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Problem

❖ Need to manage the burden that natural disasters like 
wild fire place on SCE as a utility

❖ Maximize the penetration of renewable-energy-based 
generation 



SLIDESMANIA.COM
SLIDESMANIA.COM

Intro: Project Background
❖ Resilience- the ability to adapt to changing conditions and to 

withstand and recover rapidly from disruption

❖ Microgrid- (energy source grid) The United States Department of 

Energy (USDOE) defines the microgrid as ‘‘a group of 

interconnected loads and distributed energy resources within 

clearly defined electrical boundaries that acts as a single 

controllable entity with respect to the grid. 

❖ Microgrid has 3 operational methods it can function

➢ Non-operational 

➢ Operational in Parallel 

➢ Operational in Island

✧ What is a Microgrid?

Independent, Local, Intelligent 

Resilient
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Microgrid
❖ Distributed Energy Resources 

(DER)- is any resource on the 

distribution system that produces 

electricity

➢ Photovoltaic (PV)

➢ Maximum Power Point Tracking 

MPPT

➢ Battery Storage

➢ Wind Turbines

➢ Diesel Generators
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Project Goal
❖ Develop a microgrid system that will have the 

ability to operate independently of the grid in 

order to  sustain the electrical demand in case of 

major grid failures that may result from natural 

disasters for our customer SCE.
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Project Scope
❖ To  determine the upgrades needed for the existing circuit 

❖ Size the Distributed Energy Resources (DERs) to sustain customer load for a prolonged outages
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Project Organization 
Michael 
Thornburn
(Director)

Christopher 
Barrios

(Sizing PV) 

Matthew 
Gomez

(Testing 
Battery 

Storage) 

Arlene C. 
(ETAP 

Relocating 
Generation ) 

Abderrahmane 
Elandaloussi

(Liaison) 
Luis Rosales

(Team Leader:
Upgrading                            

system) 

Masood 
Shaverdi
(Advisor) 

William 
Portillo
(Sizing 

Battery ) 
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Schedule 
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Requirements
Functional:

❖ Shall utilize IEEE 13 Node Test Feeder model as a base for the microgrid system.

❖ Shall supply demand using a photovoltaic (PV) with battery storage system.

❖ Shall use peak load data in order to properly size generation.

❖ Microgrid system must be able to operate in “island mode”, meaning it should be able to sustain the load 

while isolated from the grid.

Performance:

❖ Bus voltages must not deviate by more than 2.5% from their nominal value.

❖ Conductors must not be overloaded beyond 100 percent of their maximum current limit.

❖ System  shall have  a resiliency of  4 hours 

❖ Bus frequencies shall not deviate by more than 5% of the nominal value (60 Hz) 
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Deliverables 
❖ 13 Bus Test Feeder Model

➢ Peak load forecast

❖ Simulink Models
➢ Inverter

➢ PV standalone

➢ Boost converter standalone

➢  PV with MPPT

➢ Lookup tables

❖ ETAP

➢ Relocate PV source

➢ Loadscaling 

➢ Battery storage testing
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 13-Bus Feeder Model
❖ Operates at 4.16KV, highly loaded, voltage regulator, transformer, 

underground & overhead lines, and shunt capacitors

Simulink ModelLine Diagram



SLIDESMANIA.COM
SLIDESMANIA.COM

Peak Load Forecast 

● Projected load data for 2030
● Peak demand is on July 7, 

2030 and will occur  at about 
4:00 p.m. (Approx. 552 kW)

● Assume an initial PV sizing of 
650 kW.
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Simulink
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Inverter With DC Source
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Detailed Inverter Model

• Two-stage, three- 
phase inverter 

• Six IGBTs are used 
as switches. 

• Each IGBT has a 
switching signal 
which turns the 
IGBT off or on. 

• LC low-pass filter 
filters out high 
frequencies of 
switching voltages.
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Active and Reactive Power Controller
• Active and 

reactive power 
reference

• Voltage reference 
is created from 
phase voltages

• Current 
reference is 
calculated and 
passed through 
current control 
loop.
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PWM Controller
• Takes output current 

references from 
control loop.

• Compares with a 
sawtooth signal. 
Whenever current is 
greater than the 
amplitude of the 
sawtooth wave, 
output of comparator 
will be 1, or high and 
vice versa.
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Unfiltered Output Voltage
• Modified square wave

• High frequency 
harmonics/distortion

• Could lead to 
equipment damage. 
Filtering is needed to 
reduce distortion
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Filtered Inverter Output (Phase A)

• Low-pass filter blocks high 
frequencies and passes the 
low frequency voltage and 
current waveforms.

• Output frequency is 60 Hz, so 
phase-locked loop is 
functioning properly.
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PV Diagram
❖ Single diode model
❖ Output of PV factors: solar irradiance, 

temperature, shadow, and dirt
❖ To calculate current (I)

❖ Isc: short circuit current, Io: saturation current, 
ą: the diode ideality, Vt: thermal voltage of array, 
Rs & Rsh are series and shunt resistors of array, 
Ns: series connected cell, T: temperature of PN 
junction, K is Boltzman constant, q is charge of 
electron
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Simulink: PV Source

❖ PV block 
❖ Under the mask
❖ Observe voltage & current 

output
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Simulink: PV Standalone

❖ Inputs- irradiance:1000 & 
Temperature: 25

❖ Output voltage 343.8 V
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Boost Converter Diagram

❖ Takes an input voltage and 
increases it

❖ Contains an Inductor, 
semiconductor switch, diode, 
capacitor 
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How a Boost Converter Works

