and
Data Acquisition Systems

1.1 Metering

The metering at the site includes two main power meters: the ION 6200 and the ION 7650. Each
meter is currently set to measure power and energy variables in 15-minute intervals. The power
meters have the capability for more frequent measurements through a program interface including
event triggering. The type of measurement and communications available for the two power
meters are given in Table 2 and Table 3.

Table 2 ION 6200 Power Meter

Measurements Communications

Voitage L-N Modbus
Voitage L-L RS-485
Frequency
Current
KW

kWh

pf

Voitage THD
Current THD

Table 3 ION 7650 Power Meter

Measurements Communications

Power, energy, demand IEC 61850
Harmonics RS-232/485; Ethernet. optical

Symmetncal components: | Intemal Modem
Zero, positive, negative

Flcker DNP 3.0
Tme Stamp Modbus: Modbus TCP
13
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EtherGater, Modem Gate.
MeterM@il. WebMeter

Relay outputs

1.2 Network and Servers

The communication network for the microgrid contains components from both Encorp and Applied
Power Technologies, Inc. (APT). Encorp installed “Gold Boxes” which are programmable logic
controllers (PLC) for the static switch, the diesel generators, the energy storage, and the load
control. It provides the hardware interface between many power devices including meters, relays,
human machine interface, servers, and other equipment. APT provided the power meters and
programmed the PLC for control of the energy storage. APT provided a server that acts as a

supervisory controller and stores power data from the microgrid meters and can display power
data in real time.

1.3 Load Control Summary

The Encorp control system includes a method for load shedding. The loads are classified into three
categories: ‘A', ‘B’, and ‘C\. ‘A’ loads are the most critical loads; ‘B’ loads are the next most critical
loads, and ‘C’ loads are the least critical loads. The human machine interface allows the controllable
loads to be programmed into any category at anytime. The microgrid control defines which loads
will be connected under various conditions. For example, during grid-connected, non-islanded
operations all of jails loads are connected. Should power from the utility be lost and the microgrid
disconnects from the utility, ‘C’ loads are shut off while ‘A’ and ‘B’ loads remain connected to the
microgrid sources. If the frequency falls out of a set frequency range, the ‘B’ loads will be
disconnected.

1.4 Recommendations for Metering and Monitoring

® Develop procedures and companion software for the operations staff to follow should in
case of the failure of the communications or supervisory control.

® Perform regular security audits and maintain software revision control as the system
undergoes software and hardware upgrades.

* Provide a redundant server that can take control in real-time should the primary server
fails.

® (Calibrate meters and sensors on a six or twelve month cycle.
®  Add a weather station including solar irradiance sensing and full sky imagery.

* Instrument or provide a means to collect data on un-monitored PV systems at the site

14
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2 Task 23.1-B System Modeling and Analysis

2.1 Homer Simulation Tool

The HOMER simulation tocl can be used to estimate the best equipment sizes for optimizing the
economics, and overall dispatch operation of a microgrid. The model uses cost and simulated power
output predictions for the optimization. The HOMER calculations used in this report were made
based on an hour time step. HOMER does not calculate voltages and currents or simulate grid
transients in the sub-millisecond time. A simulation study was conducted to estimate necessary
energy storage sizes for each recommendation. The primary inputs used for the simulation are
given in Table 4.

Table 4 HOMER Simulation Input: and QOutputs

Inputs Outputs
Wind resources

Solar resource

Electric costs from PG&E Schedule E-20 (Table 6)
Diesel operation

Natural gas costs for fuel cell Operation of loads and generation
Wind operation and maintenance costs

Solar operation and maintenance costs

Fuel cell operation and maintenance costs
Energy storage operation and maintenance Costs

HOMER uses yearly profiles for each source. At the time the simulation was conducted, only two
days of data for site were available. The Homer simulation utilized a scaled yearly load profile that
PGE&E's publishes on their website to describe the average dynamic load profiles for each of its rate
customers, The average customer load profile was scaled to match the Jail's measured loads for July
17, 2012 and July 18, 2012 as shown in Figure 3. The solar production profile for the site was
approximated using yearly solar irradiance data for the site from a software tool called PVWatts
developed at NREL. PVWatts approximates solar output of a theoretical PV array based on past
irradiance data for sites across the world. An Irradiance meter located close to Dublin, CA was used
to estimate the yearly irradiance data. The PV solar system size was adjusted to match the solar
output from the dminFigm'eﬂAsamnlt. the modeled PV system was a single 550 kW PV
system which represents where the amount of PV power the site is cwrrently producing which is
much less that the rated power.

15
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Microgrid Sources and Loads
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Figure 3 Site Load and Microgrid Energy Sources

The HOMER simulation was setup to predict the minimum required energy storage power and
energy storage capacity necessary for preventing export to the utility using the existing PV and Fuel
Cell generating sources as well as due to increasing the fuel cell and solar PV power production. The
analysis assumed that the PV and fuel cell power could not be modulated or conwolled to match the
estimated scaled electrical site load described above. Homer simulations were conducted and
analyzed for one year. Figwre 4 through Figure 7 show the results to determine the days that
would have the greatest impact on the energy storage requirments given the generation scenario
that was simulated avoid power export to the utility and is depicted as the “Excess Electricity”
cwrve in each of the Figures. The required energy required by the battery was estimated by
integrating the area under the “Excess Electricity” curve. The plot labeled “AC Primary Load” is the
approximate load of the site using the two days of data used for the model and scaled site load
based on PG&E's published load profiles. The plot labeled “PV Power” is the approximate PV electric
power output. The plot labeled “Fuel Cell Power” is the electrical power output of the fuel cell.

Table 5 provides a summary of the simulation results to estimate the energy storage requirements
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Table £ Estimated Energy Storage as a Function of Fuel Cell and PV Size

Fuel Cell Size PV Operation Required Energy Storage Figure
Reference
950 kW 550kW (existing) 500 kW, 3 MWh (existing) (Figure 4)
1100 kW 550 kW (existing) 1MW, 5 MWh (Figure 5)
250 kW 12 MW output 2 MW, over 5§ MWh (Figure 6)
1100 kW 1.2 MW output 2 MW, 10 MWh (Figure 7)

It should again be noted that actual loads for a year were not available at the time the Homer
simulation was conducted. The control strategy implemented at the time of this report charges the
battery during the off-peak hours with the goal of being at full SOC in order to reduce peak electric
demand. Future dynamic simulations could be conducted using actual yearly load data to evaluate
exdsting and future generation resource scenarios and control methodologies.

