AUSLEY MCMULLEN

ATTORNEYS AND COUNSELORS AT LAW

123 SOUTH CALHOUN STREET
P.O. BOX 391 (zIP 32302)
TALLAHASSEE, FLORIDA 3230l
(850) 224-2115 FAX (850) 222-7560

March 1, 2018

VIA: ELECTRONIC MAIL

Mr. Greg Shafer, Director

Division of Economics

Florida Public Service Commission
Room 225E — Gerald L. Gunter Building
2540 Shumard Oak Boulevard
Tallahassee, FL 32399-0850

Re:  Tampa Electric Company’s Summary
of 2017 DSM Program Accomplishments

Dear Mr. Shafer:

Report
03/01/2018

Enclosed for filing is Tampa Electric Company’s Summary of 2017 Demand Side
Management Program Accomplishments, including an Appendix A (DSM Energy Education and

Awareness Activities of 2017).
Thank you for your assistance in connection with this matter.
Sincerely,
ot L
James D. Beasley

JDB/pp
Enclosure

(e Paula K. Brown (w/o enc.)
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TAMPA ELECTRIC COMPANY-SUMMARY OF 2017
DEMAND SIDE MANAGEMENT PROGRAM ACCOMPLISHMENTS

Tampa Electric received approval of its 2015-2024 Demand Side Management (“DSM”)
goals in Docket No. 130201-El, Order No. PSC-14-0696-FOF-EU, issued December 16,
2014. The company received approval of its 2015-2024 DSM Plan on August 11, 2015
in Docket No. 150081-EG, Order No. PSC-15-0323-PAA-EG. Tampa Electric
transitioned to the DSM programs within the 2015-2024 DSM Plan on November 3,
2015 pursuant to receiving final approval of the supporting DSM standards on
September 24, 2015.

In 2017, Tampa Electric achieved all the annual and cumulative residential, commercial
and combined DSM goals. The company achieved the following demand and annual
energy (“AE”) reductions identified at the generator:

2017 Residential Goals Actual Residential DSM Achieved
SkW: 2.2 MW SKW: 4.7 MW
WkW: 5.2 MW WkW: 6.9 MW

AE: 4.8 GWh AE: 14.9 GWh
2017 Commercial Goals Actual Commercial DSM Achieved
SkW: 2.7 MW SKW: 10.4 MW
WkW: 1.6 MW WkW: 9.2 MW

AE: 8.0 GWh AE: 30.2 GWh
2017 Combined Goals Actual Combined DSM Achieved
SkW: 4.9 MW SKW: 15.1 MW
WkW: 6.8 MW WkW: 16.1 MW
AE: 12.8 GWh AE: 45.2 GWh

Tampa Electric also received approval for and initiated the new ENERGY STAR for new
Multi-Family Residences Program and added electric vehicle training to the Energy
Education, Awareness and Agency Outreach Program. The company also transitioned
on December 15, 2017 from Compact Fluorescent Lamps (“CFL”) to Light Emitting
Diode (“LED”) lamps in the energy kits supplied by two of the company’s programs and
made significant progress with Research and Development (“R&D”) efforts with electric
vehicles, battery storage and commercial low-income weatherization.

A summary of 2017 energy education and awareness activities, electric vehicle student
curriculum and the R&D battery report from the University of South Florida are included
as appendices to this report. The R&D reports for electric vehicles and commercial low-
income weatherization are not complete at this time.

For 2018, Tampa Electric remains committed to offering DSM programs that advance
the policy objectives of FEECA, are directly monitorable and yield measurable results
and are cost-effective to deliver. The company will continue its advertising campaign of
bill inserts, print media and television advertisements aimed at educating customers on
opportunities to participate in programs to assist in meeting their energy efficiency
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requirements. Tampa Electric will be starting the recently Commission approved
conversion process of approximately 207,000 existing metal halide and high pressure
sodium street and outdoor luminaires to light emitting diode luminaires over the next five
years. Tampa Electric will also be enhancing the Residential Customer Assisted Audit
Program by migrating the existing program to an improved platform which will afford all
of the company’s residential customers the ability to access individualized energy
efficiency recommendations, energy usage comparisons and forecasts, integrated
special purpose energy calculators and specific tips and advice for implementing
residential energy efficiency measures.

