
Sustainable Integrated Grid Initiative (SIGI): 
Technical and Economic Challenges of Integrating Renewable Energy, 

Electric Vehicle Charging and Battery Energy Storage in a Modern Grid

Dr. Sadrul Ula

University of California-Riverside

Winston Chung Global Energy Center

College of Engineering-

Center for Environmental Research and Technology

sula@cert.ucr.edu; 951 781 5676

October 16, 2014

The International Cost Estimating and Analysis Association (ICEAA)

Southern California Chapter

September 9, 2015

mailto:sula@cert.ucr.edu


Research Motivation

• Solar PV and wind energy are intermittent

• More value if dispatchable when needed

• Electrical energy storage challenge with old battery 

technologies – slow charging & no deep cycling

• New rare earth Lithium-ion battery can handle very 

quick charging and many cycles 

• Electric vehicles creating new demands on the grid

• Need smart grid technologies to overcome 

distribution disturbances, additional harmonics

• Need a test bed to further study



Sustainable Integrated Grid Initiative (SIGI): 
Integrating Photovoltaics, Energy Storage, and a Local Utility 

for Electric Transportation
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UCR Lot 30 EV

UCR Lot 1 EV

UCR Lot 15 EV

CE-CERT/Bourns, Inc.

BCOE WCH

Solar PV

3.5 MW UCR West Campus 

0.5 MW CE-CERT

Battery Storage 

1.08 MWh BCOE WCH

1.08 MWh CE-CERT/Bourns, Inc.

EV Chargers (green)

UCR West Campus

UC Riverside Solar, Battery Energy Storage and EV Charging System



1.1 MWh Lithium-ion battery at UCR



Stationary Battery System 500kWh



SIGI Mobile Battery Energy Storage Trailer

• 500 kWh storage

• 100 kW on board 

inverter/charger

• 480 V 3-phase plug in 

for charging and delivery

• 144 Lithium batteries 

each weighing 77 lbs

• 8’x24’ triple axle trailer



UCR Battery Testbed



Grid-tied Battery Inverter: 100kW



CE-CERT APL Building Electrical Layout 

1086 Columbia 



Solar PV Inverters: 2x100kW & 260kW





California’s Duck Curve
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26 Level-2 chargers placed 

all throughout the city of 

Riverside, the chargers will 

service fleet and private 

vehicles

Level-3 chargers will be 

installed in the Fall of 2014 

and service the electric 

trolley and other fast 

charging vehicles

EV Chargers
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EV Demand / Building Peak Supplied by Battery Energy Storage







SIGI helps RPU ride through peak historic demand

• As triple digit temperatures continued to heat up Southern 

California to start the work week, Riverside Public Utilities 

(RPU) reached a new all-time high of electrical energy 

provided to its customers surpassing 610 megawatts (MW). 

• Monday September 15, 2014's peak surpasses the utility's 

previous one day all-time total for energy used which occurred 

on August 30, 2007 when RPU provided more than 609 MW 

(one megawatt is enough energy for about 650 homes).

• In response to an appeal by RPU to conserve electrical 

energy, UCR officials requested faculty, staff and students to 

take actions to help reduce electricity use, specially between 

2 pm to 5 pm. 
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09/19/2014 - CAEE Building - Power Usage

CAEE Building Solar Inverter 3 Battery System

CE-CERT CAEE 

building energy 

use after savings 

actions: -90kW

CE-CERT CAEE 

building nominal 

energy use: 225kW

CE-CERT CAEE 

solar diverted to 

grid: 75kW

CE-CERT CAEE building 

batteries switched from charging 

to discharging to grid: net 

200kW

Non-essential air 

handlers curtailed: 

40kW
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09/19/2014 - CAEE Buildings - Power Usage

CAEE Building Solar Inverter 3 Battery System

Delivered power to the 

grid for three hours

Start of UCR SIGI 

control actions

Solar production 

decreasing

End of UCR SIGI 

control actions



SIGI helps RPU during peak historic demand

September 19, 2014:

• Triple digit temperatures lead to Riverside Public Utilities 

(RPU) reaching a new all-time high electricity demand of 

610 megawatts (MW). 

