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Clean Energy Storage — and Onions?

Introduction

What do onions and energy storage have in common? They are key ingredients in a well
engineered and creative renewable energy system. In December 2010, Prudent Energy
announced that it would install a 600-kilowatt Vanadium Redox Battery (VRB®) energy
storage system at one of the largest fresh-cut onion processing plants in the world. Gills
Onions, located in Oxnard, California, will use Prudent Energy’s patented VRB®
technology and know-how to reduce electricity costs and build on its award-winning
sustainable energy program, which serves as a model for the food industry.

Gills Onions

Gills Onions operates one of the largest, most innovative and sustainable fresh-cut
onion processing plants in the world. At their 14-acre processing facility in Oxnard,
more than 90,000 tons of yellow and red onions are peeled and processed annually
using proprietary equipment and processes to deliver premium fresh-cut onions to
industrial, foodservice, retail and consumer markets.

According to Gills, “Innovation and technology is in our DNA”. They were asked by La
Victoria® Salsa to figure out a way to provide large quantities of high-quality, fresh-cut
onions when no automated equipment or processes existed. With a typical farmer's
"can do" attitude, Steve and David Gill developed a system in 1983 to peel, slice, dice,
and deliver the first fresh-cut onions in the food processing industry.

Waste to Energy

In 2009, Gills became the first food processing facility in the world to produce ultra-
clean energy from the unusable portion of the fresh-cut onions — converting 100% of
their daily onion waste (up to 300,000 pounds) into renewable energy and cattle feed,
reducing greenhouse gas (GHG) emissions, and saving in annual electricity costs.

The Advanced Energy Recovery System (AERS) that went into operation in July 2009
converts all of the daily onion waste into a combination of renewable energy and cattle
feed. The AERS eliminates the formerly labor intensive and expensive process of hauling
onion waste to farm fields, where it was worked into the soil. Environmental benefits
extend to the local community, the state of California and beyond, with profound
implications for agricultural food processors around the globe.
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The new system extracts the juice from the onion peels and treats it in a high-rate
anaerobic reactor to produce methane-rich biogas that powers two 300-kilowatt fuel
cells. The resulting electricity is used to power the onion processing plant, saving an
estimated $700,000 annually in electrical costs. The remaining onion pulp becomes
valuable cattle feed without further processing.

Advanced Energy Recovery
System (AERS)

Diagram Courtesy of Gills Onions

Additional savings come from the elimination of $400,000 in annual costs associated
with hauling onion waste to farm fields. Greenhouse gas emissions are reduced through
the elimination of hundreds of truck trips on California roadways that moved this waste
stream each year. The result is increased energy independence, elimination of a
significant waste stream, reduced operational costs and a smaller carbon footprint. The
combination of the energy produced, cost savings generated, and grant funding for
renewable energy projects will result in a full payback of the $10.8 million total system
cost in less than six years.
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Energy Storage

Gills became interested in adding energy storage to the AERS for a number of reasons,
and committed to Prudent Energy’s Vanadium Redox Battery Energy Storage System
(VRB-ESS®) as the best solution for their application. Installing the VRB-ESS® alongside
the AERS will improve the efficiency of the system, provide clean back-up and
emergency power, and further reduce their electric costs.

Time of Use Rates

Gills Onions’ main motivation was the opportunity to reduce costs by shifting electricity
generation from off-peak to on-peak periods. The electric utility, Southern California
Edison (SCE), uses rate tariffs that increase the cost for energy during high use periods,
typically during a 6 hour period in the afternoon. Most of the electricity on the SCE
system is provided by power plants that operate around the clock, like nuclear and
combined cycle natural gas plants. As the load increases during the afternoon, SCE is
forced to call on more expensive generators, like simple cycle natural gas turbines. This
additional cost is passed through to the customer in Time of Use (TOU) rates.

Although Gills was generating its own electricity, the company still depended on SCE for
additional energy beyond what was produced by the fuel cells. In addition, electricity
usage at Gills tended to increase during the most expensive on-peak periods, which is
typical of many industrial customers. Therefore, by charging the energy storage system
at night, and then discharging that power during the afternoon, Gills reasoned they
would be able to reduce the cost of expensive on-peak power from SCE.

Demand Charges

SCE also has a demand charge that varies by TOU. Unlike the charge for energy, the kW
demand charge is assessed for the peak use during the month, as measured in 15
minute intervals. For example, the Gills plant may have a fairly steady power usage, as
would be typical for a 24 hour food processor, varying between 1,000 and 1,200 kW.
However, if a number of motors or compressors kicked on at once, the usage during the
15 minute period could spike, and the measured demand could increase by 300 to 500
kW. This short spike in power would then set the demand fermionth The demand
charge is also assessed based on time of use. For example, the on-peak demand could
be three times as high as the off-peak. Energy storage thus can be used to reduce these
spikes in demand — discharging as needed to compensate for additional power spikes.