2.2 Santa Rita Load Analysis

Alameda County provided operational data for microgrid operations to NREL for one year
beginning in January 2012, Analysis of the data for the year showed that the minimum demand
occurred between January 14, 2012 and January 21, 2013, Figure 8 shows a plot of the demand
during this time period. Analysis of the data shows that site exported 4.8 kW back to the utlity for
a few of the 15-min demand time intervals during this time period.
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Figure 8 Minimum Power Demand Provided from PG&E 1/14 to 121
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Figure 9 shows that the maximum demand provided by the utility for the site ocourred between
November 25, 2012 and December 1, 2012. The data shows that the power spiked to about 2,300

kW. The average demand during the first part of the week was S500kW and the average demand at

the end of the week was about 1,500 kwW.
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Figure 9 M

The total site demand is a measurement of the total power required to serve the site’s load that is

provided by both the utility and the microgrid generation assets. Analysis of the data for a year
shown in the Figure represent the expected outages that occurred during commissioning,

2012. A graph for the total demand during this time pericd is given in Figure 10. The outages

shows that the minimum total demand occurred between November 25, 2012 and December 1,

-0 ZTWT/SYTT

Figure 10 Minimum Total Site Power Demand 11/25 t0 1271
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Table 6 PG&E Electricity Rate Schedule E-20 Primary

Rate Name Times Days Rate {$)
Maximum Peak Demand 12:00 noon to 6:00 Monday-Friday except $15.40%W
Summer ($/kW) p.m. holidays
Maximum Part-Peak 8:30 a.m. to 12:00 Monday-Friday except $3.23&wW
Demand Summer ($/kW) noon and 8:00 p.m. to | holidays

2:30 p.m.
Maximum Demand $9.33/%W
Summer (S/kW)
Maximum Part-Peak 8:30 am. t0o 8:30 p.m. | Monday-Friday except 50.25/%W
Demand Winter holidays
Maximum Demand $9.33/%W
Winter
(/W)
Peak Summer ($/kWh) 12:00 noon to 6:00 Monday-Friday except $0.13087/kWh

p.m. holidays
Part Peak Summer 8:30 a.m. to 12:00 Monday-Friday except $0.09268/kWh
($/kxWh) noon and 6:00 p.m. to | holidays

2:30 p.m.
Off-Peak Summer 2:30pm to 8:30 a.m. $0.07028/kWh
($/%Wh) and

All day on

weekends/hobdays
Part-Peak Winter (3/kWh) 8:30 a.m. to 8:30 p.m. Monday-Friday except 50.08835/kWh

holidays
Off-Peak Winter (3%kWh) ©2:30 p.m._10 8:30 am. $0.07376/kWh
and all day on
weekendsholidays

Note: pf Adjustment rate (3/kWh%): $0.00005&Wh/%
Note: Summer (May 1 to October 31), winter (November 1 to April 30)

Additionally, the pf charge is $0.00005 /kWh /9. The rate states:

The rate charges (based on actual utlity bill for the site) are adjusted based upon the power
factor. The power factor is computed from the ratio of lagging reactive kilovolt-ampere-
hours to the kilowart-hours consumed in the month. Power factors are rounded to the
nearest whole percent. The rates in this schedule are based on a power factor of 85 percent.
If the average power factor is greater than 85 percent, the total monthly bill will be reduced
by the product of the power factor rate and the kilowatt-hour usage for each percentage
point above 85 percent. If the average power factor is below 85 percent, the total monthly

(]
[
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bill will be increased by the product of the power factor rate and the kilowatt-hour usage
for each percentage point below 85 percent. Power factor adjusmments will be assigned to
distribution for billing purposes.

For example, if the meter used for billing at the point of common coupling (PCC) measures a pf of
0.7 and a power level of 300 kW for one hour then the rate will be (1):

PF..., =0.00005x(0.85 - 0.7)x100x 300k x 1, =$0225 o

Table 7 provides the costs/therm rates for each month during 2012 for the site.
Table 7 Santa Rita Jail Monthly Natural Gas Rates

Month Natural Gas Rate
January 2012 $0.460/Therm
February 2012 $0.450/Therm
March 2012 $0.44Therm
April 2012 $0.417/Therm
May 2012 $0.421/Therm
June 2012 $0.4768/Therm
July 2012 $0.46/Therm
August 2012 $0.48/Therm
September 2012 $0.450/Therm
October 2012 $0.477Therm
November 2012 $0.404/Therm
December 2012 $0.403/Therm

When the microgrid is grid-connected the amount of power and energy required by the Jail from
the utility the microgrid generation resources assist the utility resources to serve the Jail's electrical
load. Figure 12 provides an estimate of the monthly electrical demand savings and Figure 13
mmmdmm:wmm&mum Both measurements

are measured at the point of b the Utility and Jail's microgrid Figure 12
shows that during July 2012, 3 different demand rates must be considered for to determine demand
including: the maximum peak demand, part-peak d d. and the i demand. The part-

pukmpmo-dshuwuiuudm&omﬁaomwmmdﬁOOmw?JOp.mThe
di d is primarily due to the fuel cell and PV power generation. If the microgrid

generation was not operating properly for only one-15 minute interval during the month, Alameda

County would have been assessed an estimated demand charge of 825 kW at a rate over $15/kW.
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The maximum total demand occwrred during the week of March 23rd to March 30th in 2013 and is
given in Figure 11. The maxdmum total demand used by site’s loads was over 3,000 kW during this
week

p
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Figure 11 Maximum Total Site Power Demand Used 3/23 to 3/30

2.3 Microgrid Cost Savings During Grid-Connected Operations

Further analysis was performed to estimate the monthly electrical energy and demand savings that
the microgrid generation assets provide during grid-connected operations. When the microgrid is
grid-connected to the utility the amount of power and energy required by the Jail from the utility is
reduced as the microgrid generation resources assist the utility resources to serve the Jail's
electrical loads. Table 6 gives a summary of costs that PG&E's charges during various time and
season intervals. The data for the table is based on The E-20 rate structure from PG&E's web site.,
The table shows that he highest utility costs for both demand and energy occur between 12AM and
6PM Monday through Friday during the summer where the peak demand charge is $15.40/W and
the peak energy charge $0.13097 /kWh.
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Electrical Power Demand Savings (kW)

B Maximum Peak
Demand Summer

M Part-Peak Demand
Summer

B Maximum
Demand Summer

B Maximum Part-
Peak Demand
Winter

Figure 12 Estimated Monthly Demand Savings (kW)

Electrical Energy Savings (kWh)

l B Peak Summer

B Part-Peak Summer

1 2 Off Peak Summer

B Part Peak Winter

B Off-Peak Winter

Figure 13 Estimated Monthly Energy Savings (kWh)
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Using the data from Figure 12, Figure 13 and the rate tables above, the estimate dollar cost savings
for both demand and energy are given in Figure 14 and Figure 15 respectfully.