• RPU send out an appeal to larger customers to conserve 

electrical energy, specifically between 2 pm to 5 pm. 

• CE-CERT’s Sustainable Integrated Grid Initiative (SIGI) 

Testbed provided the flexibility to not only curtail nominal 

power consumption of 365kW, but provide 225kW back to 

the grid, resulting in a 590kW swing for three hours

• CE-CERT CAEE building net energy savings: 315kW

• CE-CERT admin building net energy savings: 95kW

• CE-CERT APL building net energy savings: 180kW



Application of Battery Energy Storage for Demand Reduction
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Peak Demand

2012= 102 kW

2013= 106 kW

***SIGI Installed***

2014 = 12 kW

(Monthly Cost Savings ~$1,000 

In RPU Territory; ~$2,500 in SCE)

Results from a 500 kWh, 100 kW lithium-

ion Winston Battery System  
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One-Day Experiment with Three Different 
Time Periods Control Algorithms

Off-Peak Mid-Peak On-Peak Mid-Peak

Outline
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Cost Analysis
Comparisons Between Different System Architectures

System Comparison Energy kWh 

Savings($) 

Load Demand Savings($) Total 

($) On-Peak Mid-Peak Off-Peak 

Real vs. Schedule 209.65 105.92 17.24   6.19 339.00 

Real vs. No Battery 104.38 381.12 17.24 -33.10 469.64 

Real vs. No PV or Battery 1182.82 584.56 126.26 -27.21 1866.43 

 June 2015 Electricity Cost Comparison for Different System Architectures

Different Situation Energy kWh 

Savings($) 

Load Demand Savings($) Total 

($) On-Peak Mid-Peak Off-Peak 

Real vs. Schedule 84.26 59.5 0 14.6 158.36 

Real vs. No Battery 97.44 472.3 24.84 -24.7 594.58 

Real vs. No PV or Battery 953.7 585.65 115.44 -24.7 1630.09 

 May 2015 Electricity Cost Comparison for Different System Architectures

Real refers to real-time control algorithm
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Demand Comparisons
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B1200 On-Peak Demand in Electricity Bill
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Do We Understand Our Electric 
Bills?

…………………………

Which Unit is Time Dependent: 
kilo-Watt (kW) or kilo-Watt hour (kWh)?
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Do We Understand Our Electric 
Bills?

1 in 10 of us?

…………………………

Which Unit is Time Dependent: 
kilo-Watt (kW) or kilo-Watt hour (kWh)?

Watt = Joules/second: kW is time dependent
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Anaheim Public Utilities Rate Schedule
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Anaheim Public Utilities Details of Electric Charges 
6/22/15 – 8/19/15 
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Electricity Charge for Anaheim Public Utilities Customers
$384 Present Use
6/22/2015 – 8/19/2015
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Electricity Charge for Anaheim Public Utilities Customers
$74 With 100% Energy Coming From Solar

6/22/2015 – 8/19/2015
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Rate Schedule for Customers with Max Demand of over 1000 kW



38

Definition of Time Periods for PG&E
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Electricity Charge for a PG&E Industrial Customer
$60,632 Present Use
5/21/2015 – 6/19/2015 
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Electricity Charge for a PG&E Industrial Customer
$29,198 With 100% Energy Coming From Solar

5/21/2015 – 6/19/2015 



Conclusions

• Solar and wind energy are intermittent

• Dispatch-able electricity require storage

• New Lithium batteries offer opportunities

• EV charging strains power distribution system

• UCR’s Sustainable Integrated Grid Initiative 
(SIGI) test-bed offer plug and play capabilities 

• Testing and validation results give confidence 
to electric utilities for rapid adoption

• UCR’s researchers and students offer electrical 
efficiency studies, analysis and help with new 
technology adoption to industries



Thank you

Questions?
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