The attached pages present individual program participation levels and summaries that
demonstrate the company achieved its annual residential, commercial and combined
DSM goals as described in Rule 25-17, (4), Florida Administrative Code.
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TAMPA ELECTRIC-SUMMARY OF 2017
DEMAND SIDE MANAGEMENT PROGRAM ACCOMPLISHMENTS

Appendix A
DSM Energy Education and Awareness Activities of 2017

Tampa Electric Company participated in over 71 designated energy education and
awareness events across the company’s service area in 2017. These events do not
include the daily interactions of energy education that Tampa Electric Team Members
have with customers through email or phone calls, one-on-one discussions nor with
customers that are participating in one of Tampa Electric’'s Commission approved DSM
programs. These events cover educating all ages, income classes and rate classes of
customers on energy education and awareness. Several highlighted events include:

USF Engineering Expo (USF College)

Farm Night BBQ

70th Annual Fiesta Day

Winter Haven Community Fest Family Fun Festival
Ruby Lake HOA

Manatee Festival of the Arts

Lifestyles after 50

Go Green Night at Amalie Arena

21st Annual Downtown Development Forum

ISES Solar Energy Fair

Bark in the Park

Valencia Lakes Community Resources Expo

Sun City Center 2017 Spring Trade Show

The Greater Temple Terrace Chamber of Commerce Business Expo
HCC 2017 Sustainability Expo

Festa Italiana

Kids Rock Science — Stem Fair at MOSI

Met Life

Exo Fest

Nova Southeastern University Tampa Campus
EPC'’s Clean Air Fair

7 Rivers Water Festival

Port Area Safety Fun Fest

Science Night at Lawton Chiles

14TH Annual Neighborhoods Conference

Port Tampa Community Center Summer Camp
Back 2 School Fair at Ruskin

Back 2 School Fair at Plant City

2017 5th Annual Kids Day — Beasley

Back 2 School Fair at East Tampa (Middleton High School)
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Back 2 School Fair at North Tampa (Shaw Elementary School)
Lifestyles After 50 Fun Fest

Back 2 School Fair at West Tampa

Pleasant Grove Senior’s Group

Homeruns and History

3rd Annual Tampa Bay Kids Fest

Temple Terrace National Night Out

Tampa Night Out

Health Fest

The Clubhouse at Ballentrae

Florida Birding and Nature Festival
Scarecrow Festival

Temple Terrace Fire Dept. Annual Open House
Stride for Strays

Health Fair — Community Picnic

Met Life

Easterseals- Walk with me

2017 Ruskin Seafood Festival

City of Auburndale Fire Dept.

Fisherman’s Cove

Channelside Academy of Math and Science
Employee Health Fair - **

Great American Teach-in

The Greater Mulberry Chamber of Commerce
County Aire Mana

Trot Thru The Terrace

Tiny Home Show

44th Annual Temple Terrace Arts & Crafts Festival
Sustany Foundation — Catch the Buzz

Pig Jam

2017 Fall Business Expo

EPCAR Housing Fair

5th Annual Winter Fall
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Range Anxiety:
[reynj], [ang-zahy-i-tee]
plural: anxieties noun

1. Range anxiety is the fear of not
having enough battery charge to
reach a destination.
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Project Tasks

The current project includes the followings Tasks:

1.