Electrical Power Demand Savings ($)
$18,000
$16,000 B Maximum Peak
$14,000 Demand Summer
$12,000 W Part-Peak Demand
$10,000 Summer
$8,000 ¥ Maximum Demand
$6,000 Summer
$4,000 B Maximum Part-Peak
$2,000 I‘l‘l‘”‘l Demand Winter
SO - - o -, — . - -,
¥ Maximum Demand
."3‘ "3’ 'Q' '*:" "3" "j' Winter
2 > A > R g
RO R

Figure 14 Estimated Monthly Demand Savings (3)
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Electrical Energy Savings ($)

B peak Summer

B Part-Peak
Summer

W Off Peak
Summer

B Part Peak
Winter

N Off-Peak
Winter

Figure 15 Estimated Monthly Energy Cost Savings (%)

The predicted total utlity cost savings for each month is the sum of the demand and energy cost
savings.

2.4 Recommendations
®* An advanced control strategy to control both the generation sources and loads together
Mhmmﬂud&nmme&mﬂn&m&emebmﬁdunmﬂandw

allow Alameda county to effectively participated in PG&E's demand response
TabhsmahsammdemhdmndmmﬁmPG&Esm&rm
County to consider together with PG&E.

® Hardware and software control systems should be designed to keep the system running
24/7 to avoid peak demand and energy charges from the utlity.
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Table 8 PG&E Demand Response Programs 2013

Program Incentive Requirement
Peak Day Reduced Customers who participate in PDP will expenence http:/iwww pge.c
Pricing Rates between 2 and 15 PDP Event Days annually in om/mybusiness/
(PDP) addition to tme-of-use pricing. On PDP Event Days, | energysavingsre
a surcharge is added to a portion of the peak period | bates/tmevaryin
(ie.. from 2 p.m. to 6 p.m.) which customers will pay | gpricing/peakda
in addition to their regular peak electric rate. ypricing/
Base $9/kW BIP gives you 30 minutes advance notice. You will | http:/iwww_pge.c
Interruptible receive a monthly ncentive payment even if no om/mybusiness/
Program events are called. However. failure to reduce load energysavingsre
(BIP) down to or below your Firm Service Level durmg an | bates/demandre
event will result in a charge of $6.00&Wh for any sponse/baseinte
energy use above the Firm Service Level There is a | rruptible/
maxmum of one event per day and four hours per
event. The Program will not exceed 10 events per
month, or 120 hours per year.
Demand $0.50/kW or For day-ahead events, you will recewe an event http://www _pge.c
Bidding $0.60/kW notice by noon on the business day before the om/mybusiness/
Program planned event. You will have until 3 p.m. that day to | energysavingsre
(DBP) submit bids via InterAct. bates/demandre
sponse/dbp/
For day-of events, you will have one hour after
receiving the event notice to submit bids via
InterAct. PG&E will notfy participants of bid
acceptance within 15 minutes of the bid acceptance
window closing.
Optional Varies http://www _pge.c
Binding om/mybusiness/
Mandatory energysavingsre
Curtailment bates/demandre
(OBMC) Plan sponselobmcp/
Scheduled You select one to three four-hour time perods http://www pge.c
Load (between 8 am. and 8 p.m.) on one or more om/mybusiness/
Reduction weekdays. You are required to reduce load each energysavingsre
Program and every time your selected SLRP options (day of | bates/demandre
(SLRP) the week and corresponding elected time) occur. sponse/sirp/
Your load reduction cannot be shifted to an on-peak
time period (noon to & p.m.) on another day.
Permanent Under
Load Shift Development
SmartAC No Longer
Available
Aggregator | Varies Many aggregators possible http://www_pge.c
Managed om/mybusiness/
Portfolio ENErgysavin,
(AMP) bates/demandre
sponse/amp/
27
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Capacity Varies Load reduction commitment is on a month-by-month | http://www_pge.c
Bidding basis, with nominations made five days prior to the | om/mybusiness/
Program beginning of each month. Customers must enroll energysavingsre
(CBP) with (or as) a third-party aggregator to join the bates/demandre
Capacity Bidding Program. sponse/cbp/
1-4 Hour: June: $4 27/kW. July: $17.04/kW. August:
$24 B1/kW_ September: $15.30/kW.
Automated Between PGA&E pays between $125 per kilowatt (kW) and http:/iwww pge.c
Demand $125/kW and | $400 per kW of DR load reduction (dispatchable om/mybusiness/
Response $400/%W load) that will be controlled by the technology. energysavingsre
depending upon the technology category program bates/demandre
selected. sponse/admp/
Dual Many options | Varies options with PDP, BIP, DBF, OBMC, AMP, http://www_pge.c
Enroliment cBP om/includes/doc
s/pdfs/mybusine
ss/energysaving
srebates/deman
dresponse/basel
nterruptable/DR
_DualParticipati
on_pdf
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CERTS Microgrid Demonstration with Large-Scale
Energy Storage and Renewable Generation

Eduardo Alegria, Member, IEEE; Tim Brown, Member, IEEE; Erin Minear, Member, IEEE;
Robert H. Lasseter, Fellow, IEEE

Abstract—. The Consortinm for Electric Reliability Technology
Solutions (CERTS) Microgrid concept captures the emerging
potential of Distributed Energy Resource (DER) using an
automatous plug-and-play approach. CERTS views generation
and associated loads as a subsystem or a “Microgrid.” The
sources can operate in parallel to the grid or can operate in
island, providing high levels of electrical reliability. The system
can disconnect from the utility during large events (i.e., faunlts,
voltage collapses), but also may disconnect intentionally when the
quality of power from the grid falls below certain standards.
CERTS Microgrid concepts have been demonsirated at the
Alameda County Santa Rita Jail in California. The existing
system included a 1-MW fuel cell, 1.2 MW of solar photovoltaic,
and two 1.2-MW diesel generators. Adding a 2-MW, 4-MWh
storage system, a fast static switch, and a power factor correcting
capacitor bank enabled microgrid operation. The islanding and
resynchronization methods met all Institute of Electrical and
Electronics Engineers Standard 1547 and the reliability
requirements of the jail.