Step 1: 
❖ Nothing occurs capacitor is charges by 

Input voltage minus the diode drop

Step 2:
❖ Switch on. Current diverted through 

IGBT through inductor. 
❖ Output capacitor stays charge
❖ Magnetic field builds up around 

inductor.
❖ Inductor has a polarity voltage charge

Step 1

Step 2
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How a Boost Converter Works

Step 3: 
❖ IGBT is turn off. Inductor current 

stops. 
❖ Inductor generates a large 

voltage with opposite polarity of 
the voltage

❖ Inductor acts as a voltage source 
which is in series with the supply 
voltage source

❖ Capacitor is charge is larger 
voltage now

Step 3
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Simulink: Boost Converter Standalone

Formulas: 
❖ Output voltage Vo=(vin)(1/(1-D))
❖ Duty ratio D=(W/T) 
❖ Capacitor

❖ Inductor

Period (secs) Durty Ratio (%) Inductor (H) Capacitor (F) Load (ohms) DC Source: Input voltage
Boost Converter: Output 
voltage

0.0002 58.3 1.45E-03 3.23E-03 2 250 V 599V
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Output Voltage of Boost Converter



SLIDESMANIA.COM

PV and Boost connected

❖ Input Voltage: 198V
❖ Output Input: 453.23V
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Output Voltage of Boost Converter
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MPPT Code & Graph ● MPPT are used to increase or maximize the output power in 
a Photovoltaic system.

● MPPT is an algorithm implemented in PV inverters to 
continuously adjust the impedance seen by the solar array 
to keep the PV system operating at the peak power of the 
PV panel.

● The algorithm helps control the voltage to ensure that the 
system operates at “maximum power point” on the power 
voltage curve.
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Simulink: PV System with MPPT
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I-V Curves & P-V Curves
❖ Top Curve- irradiance: 1000 & power: 101kW
❖ Middle Curve- irradiance: 500 & power: 50kW
❖ Bottom Curve- irradiance:100 & power: 9.5KW
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Simulation of MPPT
Input of irradiance:

❖ Sec: 0-1, P:60kW 

❖ Sec:1-2, P: 101kW

❖ Sec:1.8-2.2, P:50kW

❖ Sec:2.2-3.1, P:9.5kW

❖ Sec:4-10, P: 101kW
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Load Lookup Table 

Yellow : Active Power (P)
Blue: Reactive Power (Q)
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GHI Look up table 

❖ Yearly GHI lookup table data

➢ GHI & Temp

➢ Calculate PV peak to gain power

➢ Peak varies on hour of the day
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PV Peak in the Summer for 1 Day
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PV With Inverter System
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Projected PV Output 7/7/2030
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Electric Load Percentages

❖ Electric Load Pattern: Residential, Commercial, Industrial, Other 
Demand by NREL
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SAM

System Advisor Model (SAM)

SAM can simulate theoretical 
situation to determine the best 
sizing, peaks, energy, etc., 
throughout the year 
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SAM
After running the software we have the 
choice to send it to EXCEL and sort it.

Battery BankSize (KWH) Battery Bank Power (KW) Desire Size (KW) DC Net Present Value
600 600 600 326,051
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ETAP
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IEEE 13 Bus Feeder
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IEEE 13 Bus Feeder Alert View
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ETAP Case: 5pm 
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ETAP Case: 5pm Alert View
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ETAP Case: 5 P.M. Load Scaling by 1.5
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ETAP Case: 5 P.M. Alert View Load Scaling by 1.5
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ETAP Case: 5pm Load Scale by 1.6
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ETAP: 5pm Load Scaling by 1.6
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ETAP: Relocate PV-12pm
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ETAP: Split PV-12PM BUS 632
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Losses: Split PV-BUS 632
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Splitting PV:650kW Bus 1 at 12 P.M.
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ETAP:Splitting PV 12 P.M. Alert View Analysis
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Battery Storage Sizing
• Similar to PV sizing, except rating is in kWh instead of kW. The sizing study was performed using an 

initial size of 600 kWh.

• One source represents PV and models the projected generation. The other source is set to “swing” 
control mode and represents battery storage.

• “Battery storage” source will either absorb or inject power depending on the difference between 
supply and demand.
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ETAP 12pm Case (Total Demand: 327.05 kW)
• High GHI, therefore 

high PV production.

• Relatively lower 
demand, so there is 
excess power from PV.

• Excess energy is 
stored in the battery 
to be used later.
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ETAP 6pm Case
• Low output from PV

• Battery Storage is now 
outputting power to 
supply the remaining 
demand.
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ETAP 8pm Case
• All cases ran after 6pm 

have zero output from PV 
due to lack of GHI from 
the sun.

• Battery is forced to 
supply the demand on its 
own.
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Results of Battery Storage Testing
• For later hours, there is 

no PV production, but 
still significant demand 
from 6pm-9pm.

• To completely sustain 
demand with no PV 
production, we would 
need to double capacity 
of battery (600 
kWh->1200 kWh).

• This would give a 
resiliency of about 6 
hours
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Summary

❖ The following challenges have been a source of trouble for the team.

➢ Software difficulties

➢ Road bumps of changing routes

➢ Finishing strong as a unit

❖ We are pleased with the results of this project that we have put together even though the 

challenging  has put our backs against the wall. Through our analysis, we determined that 

a 650 kW PV source and battery storage with a capacity of 1200 kWh would completely 

sustain the demand for around 6 hours.