3/49

Task 1- Battery Selection: USF will assist TECO in the selection of Batteries for Electric storage.
Review literature
Select type of batteries commercially used
Comparison of batteries based on performance/cost (capital and life cycle).
Environmental impact
Ambient conditions
Maintenance requirements vs. TECO’s expected participation
Risk tolerance
Intended system lifetime beyond study period
Load profile impact on power vs. capacity tradeoffs
j.  Battery cycling tolerance, particularly as related to flexible operational demands
Task 2- Identify a commercial facility for testing Battery Energy Storage- USF will assist TECO to identify a
commercial facility for testing
a. Develop criteria for customer selection
b. Recommend load types best suited for battery storage
c. Evaluate economic impacts of potential operational modes on target facilities in conjunction with
TECO Resource Planning
d. USF will do economic evaluation for the customer side; TECO will do economic evaluation on the
utility side
Task 3- Vendor Selection for Installation of Battery energy Storage system-
a. Develop conceptual design, incorporating high level components, operational modes, power
quality controls and battery performance requirements
b. Assist with EPC (Engineering, Procurement, and Construction) contractor discussions of
technology and battery system constraints
c. Conceptual design of the system
Task 4- Performance Testing of Storage system
a. Assist with acceptance testing of system

S o Qo0 T

b. Develop tests to verify system performance
Task 5 - Operational modes and mode switching
a. The modes of battery charging and discharging will be determined in consultation with TECO on
the basis of past data and future planned power production.
b. Charging and discharging will be based on Peak and off-peak timings.
Task 6- Data collection and Analysis of Data- USF will specify a data acquisition system at the selected
facility and will collect and analyze the data. USF will be responsible for developing the software package
for this project.
Task 7- Quarterly reports
a. Real vs. expected dispatch of battery system
Changes in facility demand (peak loads and energy consumption)
c. Battery specific status, e.g. depth of discharges, expected remaining cycle life, expected
remaining service days
Stakeholder comments (e.g. facility manager and TECO grid operator)
Lessons learned, deviations from planned system operation/use, general comments over
reporting period
f.  Performance report
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The following sections provide a progress report of Task 1.

Introduction

Approximately 40% of the electricity demand in the U.S. is consumed by residential and commercial
buildingsY. This presents an opportunity for energy storage. Depending on the nature of a building’s electricity
demand, its load profile and the availability of on-site renewables, different forms of energy storage can be
appropriate. Air conditioning loads, for example, are generally best handled by thermal energy storage in the form
of ice or chilled water. Non-thermal loads such as electric motors and lighting, on the other hand, are most efficiently
supplied by battery storage systems.

This report will focus on battery storage (BES) systems, including a summary of the benefits to various
stakeholders, a review of basic principles, descriptions of various battery chemistries, calculations on the life cycle
costs and recommendations of which battery chemistry is best suited for a given situation.

Benefits to Stakeholders

Battery storage is a value-adding product that can benefit every stakeholder in the electricity market. Both
the electric utility and the energy consumer can derive economic benefit from proper use of electricity storage.

Electric Utility

On the utility end, battery storage can provide one or more of several services. They can be used for
frequency regulation, where they act as both a power source and sink to adjust to grid conditions. In fact, with
switching times on the order of 10-100 milliseconds, they can be even more effective than thermal power plants for
maintaining a constant grid frequency!?.

In combination with solar power using photovoltaics (PV), battery storage systems can mitigate PV’s
negative effect on power quality (i.e. they can prevent voltage spikes and drops caused by fast-moving clouds that
cause solar production to change quickly). If the storage system is properly sized, then the solar fluctuation can be
absorbed by the battery charging system and discharged at a controlled rate, preventing negative impacts on the
grid.

Even when solar power is not used, battery energy storage can improve the utilization of base- and
intermediate-load thermal power plants while reducing the need for peak power plants. By allowing the customer
to charge their batteries during periods of low demand, utility equipment utilization is improved during off-peak
periods; meanwhile, discharging during periods of high demand reduces the peak load that the utility must meet.
This reduces the risk of brownouts/blackouts on the grid scale, while also reducing the customer’s energy bill (by
charging the system using solar, or at night when energy is inexpensive, and discharging the batteries when demand
is high rather than buying electricity at peak-demand prices).

Finally, because battery storage can be located at the point of use, the utility can derive economic benefit
by deferring upgrades to generation, transmission and distribution?. For example, a congested distribution node
can be decongested by meeting a portion of the peak demand with the batteries instead of directly through the grid.