Index Terms—Distributed Generation, Distributed Resource,
Islanding, Microgrid, Smart Grid, Renewable Energy, Advanced
Energy Storage.

. INTRODUCTION

The Alameda County Santa Rita Jail Microgrid project is a
demonstration of Consortiim for Electric Reliability
Technology Solutions (CERTS) Microgrid concepts, [1-3].
The goal from a research and design perspective is to
understand the potential for large commercialization of
CERTS Microgrids in the future for customers with demand
for reliable power. The CERTS Microgrid concept has been
developed over the last 10 years with support from the
Califormia Energy Commuission and the US Department of
Energy. CERTS basic research focus is the design and
application of automatous controls for the full range of DER
component. The CERTS approach provides standard
automatous controls that enable plug-and-play functionally
without the need of communication or custom engineering for
each application. These features mininuze engineering cost

The work is coordinated by Chevron Energy Solutions and funded by the U.S.
Department of Energy and the Califorma Energy Commission Pubhic Interest
Energy Research Program

Eduardo Alegria. lead engineer and principal investigator for the
project. Chevron Energy Solutions. San Francisco. CA (email: EAAE@
chevron.com)

Tim Brown and Erin Minear. engineers with Chevron Energy Solutions
(email: Tim.Brown(@chevron.com, Erin Minear@chevron.com)

Robert Lasseter. with the University of Wisconsin. Madison. WI
(email: lasseter@engr.wisc.edu)

and emrors and maximize flexibility. Most  muerogrid
mmplementations combine loads with sources and allow for
mtentional islanding, but rely on complex communication and
control and require custom design inchiding extensive site
engineering.

CERTS concepts demonstrated to date at American Electric
Power’s microgrid test bed iclude autonomous load
following, local islanding and re-synchronizing with the grid,
voltage and frequency control. reduction of circulating
reactive power and stable operation for microgrids with
multiple DER units. These tests where done without storage or
commumnication between wnits, [4-7]. This fumctionality is
achieved using two droop controllers. One is a power vs.
frequency droop much like the tradition droop control on
generators. Protection from self-overloading drives the
frequency down when the unit becomes overloaded. This
results in the other sources off-loading the overloaded unit.
The second droop controller is a voltage vs. reactive power
controller. When there are voltage error between two or more
units there can be large circulating VARS. The reactive power
output provided by each source 1s used modifies its own
voltage regulation point. This corrects for the voltage errors
and minimize the circulating VARS. Alameda County Santa
Rita Jail project provides a platform to extend these concepts
to storage, diesel generation and energy management systems.

Fig. I Santa Rita Jail Microgrid Single Line Diagram
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This project integrates existing 1.2 MW solar photovoltaic. 1
MW fuel cell and conventional diesel generators with large-
scale energy storage. a static disconnect switch and a capacitor
bank. The project also upgraded the controls of the generators
to make them CERTS-capable. An overarching control system
referred to as Energy Management System (EMS) to
economically optimize was added the use of all generation
sources. Refer to Appendix A for a summary of equipment
details, fig.1.

II. DESIGN CONSIDERATIONS

Prior to the Microgrid project, the Santa Rita Jail facility was
susceptible to momentary utility outages and power quality
events. Maimtaining power free of momentary or sustained
outages is critical to the safety of the officers, staff and
inmates. To prevent sustained outages, diesel generators were
available to power essential facility loads. However, the diesel
generators relied on a load-shed system and required
approximately 10 seconds to start. during which the facility
had no power.

Additionally. the solar photovoltaic and fuel cell generators
were unable to operate in parallel with the diesel generators.
Tlus was due to a couple of reasons. One. it 1s challenging for
the system to maintain proper microgrid system voltage and
frequency within operational limits during transitions to the
back-up diesel generators. Additionally. the diesel generator
frequency itself is not as stable as the grid and may trigger anti
islanding functions on PV or Fuel Cell mverters to trip the
equipment offline. This is a disadvantage from an economic
and environmental perspective because the clean, renewable
sources were not being utilized during island conditions. Upon
restoration of utility power the fuel cell would take several
hours to restart, resulting m increased demand and energy
charges on the utility bill. The solar photovoltaic and fuel cell
operation also was impacted by utility power quality events
such as voltage sags, [8-9]. These impacts related to utility
issues were resolved with incorporation of a fast static
disconnect switch (SDS). which enabled autonomous
operation and seamless islanding of the Jail. The Jail's ability
to autonomously island was key to providing the highest
system reliability. Due to the practical limitations of matching
the existing generation and load for a successful island
transition, advanced energy storage (battery) was utilized to
stabilize system voltage and frequency during transient
conditions. Using CERTS Microgrid protocol aided in
simplifying the mtegration of the battery and SDS with
existing on-site resources. The “plug-and-play” nature of the
CERTS protocol gives CERTS-based sources (diesel
generators and battery) the ability to interconnect with each
other without the need for a customized supervisory generator
control system.

In addition to the battery providing system reliability and
stability. it would also be used to optimize on-site generation
to decrease the total cost of energy purchased from the utility.
The current utility tariff schedule has time-of-use rates under
which energy consumption and maximum power demand vary
based on time of day and season. The battery can store energy

(5]

purchased during less-expensive off-peak periods to be
utilized during peak periods.

III. THE CERTS CONCEPT

One of the objectives of the CERTS Microgrid concept was to
reduce microgrid system cost and increase reliability. This
meludes plug-and-play functionality without communications.
Plug-and-play concepts reduce engineering cost and errors
since little site modification 1s required for different
applications. Each CERTS device regulates voltage and
frequency both grid connected and while islanded. These key
concepts have been demonstrated at the American Electrical
Power Microgrid Test Facility. This includes such transient
events such as seamless separation and automatic re-
synchronizing with the grid. Class I level power quality during
utility faults, large unbalanced loading and stable operation
during major events [5]. The CERTS concept has three critical
components: the static disconnect switch, the micro-sources,
and loads. The static disconnect switch has the ability to island
the microgiid autonomously for disturbances such as faults,
IEEE 1547 events or power quality events. Following
islanding. the recommection of the microgrid is aclueved
autonomously after the tripping event is no longer present.
Resynchronizing to the utility uses the frequency difference
created by the islanding event [6].