© Prudent Energy Corporation. All rights reserved.
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Incentives

The State of California is encouraging the installation of certain types of energy storage
with cash rebates. California is a leader in renewable energy and has required their
regulated utilities, like SCE, to supply 33% of their electricity from renewable sources by
2020. However, the growth of intermittent renewables, like solar photovoltaic and wind
turbines, is causing significant problems for the transmission and distribution operators.
Energy storage is seen as one of the best solutions. As a result, substantial cash rebates
are available to energy storage systems meeting stringent criteria. Among other
requirements, the systems must be:

e Commercially available, and not just research or demonstration projects

e Able to charge and discharge electricity, multiple times per day as needed, to

follow customer load
e Able to provide at least 4 hours of continuous energy at rated capacity
e Warranted for 5 years

Prudent Energy and the VRB-ESS®

After researching alternatives for over a year, Gills Onions decided on the Vanadium
Redox Battery (VRB®) from Prudent Energy.! The VRB-ESS® is distinctive from other
energy storage systems in several respects, including the ability to charge and discharge
100% of its capacity, for almost an unlimited number of times without damage.

Technical Description

Prudent's “flow battery” is rechargeable — like a car or cell phone battery — but that's
where the similarities end. The VRB-ESS® is based on the company’s patented
regenerative fuel cell technology that converts chemical energy into electrical energy.
Unlike conventional batteries that store their reactive materials within the cells, a flow
battery stores energy-holding electrolyte in tanks, one for positive reactions and
another for negative.

! Prudent Energy Corporation, a Delaware corporation with its headquarters in Bethesda, Maryland, is a wholly owned

subsidiary of JD Holding, Inc., which in turn is owned by prominent U.S. venture capital firms and other leading venture
investors. In January 2009, Prudent Energy announced its acquisition of the assets of VRB Power Systems Inc. This
acquisition included the purchase of all patents, trademarks, know-how, equipment and most of the material owned or
controlled by VRB Power. As of September 2011, Prudent Energy has over 40 far-reaching patents worldwide
encompassing core cell stack designs, electrolyte composition, system designs, as well as several application patents
including use with wind farms, off-grid applications and smart grids. VRB®, VRB-ESS® and VRB ENERGY STORAGE
SYSTEM® are registered trademarks of JD Holding, Inc. JD Holding, Inc. is the owner of U.S. Patent Nos. 6,143,443,
6,468,688, 6,562,514, 7,078,123, 7,181,183, 7,184,903, 7,227,275, 7,265,456, 7,353,083, 7,389,189, 7,517,608 and
corresponding foreign patents. Additional patent rights are pending.
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The principle of the VRB® is shown in more detail below. Electrolytes are pumped
through “cell stacks” creating an electric current. The positive and negative electrolytes
do not actually mix together; a thin membrane separates them so that only selected
ions "flow" through the cells. Each stack consists of many cells, which in turn contain
two half-cells that are separated by the membrane. In the half-cells, electro-chemical
reactions occur on inert carbon felt electrodes to produce the current that charges or
discharges the battery. Ultra-light bipolar plates made from expanded graphite are also
used to allow for good electrical conductivity and chemical resistance. This “re-dox”
process is reversible, allowing the battery to be charged and discharged repeatedly.

Electrolyte Electrolyte
tank tank
. e Pt PNy
Electrolyte Regenerative Electrolyte

-

Concept of a Redox Flow Battery System

Prudent’s basic cell stacks are assembled like Lego® pieces to build half (100kW) and full
(200kW) VRB-ESS® modules as well as custom-sized systems. The 200kW modules are
then connected in parallel configurations to create MW-Class VRB-ESS® installations. As
a result, the size, quantity, and storage capacity of the VRB-ESS® can be configured in
highly flexible fashion, from a wunit as small as 5kW (primarily for the
telecommunications market) to utility-class systems of up to 10MW with long storage
durations of 2-10 hours.

© Prudent Energy Corporation. All rights reserved.
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Vanadium Electrolyte

Energy in a VRB-ESS® is a separate asset and does not deplete in the way energy is
normally depleted from other battery systems. Prudent’s system stores energy
chemically in different forms of a single element — Vanadium — in a proprietary
electrolytic mixture.> The Vanadium electrolyte is held in standard-size plastic storage
tanks. The storage tanks hold exactly the same liquid chemistries, so there is no cross-
contamination or rebalancing of the electrolyte. The electrolyte does not contain any
heavy metals like lead, nickel, zinc or cadmium. There is no environmental disposal
requirement. The electrolyte is not flammable. There are virtually no emissions from
the system. The entire system runs at low pressure and room temperature, anywhere
from 50 to 90 degrees Fahrenheit. And because the electrolyte doesn’t degrade, it is
reusable — an asset that retains its value for the owner.