Electric Power Consumer

Selection of battery storage technology for buildings depends on variables that include the energy and
power demands during different days of the year and storage autonomy needed for the system. The type of buildings
that are under consideration in this project include office buildings, schools, hospitals, and hotels. As each of these

4/49
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buildings has different electric power demand profiles during their operation hours, the design of a battery storage
system depends on the type of building chosen. USDOE has defined reference buildings for different types of
structures with their representative power demand profiles. Using the DOE reference buildings data, a
representative power demand profile for each of the types of buildings under consideration is presented for winter
and summer work days in Figure 1 and Figure 2. A large office building shows the biggest demand difference between
day and night due to the nature of activities, while a hotel shows two peaks during both the seasons. As the type of
application and the nature of the building demand influences the battery storage system (BESS) selection, the actual
electricity use and demand profile will be criteria for selecting the project building.

Winter
1800000
1600000
1400000
=’ 1200000
2 1000000
Q
E 800000
2 600000 ™~
w
400000 —
/
200000 +~_ =~
o +—~+-—+—++++++++—+—+—+t+t+——t+tt——
3/1/2002 0:00 3/1/2002 5:00 3/1/2002 10:00 3/1/2002 15:00 3/1/2002 20:00
Hospital LargeHotel LargeOffice SecondarySchool
Figure 1. Demand during a typical winter work day in Tampa
Summer
1800000
1600000
1400000
’g‘ 1200000
> 1000000
S
E 800000 .
& 600000
200000 £ w7
o +——+—+—t++t+t+++t+—+—t+——+—+—t+tttt——
13/08/2002 00:00 13/08/2002 05:00 13/08/2002 10:00 13/08/2002 15:00 13/08/2002 20:00
Hospital = LargeHotel LargeOffice SecondarySchool
Figure 2. Demand during a typical summer work day in Tampa
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The benefits of battery energy storage to the electric consumer are quite simple, but they rely on the use
of specific rate structures, specifically the Time of Use (TOU) rates (Figure 3). By charging the battery system during
off-peak times when electric rates are lower (approximately $0.04/kWh) and discharging during peak times
(50.065/kWh), the cost of energy consumption during peak times can be reduced by approximately 50%. These
benefits are even larger when adding the reduction for demand charges: if a facility’s billing demand normally takes
place during peak hours, then a total of $10.25/kW is paid. If the billing demand is kept the same, but the peak billing
demand is reduced by 50% by shifting that load onto off-peak times, then demand charges can be reduced by about
30%.

0.8

0.6

0.4

0.2

0 e e

0:00 2:24 4:48 7:12 9:36 12:00 14:24 16:48 19:12 21:36 0:00

Summer Peak Winter Peak

Figure 3. Two-season peak pricing window for Tampa

As an example, consider a facility with an average demand of 100 kW and a billing demand of 200 kW that
coincides with utility peaks and lasts for 4 hours each day. Monthly energy consumption is about 24,000 kWh during
peak hours and 48,000 kWh during nonpeak hours, for a total of 72,000 kWh per month. Billing demand is 200 kW,
and peak billing demand is also 200 kW. Electric costs for this facility are $1530, $1932, and $2050 for peak energy,
nonpeak energy, and demand charges, respectively, for a total of $5512 per month.

Now consider the same facility with 100 kW of battery storage. Billing demand is still 200 kW, but peak
billing demand is now only 100 kW. Monthly energy consumption is now 12,000 kWh during peak hours and 61,300
kWh during nonpeak hours, totaling 73,300 kWh per month (note that the 1300 kWh increase in total energy
consumption is due to efficiency losses within the battery). Electric costs for this modified facility are $765, $2468,
and $1371 for peak energy, nonpeak energy, and demand charges. The total monthly electricity cost of $4604 for
the modified facility represents a 16.5% reduction in overall cost.