Each CERTS-controlled source seamlessly balances the power
on the islanded microgrid using a power vs. frequency droop
controller. In this project the battery storage system and the
backup diesel generators have the CERTS frequency and
voltage control. The fuel cell and the photovoltaic inverters
run in a power mode and do not track load, control voltage or
frequency. For example, if the load increases while in island
operation, the storage system will provide the extra power
instantaneously and reduce the operational frequency. At
maximum output the frequency controls are designed to drop
no more than 1%. If there is inadequate energy to meet the
load, the frequency will drop below the normal operating
range, signaling the non-critical loads to shed. The
coordination between sources and loads is through frequency.

The storage inverters and the diesel generators not only
control the voltage but they also ensure that there are no large
circulating reactive currents between units. With small errors
in voltage set points. the circulating current can exceed the
ratings of the units, This situation requires a voltage vs.
reactive power droop controller so that, as the reactive power,
Q, generated by the unit becomes more capacitive, the local
voltage set point is reduced. Conversely, as Q becomes more
inductive, the voltage set point is increased. At Santa Rita Jail
this droop is 5%. In addition to the system voltage stability
demonstrated at the AEP test site extensive analyses indicates
that microgrid’s stability is independent of the number of
CERTS devices in a microgrid [7]. Theoretically the system
remains stable as we approach an infinite number of CERTS
units.

The CERTS Microgrid controls do not rely on a “master”
controller or source. Each source is comnected in a peer-to-
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peer fashion with a localized control scheme implemented for
each component. This arrangement increases the reliability of
the system in comparison to having a master-slave or
cenfralized control scheme. In the case of master-slave
controller architecture. the failure of the master controller
could compromise the operation of the whole system. Santa
Rita Jail uses a cenfral communication system to dispatch
storage set points, voltage and power as needed to control the
state of charge. However, this conmmunication network is not
used for the dynamic operation of the Microgrid. This plug-
and-play approach allows for expansion of the Microgrid to
meet the requirements of the site without extensive re-
engineering. Plug-and-play implies that a unit can be placed at
any point on the electrical system without re-engineering the
controls, thereby reducing the chance for engineering errors.

IV. DESIGN IMPLEMENTATION

The key considerations for the Microgrid system design were
meeting the criteria for operation under the CERTS protocol
and integrating with the existing infrastructure.

A. Battery

The battery technology selected for this project was a 2-MW.,
4-MWh Lithium Iron Phosphate (LiFePOQy) battery. Tlus is a
type of lithium ion battery that uses LiFePOy4 as a cathode
material. Several battery technologies were compared during
the design process. Some of the lughly weighted selection
criteria included round trip efficiency, cycle life, maximum
temperature rating, safety, environmental considerations, and
maintenance requirements. Compared with other lithium-ion
batterv chemistries, the LiFePO, battery offers improved
safety because of the thermal and chemical stability exhibited
by the technology. The tradeoff 1s a slightly lower energy
density than other lithium ion chemistries. The specified AC-
AC round frip efficiency was 85% while the actual measured
AC-AC round trip efficiency was 88%.

The energy stored in the battery can be used either for tariff-
based rate arbitrage or power quality and reliability. When
erid connected, the battery can charge or discharge as dictated
by the Energy Management System in order to maximize the
economic benefit of the battery. The rate arbitrage scheme is
based on the utility tariff structure and not on real time
pricing. During a grid disturbance or outage, the energy in the
batterv is used to continuously supply high quality power to
the on-site loads.

The battery was sized at 2 MW, 2.5 MVA to be able to serve
the facility demand, which peaks at 2.8 MW, 2 MVARs in the
summer afternoons. This would allow the facility to island
from the utility grid when the fuel cell or part of the PV
system are on-line, but may require load shedding in the
unlikely event that all PV inverters and the fuel cell are off-
lme.

The 4-MWh storage capacity was sized such that on a typical
summer day the battery, fuel cell and solar photovoltaics could

serve all of the facility peak-period energy usage. 80% of
storage capacity is used for rate arbitrage. reducing the facility
peak load. The remaining 20% is reserved for power quality
events when the system transitions from grid connected to
island operation. This provides enough energy to maintain the
system until the diesel generator starts, if required. The battery
has an upper and lower state-of-charge limitation of 90% and
10% respectively during grid connected operations to maintain
the reserve for power quality. To ensure reliability during
island operation a new load and generation management
system will control the shedding and adding of load and
generation sources (i.e. PV generation or fuel cell) in order to
prevent the battery from reaching a full charge or discharge
state and shutting down.

B. Power Conversion System

A CERTS-compliant power conversion system (PCS) was
required to interface the battery with the Microgrid and utility
source. The installed PCS is rated 2MW. 2.5MVA. consisting
of four DC-to-DC converters that interface with each of the
four 500-kW. 1-MWh battery enclosures. Each of the battery
enclosures 1s independent and capable of operating if any or
all of the other three containers are shut down. There are two
DC-to-AC inverters that interface with two DC-to-DC
converters, each through a common DC link bus. This system
architecture makes the system highly flexible, allowing for
proper maintainability and testing. The PCS was sized such
that 1t could supply some, but not all of the facilities reactive
power needs. This 1s discussed further in the capacitor bank
section.

When grid-connected, the EMS dispatches charge or discharge
signals to the PCS to provide the highest level of economic
benefit to the Jail. To change the rate of power charge or
discharge. the PCS responds to “raise speed” or “lower speed”
signals, similar to those used in frequency/load control of
traditional generation units, The PCS frequency droop curve
moves up or down, without changing its slope, thus changing
the rate of power charge or discharge of the battery. Similarly
the reactive power flow is controlled with the voltage droop
curve.

During the transition from grid-connected to island. the PCS
remains connected, operating as a voltage source, even if the
voltage and/or frequency are outside normal operation limits.
The transient recovery voltage period is typically within one
cycle, but may last several cycles depending on the
circumstances of the islanding process. During this time, the
PCS 1s constrained only by 1ts mternal current and power
limiting functions.

When the Microgrid is islanded. the CERTS algorithm
programmed m the PCS determines the appropriate battery
charge and discharge levels within the range established by the
frequency and voltage droop curves of the PCS [10].

During passive synchronization with the utility, the PCS is
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required to remain online even with a wider delta V and Delta
F synchronization window than traditionally used.