Storage duration in a VRB-ESS® thus becomes simply a function of the amount of
electrolyte in the storage tanks. In other words, unlike Zinc-Bromine or Lithium-ion
batteries, a VRBESS® affords completely independent scaling of power (kW) and energy
(KWh) Sizing of the system can be tailored to a number of factors, such as the capacity

of the onsite renewable energy installation or duty cycle requirements.

Power Electronics and Controls

The Power Conversion System (PCS), which converts raw DC current into usable AC
current while charging and discharging the battery, is fully integrated into Prudent’s
system. All electrical components for any VRB-ESS® installed in the United States are UL
approved. The VRB-ESS® is also controlled by a Programmable Logic Controller (PLC)
and a Human Machine Interface (HMI) — essentially highly durable computers — that
offer a fully automated, remote Supervisory Control and Data Acquisition (SCADA)
system to control times and rates of system charging, and to receive real-time data on
electricity prices so as to maximize the economic use of the system.

Unlike any other type of storage system, the VRB-ESS® can operate at a known and
defined State of Charge (SOC), allowing the system instantaneously to ramp up and
down without any ill effect on life. This unique feature is essential for balancing power
where a fully charged battery can be used to absorb energy. SOC can be set and verified
at all times, on line. As a result, the VRB® is always onand can be cycled as many times
per day as required.

% vanadium is not scarce. It is a transition metal, which means it has the typical properties of metals, but in
addition high melting and boiling points, and high density.

© Prudent Energy Corporation. All rights reserved.
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Operational Benefits of the VRB-ESS®

The VRB-ESS® is capable of meeting precise energy and power demands of almost any
size. If, by comparison, you were to connect a long series of conventional (e.g., lead-
acid) batteries, that string would inevitably be weakened by the differing energy levels
within each independent cell. A VRB-ESS®, on the other hand, contains cells with nearly
identical characteristics, since they all share the same energy-bearing electrolyte. This
makes the upper limit of the energy-to-power ratio of a flow battery virtually unlimited.

Prudent’s VRB® is distinct from hybrid flow batteries (such as zinc-bromine or sodium-
sulfur, for example) which have one reactive electrode and therefore suffer from the
degradation drawbacks of conventional batteries. Using only Vanadium in the
electrolyte — as opposed to a blend of electrochemical elements — gives Prudent's
advanced battery systems the most competitive advantage in terms of operating cost,
system life, maintenance, and safety.

Application to Gills Onions

The VRB-ESS® at Gills Onions will consist of three 200kW modules with enough
electrolyte to provide 6 hours of storage. This will allow the VRB® to provide 6 hours of
energy at 600 kW (3.6 megawatt hours) during the expensive on-peak utility rate period.
The system can be expanded in the future as needed by adding additional 200kW
modules and/or additional electrolyte.

In addition, the VRB® will respond to spikes in usage to reduce demand charges. The
VRB® can change from fully charging to fully discharging in seconds, so the full 600 kW is
available 24 hours per day. In addition, the system can pulse an additional 50%, to 750
kW, for 10 minutes each hour, or 2-3 times capacity for seconds, providing additional
capacity for motor starts or other events. These reductions in on-peak energy costs and
demand charges will save an estimated $300,000 per year.

Moreover, additional savings can likely be achieved by avoiding so-called nuisance trips.
The fuel cells require high power quality. Voltage drops or swells or other power quality
problems can cause the fuel cells suddenly to power off or “trip”. Although the fuel cells
recover quickly and resume generating, the short-term loss results in a spike in
electricity from SCE, increasing demand costs.

© Prudent Energy Corporation. All rights reserved.
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The PCS, which charges and discharges the battery while providing enhanced power
quality and voltage support, is expected to help reduce or eliminate nuisance trips,
saving another $100,000 annuaIIy.3

Gills will also benefit from the uninterruptible power supply (UPS) of the VRB®. Along
with enhanced power quality and reliability, the VRB® will be able to operate in case of a
power black-out. By also keeping the fuel cells online, the VRB® will be able to provide
1,200 kW of emergency power — which is extremely valuable to the operation and safety
of the processing plant.

Prudent Energy Services Corporation, a wholly-owned subsidiary of Prudent Energy
Corporation, will build, own and operate the VRB-ESS® in return for a share of the
energy savings resulting from the project. Those energy savings are calculated as the
avoided charges, costs and fees that would otherwise be paid by Gills to the local utility.
Prudent has not disclosed the terms of this contract with Gills.