Battery Basic Principles

Batteries use a reversible chemical reaction to convert electrical energy into chemical energy for storage
and back into electrical energy for consumption. This reaction is not perfectly reversible, however, which leads to
degradation of system performance over the course of its life cycle. The exact nature of this irreversibility varies with
battery chemistry, but the general concept can easily be illustrated with the example of a lead acid battery.

In a lead acid battery, there are two electrode plates (one positive and one negative) flooded with sulfuric
acid as an electrolyte. As shown in Figure 4(a), in the fully discharged state, both electrode plates consist of lead
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sulfate (PbSOa), while the electrolyte is diluted into nearly-pure water. During the charging process [Figure 4(b)], the
negative electrode plate consists of pure lead, the positive electrode consists of lead oxide (PbOz), and the
electrolyte is sulfuric acid®.

Dilute

H,SO4 PbO2 | H2SO4(aq)

(a) (b)

Figure 4. (a) Lead acid battery in fully discharged state; (b) fully charged statel3

During each discharge portion of the charge/discharge cycle, the electrode plates react with sulfuric acid to
produce lead sulfate. However, in the process, a small portion of the lead sulfate tends to crystallize into tree-shaped
dendrites of metallic lead®, these crystalline dendrites being less prone to losing electrons and recombining with
the electrolyte. As these dendrites grow, there is progressively less electrolyte material available for the reaction,
which reduces the storage capacity. In addition, if the dendrites grow long enough to connect the positive and
negative electrolytes, then the cell can be shorted out and permanently disabled. More advanced lead acid batteries
use a glass or carbon matrix to limit dendrite growth, which increases their cycle life.

Battery Types and Descriptions

The five commercially-available battery technologies best suited to a small-scale (50-250 kW, 2-8 hour)
stationary energy storage system are: lead acid, lithium ion, nickel metal hydride, flow, and sodium sulfur batteries.
Each technology has its advantages and disadvantage, which will be described below. Specifications provided for
each battery technology are based on an average of a selection of commercial products; cost figures are based on
rough quotes obtained from manufacturers and distributors, where available. Spec sheets from products used to
generate these averages are provided in the Appendix.

It is important to note that the price quotes are based on the price of the battery only; auxiliary equipment such as
charge controllers, thermal management, and inversion/rectification will increase the cost.

Lead Acid

Lead acid batteries are the most common batteries used today. They are inexpensive, robust units, capable
of withstanding large swings in temperature and humidity with minimal loss of performance. Because lead acid
batteries have been used for a century, there is an established recycling infrastructure, lead acid batteries being
almost 100% recyclable!®,

7/49
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However, lead acid batteries have many disadvantages for commercial electricity storage. Their basic
materials (lead and sulfuric acid) are toxic and can be dangerous if mishandled. The batteries have a rather low
energy density, which means that systems are large and heavy compared to other technologies. They also cannot
be discharged nearly as far as other batteries: only about 50% of the total storage capacity can be utilized without
causing significant performance degradation. Finally, basic models have significantly shorter cycle lives than other
technologies currently available.

Although lead acid batteries have been in commercial use since the late 1800s, only recently have there
been significant advances in the technology. Some of the advanced models currently available have significantly
increased cycle life, but their cost is significantly higher as well. In fact, some models of advanced lead acid batteries
can withstand upwards of 15,000 cycles, provided that the DOD is kept low (< 10%). The cycle lives provided below
assume depths of discharge of 50-60%.

Nickel Metal Hydride

Nickel metal hydride (NiMH) was the third major battery technology to become commercially available.
Early cell phones and laptop computers generally used NiMH (or its predecessor, nickel cadmium) batteries. NiMH
is another robust storage chemistry, featuring a wide range of operating temperatures and good tolerance to over-
and under-charging (a strong possibility in systems where battery storage is coupled with solar PV). It has a better
cycle life than lead acid. The main draw of NiMH, however, is the incredibly high sustained charging/discharging
rates of 5C (that is, charging from 0% to full in 12 minutes) and the high energy density!8%10,