C. Capacitor Bank

The Jail currently has high reactive power demand due to
large rotating loads. This large reactive demand coupled with
the on-site renewable sources operafing near unity power
factor led to a low power factor at the utility point of common
coupling. Reactive power compensation would be needed in
order to avoid low power factor penalties on utility billing.
More importantly, according to a dynamic analysis study. the
Microgrid would not be able to island successfully without
another reactive power source supplying the rotating
equipment. An economic analysis revealed that a capacitor
bank was the preferred alternative for supplying the reactive
power needs compared to increasing in the PCS MVA rating.
A 900-kVAR capacitor bank was installed to provide the
remaining reactive power to allow the Microgrid to island.

D. Static Disconnect Switch

A static disconnect switch (SDS) was installed between the
utility and Microgrid to allow for very fast islanding and
autonomous operation of the Microgrid. There are voltage and
current transformers on the line and load sides of the SDS to
constantly detect the voltage and frequency of both the utility
and Microgrid systems. These measurements allow the system
to island during power failures or power quality events
exhibited by the urtility. The SDS operates within a quarter
cycle on the order of 4 to 10 milliseconds. Disconmection and
islanding from the utility are fast enough that any utility
events go undetected by the inverter sources in the Microgrid.
TABLEI
Protection Settings for the Static Disconnect Switch

Protective Function Device Design Range Implemented Value
Overvoltage 105-115% 115%, 10ms (Fast)

110%, 2ms (Instant=ous
Undervoltage 95 - 80% 80%, 10ms (Fast)

50%., 3ms ( )
Overfrequency 60.1 - 63 Hz 60 SHz, 0.5ms
Underfrequency 59.9—57 Hz 59.5Hz. 0.5ms
Directional Overcurrent 0 - 500% 130%, 60 see

The SDS is rated 12.47 KV, 60 HZ, three-phase, with a BIL of
95 kV. for use on a 4—wire solidly grounded system. It has a
contimuous and load interrupting rating of 300A and an
overload rating of 375A (125%) for 120 seconds. The unit
thyristor valves have the capability to withstand the surge
current of 35 kA for one cycle and 8kA RMS symmetrical for
fifteen (15) cycles. It was designed to operate with N+2
redundancy on the thyristor valve devices. This allows the
SDS to operate with two thyristor levels shorted out. The
overall efficiency is 99% or greater.

The SDS contains islanding and synchronization functions
compatible with CERTS protocols. This requires passive

synchronization, without the need for external signals for
1slanding or synchronizing.

Islanding operations are ftriggered by overvoltage,
undervoltage. overfrequency. and underfrequency. There is
also directional overcurrent, with current flowing towards the
utility grid. required by the utility, programed in the external
protective relay that frips the main 12kV utility breaker. These
functions are coordinated with revised overvoltage.
undervoltage. overfrequency and underfrequency settings in
the fuel cell inverters and PV inverters to ensure that all
renewable generation stays online following and islanding
transient. The protective setting ranges and implemented
values for islanding are listed in Table .

This SDS was installed m conjunction with bypass and
1solation switchgear to allow for servicing of the unit and
shutdown in case of any failures.

E. Diesel Generator Upgrade

Santa Rita Jail currently has two 1.2-MW backup diesel
generators. These diesel generators would operate only when
there was a utility power outage. As part of the Microgrid, the
generators are now operated to charge the battery if the battery
has a low state of charge when islanded or if the Microgrid
fails. This significantly reduces the operation time of the
diesel generators.. The old speed and voltage controls of the
diesel generators were isochronous. meaning thev maintained
a constant frequency and voltage over any real and reactive
power output, within the generators’ rated capacity. The
controls were modified and upgraded to be CERTS-compliant.
CERTS compliant means allowing voltage and frequency
droop operation, similar to the operation mode used when
operating diesel generators synchromzed with the utility grid.
Since controllers to operate reciprocating engine-generators
synchronized to the utility grid are readily available, off-the-
shelf generator control equipment was used for the diesel
generator control upgrades, avoiding the need for costly
special-design equipment. This 1s one of the advantages of
using CERTS: it sumplifies the ntegration of renewable or
large-scale energy storage equipment with conventional
generaton.

The Santa Rita Jail backup diesel generators are not permitted
by air quality regulations to operate when utility power is
available. When the microgrid islands due to a utility outage
and the diesel generators are called into operation, the
generators synchromize with the microgrnid and operate in
voltage and frequency droop mode (CERTS mode). In this
mode of operation. the kW output of the diesel generators are
controlled by biasing the frequency droop curve, without
changing its slope. until the desired kW output 1s achieved.
Again, this is similar to the strategy used to control kW output
of conventional generators when operating synchronized to the
utility grid. To minimize the operating hows of diesel
generators during a sustained utility outage, the diesel
generators are only called into operation when needed: that is
when the battery state of charge reaches a minimum island-
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operation set-point. In addition, when operating in parallel
with the microgrid, the kW output of the diesel generators is
set to operate close to its rated output, where the operation is
most efficient. However, by operating below rated output,
there is margin in the output for the diesel generators to share
frequency and voltage control functions with the battery per
their respective voltage and frequency droop curves. The
generators transition back to isochronous control in the event
the Microgrid is not operational; that is when the battery is out
service. In this case, the system operates just like a traditional
backup generation system, the utility power outage would
cause a brief power outage in the facility, followed by
1sochronous operation of the backup diesel generators.

FE. Energy Management System

A centralized control system was mstalled at Santa Rita Jail to
optimize the use of the on-site generation sources when grid-
connected based on the applicable utility energy rates [11-12].
This system monitors power flow at various points to
determine system loads and available generation. The EMS
controls the flow of power across the Point of Common
Coupling (PCC). Depending on the actual time-of-use rate
(in this project they are peak, partial peak, and off-peak) the
EMS will determine its control strategy. For example,
during off-peak the system’s goal is to charge the battery to

a maximum SOC while not setting a new demand peak. The
calculation parameters, which are utilized in an algorithm,
include predicted average demand load, the available
discharge energy from the battery, and the required average
charge of the battery. The power flow at the PCC is
determined as a function of tariff rate structure, predicted
generation profiles, and historical load profiles. Thus the
EMS gives the battery extra functionality to reduce
operating costs while still maintaining high system integrity
and reliability.