Advantages to the Grid

When not providing services to Gills, the VRB-ESS® can be available to support the
efficient functioning of the electric grid. One of the unusual benefits of Prudent’s flow
battery technology is the ability to respond very quickly and supply energy for long
periods of time. The California grid operator, known as CAISO (California Independent
System Administrator), is responsible for the safety and reliability of the transmission
system. The high penetration of intermittent renewable energy, like wind turbines and
solar installations, has resulted in the need for fast responding energy sources to
balance the rapid variability of generation.

% Prudent Energy's PCS has a sophisticated, fast acting, multi-quadrant, dynamic controller with proprietary
control algorithms, and is capable of switching output across the full range of the device (i.e., from absorbing
full power to exporting full power within cycles). The PCS also functions on a reactive power basis and in
any combination of both real and reactive power requirements. The intelligence within the inverter is
integrated into the overall control system. Therefore, the PCS is easily reprogrammed (on site or remotely)
and adjusted for any changes in site requirements or settings required by the operator. The PCS is
connected either in a series (isolated load) mode or in a shunt configuration with static transfer switch option
for UPS functionality. With Prudent's PCS capable of delivering real power (watts) and/or imaginary power
(volt-ampere reactive, or "VARS"), the system provides not only power smoothing but also ancillary services
such as voltage regulation and VAR support. All Prudent power electronics undergo extremely rigorous
testing before they are integrated into a complete installation.

© Prudent Energy Corporation. All rights reserved.
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Fast responding natural gas turbine “peaker” plants are currently used for this purpose.
However, the VRB-ESS® can provide a faster, more accurate response — at low
temperatures with virtually zero emissions. Recent studies have estimated that energy
storage could reduce emissions from such services by 70%. CAISO has estimated the
need for 2,000 MW of fast ramping storage, with at least 2 hours of energy, in order to
integrate a 33% share of renewable energy into the total electricity production mix by
2020."

In addition, high penetrations of solar photovoltaics (PV) are causing significant
problems on many utility distribution circuits. In some cases, solar PV contributes over
50% or more of the energy at certain times of the day. This high penetration can create
repeated and severe voltage variations due to moving cloud cover. Moreover, the fast
ramps of generation in the morning and evening are an issue, plus the problem of
thermal loading as circuits designed for one-way power sometimes experience over
generation.

The VRB-ESS® can help integrate solar into the distribution circuit by acting as a shock
absorber, rapidly responding to generation ramps, supporting voltage, supplying
reactive power and avoiding thermal overload. CAISO and the electric utilities are
currently designing programs and tariffs to utilize the unique benefits of energy storage.

Summary

Prudent’s VRB® Energy Storage System will improve the efficiency of the existing
Advanced Energy Recovery System on Gills’ 14-acre property. The VRB-ESS® will also
provide the Gills facility with emergency backup power and reduce the company’s need
to draw electricity from the grid when rates are highest. As a result, Gills Onions is
expected to save hundreds of thousands of dollars each year in operating expenses.

“We are extremely pleased to host a VRB® system at Gills as an expansion of our
Advanced Energy Recovery System,” said Steve Gill, the company’s President. “Energy
storage has become an absolutely essential part of integrating renewables into the
electricity grid reliably and efficiently, and Prudent Energy’s system does this very well.
Prudent has also shown it will stand behind its product and share the financial risk of
putting these projects into the field, so their commercial and environmental benefits
can be realized as quickly as possible.”

“TheKEMA fiResearch Evaluation of Wind Generation, Solar Gene
California Gridod report can be found at: http:// www. energy
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Jeff Pierson, Senior Vice President at Prudent Energy, indicated that Prudent will
complete the Gills project by early 2012. “With our first megawatt-class VRB® project in
California, we’ll look toward similar projects in the US that will expand renewable
energy facilities and reduce electricity costs,” said Pierson.

About Prudent Energy

Prudent Energy is the designer, manufacturer, and integrator of the patented VRB
Energy Storage System (VRB-ESS®) — a large-capacity, long life, clean energy storage
system. With its US headquarters in the Washington, DC area, Prudent is deploying
energy storage solutions for both kW-Class and MW-Class power applications
throughout the world. Unlike other advanced battery systems, Prudent’s VRB® systems
operate at low pressure and room temperature, with an energy-holding electrolyte that
never wears out. In addition, customers only buy the capacity they need and can easily
add energy and power in modular fashion, making the VRB-ESS® an ideal choice for
renewable energy integration and smart grids. www.pdenergy.com

About Gills Onions, LLC

Founded in 1983, Gills Onions is one of the nation’s largest, family-owned onion growers
and operates one of the largest, most sustainable fresh-cut onion processing plants in
the world. In concert with sister company Rio Farms, the Gill brothers manage over
15,000 acres of farmland and 300,000 square feet of processing and warehouse
facilities. Gills Onions is committed to continuous process improvement to positively
impact the air, land, water, energy, and communities they rely upon for their livelihood.
www.gillsonions.com
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