G. Systems Studies

Extensive system studies where performed to better
understand the dynamic response of the microgrid. A PSLF
model of the Santa Rita Jail system, that included the
dynamic models of the battery system, the diesel generators
and rotating loads, was completed. The PSLF model also
included a thyristor-based switch at the PCC (modeled as a
switching element able to respond in 10 milliseconds) and
elements of the system that do not have a dynamic response
to changes in voltage an frequency like the capacitor banks,
the fuel cell, the photovoltaic systems, cables, static loads,
etc. See figure 1. The PSLF model was verified with
dynamic response tests performed during the PCS factory
acceptance test and during commissioning fests at the Santa
Rita Jail site.

As an example consider the transient when the two diesel
generators are introduced to charge the storage system while
in island operation. In this case the storage autonomously
moves from maximum output of 2 MW to charging while
increasing the island’s frequency by approximately 1/4 Hz.

5

The top two plots in Figure 2 show the real and reactive power
for the storage system, the pv, the fuel cell, the capacitor bank
and the diesels. The lower two plots are phase-a current and
voltage waveforms for the diesels and storage inverter. Before
the diesels are introduced the storage is discharging at 2 MW.
At time = 0 seconds the generators are connected. Omnce
connected, the power-transition between the battery and the
generators occurs over approximately one second. The power
oscillations seen here are a result of a non-zero load-angle
during synchronization. The inertia of the diesel results i
power fluctuations as the power accelerates and decelerates as
a function of the position, resulting in a classical second-order
response.

The synchronization process is evident from the relative
blurring of the voltage waveform prior to t=0 and subsequent
alignment of the voltage waveforms after synchronization.
The power increase from the gensets and the subsequent
reversal of power flow from the storage system is also evident
in these figures. These voltage wave forms also demonstrate
the robustness of the voltage controller during this event.
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Figure 2. Simulation of Starting Generators while Islanded

V. CoMMISSIONING TEST AND LESSONS LEARNED

A. PCS Factory Acceptance Test

To ensure successful commissioning at the site, a complete
test of the CERTS functions of the PCS was performed at the
factory before shipping. This factory acceptance test included
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both island and grid-connected operation i1 CERTS mode. In
island operation, the PCS operated alone with a real and
reactive power load bank and i parallel with a diesel
generator operating in voltage and frequency droop mode. The
simplicity of integrating CERTS-capable inverters with other
resources operating m voltage and frequency droop was
apparent at the factory acceptance test. An off-the-shelf diesel
generator was integrated easily with a CERTS-capable
inverter. There were no complications other than appropriately
setting the droop voltage in the voltage regulator and the
droop frequency i the engine govemor. During the factory
acceptance test. the two sources appropriately shared real and
reactive power with no communication lines between the two.
The speed at which the PCS adjusts its real and reactive power
output on islanding also was verified. within 20 milliseconds
for both real and reactive power. The CERTS protocol allows
seamless islanding because of the ability of a CERTS-capable
inverter to change its real and reactive power output upon
sensing frequency and voltage variations at ifs terminals.
Seamless island tests without communication between the
utility interconnection breaker and the PCS were demonstrated
at the factory acceptance test, even when the PCS was
required to change from discharge to charge mode or vice
versa (1.e.. from positive to negative real power flow).

B. Site Acceptance Test

The system also had to be tested at the site with all of the
existing distributed energy resowrces and the SDS. Once the
PCS and the battery enclosures were installed and integrated.
1sland tests of the battery system and the fuel cell with a load
bank were completed without including the facility load.
However, these tests did not yet include parallel operation of
the Santa Rita Jail diesel backup generation system. Once the
battery had demonstrated reliable grid-connected operation
and island operation with the fuel cell and load bank. a whole-
facility 1sland test was scheduled. Tlus whole-facility island
test had to be witnessed by Pacific Gas and Electric (PG&E).
the local electric utility, as part of the utility’s routine pre-
parallel inspection process, which any conventional generator
has to complete. At that point all of the protective functions
required by PG&E were successfully demonstrated and Santa
Rita Jail was seamlessly islanded and resynchronized with
PG&E for the first time. Only after this had been completed
could island operation of the battery, in parallel with the
facility diesel backup generation system, be tested. The
controls of the diesel backup generation systems had
previously been modified to allow voltage and frequency
droop operation. The diesel generators with their modified
controls were tested and appropriate real and reactive power
sharmg was demonstrated. Tlus was done at different transient
conditions that included battery discharging and charging
using diesel generator power.

C. Lessons Learned

Utilities are not vet very tamiliar with the nse of static
disconnect switches as a discomnection device at the point of
common coupling (PCC). Until SDSs become more common
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and standards for their use as a PCC disconnection device are
developed, conventional equipment must be used to satisfy
utility nterconnection requirements. In the Santa Rita Jail
Microgrid case, a standard 12-kV vacuum breaker and
conventional utility-grade protective relays were used
upstream from the SDS. Since the SDS operates much faster
than conventional equipment in the islanding process (in 8
milliseconds or less). the conventional equipment only
operates m the event of SDS failure or when the SDS is out of
service and bypassed. In the resynchronization process, after
the electric utility restores service, the SDS synchronization
function 1s supervised by a conventional sync-check relay
(device 25).

On the battery side, the integration of the battery enclosures
and PCS has to be carefully managed. The Battery
Management System (BMS) that manages and monitors the
condition of the batteries in the battery enclosures needs to
conmmunicate with the PCS to report state of charge (SOC).
charge and discharge limits. malfunctions. alarms. ete. It may
be a challenge to achieve reliable communication in the noisy
environment created by fast switching power electronics.
Also. accurate SOC reporting is key in a battery system that is
charged and discharged daily for rate arbitrage. but also needs
to leave energy available for power quality functions.

In a Microgrid system that has so many functions. an
overarching control system such as the one employed on this
project is an important component. The Energy Management
System has different priorities depending on the system
operating mode. In grid-connected operation, EMS controls
minimize electric power costs while ensuring that enough
energy is available in the battery for the power quality
functions. In 1sland operation, EMS controls maximize
reliability, starting the diesel generators at low SOC and
shedding generation as appropriate at high SOC. This is done
with the purpose of keeping the battery continuously operating
with safe margins in island mode. EMS also has an archive
system that records a variety of information. including energy
consumption by feeder. real and reactive power flow. power
quality monitoring, battery condition, etc. This archive system
has proven to be an important tool in improving the system
performance. After reviewing archived information, the
settings that control grid-connected and island operation were
adjusted to improve the benefit the battery provides to the
facility. There 1s still much to be learned about maximizing the
benefit that a battery system can provide. The EMS archive
system will continue to provide information to support
additional improvements.

As was expected, the CERTS protocol simplified the
mntegration of conventional generation equipment with the
large-scale energy storage system. This is becanse the CERTS
protocol actually does not require any communications
between the large-scale energy storage system and the
conventional generation equipment, as long as the large-scale
energy storage system follows the CERTS protocol and the



conventional generation equipment operates in droop mode.
The voltage and the frequency at the terminals of the
equipment provide all the communications required for the
system to operate and share real and reactive power between
conventional generation and the large-scale energy storage
system appropriately.  This characteristic of the CERTS
protocol not only adds simplicity, but also improves
reliability. When function beyond simple sharing of real and
reactive power are require, like charging or discharging of the
large-scale energy storage system at a certain level, at a certain
time, these are achieved with simple programming and low
speed communication befween off-the-shelf designed to
control conventional generation that needs to be part of the
generation system anyway. This results in lower integration
cost and lower communication/control hardware and software
cost compared to systems that do not use the CERTS protocol
and droop operation, and require soplusticated. high-speed
communications among the different elements of the systen.

VI. NEXT STEPS

The commissioning test results and system performance
monitoring will outline the path forward to further enhancing
the CERTS Microgrid operation.

A new load-shedding system will be installed. In Microgrid
island mode. the new scheme will have traditional frequency-
based shedding. It also will have the ability to control the load
and solar photovoltaic. fuel cell. and diesel generation by
shedding and adding based on the battery state of charge. In
grid-connected mode, the system has the ability to accept an
external load curtailment command as a part of a utility
demand-side management programni.

Future analysis of the battery performance will help in refining
operational set points. The current maximum and minimum
battery SOC limits used in the grid-connected dispatch
algorithm leave a margin of capacity to account for the
difference between the predicted and real-time load and
generation profiles. plus leave spare capacity to be used in the
event of a utility power outage. Refining these values will

further optimize battery usage.

The CERTS Microgrid also has the potential to support the
grid with ancillary services. The mcreasingly high penetration
of renewable power such as solar photovoltaic and wind put
the grid at risk of sudden and unpredictable power fluctuations
due to shifts in weather conditions. The Independent System
Operator (ISO) is looking for fast-ramping sources such as
batteries that can provide frequency regulation to help increase
the stability of the grid.

VII. CoNCLUSIONS

The CERTS protocol has proven to be a powerful tool for
integrating distributed energy resources. This first became
apparent at the PCS factory acceptance test and later on-site
during comunissioning and operation of the system. Only
minor modifications in the existing diesel backup generation
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systems were needed to allow it to operate in parallel with the
CERTS-capable battery.

Until SDSs are more common and standards are further
developed for their use as PCC disconnection devices,
conventional equipment like electromechanical breakers and
conventional protective relays will continue to be used to
satisfy utility interconnection requirements for Microgrids.

Even when CERTS-capable distributed energy resources can
operate without necessarily having communication among
them. an overarching control system like EMS is necessary to
maximize the benefit of a battery system. EMS should include
an archive system to provide the information needed to make
continued improvenents on the system.

The accurate data supplied by the battery management system
provides information needed by EMS to adequately manage
the battery system. This becomes more important in a battery
system that is charged and discharged daily.

To improve the reliability of the Microgrid during island
operation, especially at high and low battery state of charge, a
load and generation shedding scheme should be considered. It
is critical to keeping the battery operating with safe margins
and to ensure the reliability of the Microgrid island operation.

VIII. APPENDIX A — EQUIPMENT SUMMARY

Equi Rating Microgrid Function

Static 12.47kV, 300A Separate from grid upon disturbance

Disconnect

Switch

Capacitor 1247KV, 900KVAR Provide reactive power during grid

Bank connected and 1sland operations

Battery = PCS | Battery — 2MW, 4MWh | Support transition from grid connected

PCS - IMW, 2 SMVA to 1sland; reduce facility peak demand

and energy usage

Diesel (2) 1.2MW Support 1sland operation when battery

Generator is at low state-of-charge

Fuel Cell IMW Supply power to factlity in gnd
connected and island operation

Solar PV 12MW Supply power to facility in gnd
connected and island operation
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APPENDIX C:
LBNL: Integration & Operation of a Microgrid at Santa
Rita Jail
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Integration & Operation of a Microgrid at Santa Rita Jail

Team: Nicholas DeForest, Judy Lai, Michael Stadler, Gongalo Mendes, Chris Marmnay & Jon Denadee
Project Partners: Lawrence Berkeley National Laboratory, Chevron Energy Solutions & Alameda County

Introduction

Santa Rita Jail is 8 4,500 inmale tacifty located in Dubln CA, approximately 40 miles (65 km) east
of San Francisco. Over the pasl decade, a series of Distribuled Energy Resources (DER)
instaliations and efficiency measures have been undertaken fo ransform the IMW facilty into &
*Green Jair. These include & 1.2MW rated foofiop PV system instalied in 2002, a 1MW malten
earbonate fuel cell with CHP, and rerofits 1o lighting and HVAC systems 1o reduce peak loads. With
the upcoming installation of a large-scale battery and fast static disconnect switch, Santa Rita Jail
will become a true microgrid, with full CERTS Microgrid funclionaiity. Consequenty, the jail will be:
able to seamiessly desconnect from the grid and operale as an island in the event of a disturbance,
reconnecting again once the disturbance has dissipated. The extent 1o which that jad is capable of

Tariff Structure

Santa Rita Jail currently purchases

charges
the day, with “off-peak”, “part-peak” and “max-peak” periods. There

demand. memm:munﬁqulm here is strong incentive to

b

2009 monthly ¥

,.r.r.,w
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its eleciricity under PGAE's E-20 taniff. The tanfl (Table 1) empioys time of use (TOU)
for energy and power demand. TOU rales vary both by month, with “summer” and “winter”

periods, as well as hour of
is an additional charge for the maximum monthly power
push electricity purchases off-peak. (see

are given in Figure 1, by power and energy charges.
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specifications of the mwmmuemnlbmnmmﬂ
these tasks. The jail has considered two battery lechnologies recently, and while
this decision is nol based entitely on economics, such a comparson has been
‘conducted hefe to demansirate how well each fit this specific microgrd application.
Assumptions for battery specifications are outlined in Table 2.
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