The primary disadvantages of NiMH lie with its storage capabilities. It is well-known for having a memory
effect; that is, repeated partial charges can cause the battery to “forget” about the top portion of its capacity. It also
features a high rate of self-discharge (about 15% per month at room temperature, and higher at elevated
temperatures) and relatively low efficiency(®219],

Lithium lon

After lead acid, lithium ion is the most prevalent battery type in modern society. Lithium ion batteries can
be found in every mobile phone, laptop computer, and hybrid/electric vehicle. Lithium ion batteries come in a variety
of chemistries, each with their own advantages and disadvantages. In stationary storage applications, the most
common chemistry is lithium iron phosphate (LiFePOa, or “LiFe”), which has better safety characteristics but lower
power density than the lithium cobalt oxide (LiCoO2) typically used in mobile applications.

LiFe batteries have numerous advantages for stationary storage systems. They have long cycle lives of
5000+ cycles, high energy and current density, high efficiency, high depth of discharge, low self-discharge, and no
memory effect. However, they tend to be quite expensive (though the price is dropping rapidly), and their
temperature sensitivity often requires thermal management that can be moderately expensive to run; additionally,
they’re currently not recyclable, and proven reserves of lithium are somewhat limited, which means that in the long-
term there may be supply issues.,
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PbA PbA NiMH* Li-ion Flow NaS NaNiCl
(basic) (advanced)
Power Mass Density 180 W/kg 250-1000 (1800 W/kg |N/A 150 W/kg™ (140 W/kg
W/kg1%
Energy Mass Density 30-40 Wh/kg 30-80 160 Wh/kg |500 150-760 280 Wh/kg
Wh/kg Wh/kg  [Wh/kgt!
Energy Volume 60-70 Wh/L 140-300 [270 Wh/L [50-167 [151 Wh/L®! [Up to 290
Density Wh/L Wh/LE Wh/LU)
DOD limit 50% 60% 90% 80% 100% 80-100% 80%
Efficiency 91% 91% 65% 93% 71% 87-92% ~90%
Cycle life(cycles) 1200 2700 3000 6675 15000 2500 at >3000 at
100% DOD, [80% DOD
4500 at
80% DOD
Upfront Cost $126 $431 $250 S650 S500 >S$400%* >$400%*
(S/kWh)***

* Unlike other battery chemistries, specifications presented here are approximate figures obtained from online sources instead
of spec sheets from specific products.
**Sodium sulfur and sodium nickel chloride battery costs provided are estimated based on qualitative descriptions found in

online sources.

***Upfront costs listed here are based on the cost of batteries only. Actual installation costs are likely 50-100% higher after
accounting for power conversion, charge control, and thermal management systems as well as labor and EPC costs. Also, costs
are approximate based on estimates provided by manufacturers and distributors at EES-NA 2017; actual costs should be
negotiated by TECO and will likely be different.
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Flow

Flow batteries are the newest chemistry on the market. A number of chemistries fall under the banner of
flow battery, such as the vanadium redox, iron redox, zinc bromine, and zinc iron batteries. In each case, the battery
consists of two tanks of liquid electrolytes, which are pumped to a membrane where a chemical reaction stores or
releases electrical energy!*?.

The primary advantage of the flow battery is its very high cycle life, which leads to a low cycle cost over the
lifespan of the product despite the relatively high upfront cost and relatively low storage efficiency. While flow
batteries do have more moving parts than other chemistries, the battery materials themselves degrade less over
time, so overall maintenance costs are likely to be lower than other battery types.

The other main advantage of flow batteries is their high degree of customizability. Energy capacity can be
increased by using larger electrolyte tanks, while power capacity can be increased by adding more membrane stacks
and increasing fluid flow rates; these two capacities can be sized independently to meet project requirements
ranging from 30 minutes to 8 hours of storage.

The primary disadvantage of flow batteries, however, is the low energy density. For example, the ViZn GS-
200 zinc/iron redox battery requires ten 40-foot shipping containers (ignoring spacing between containers, this is a
total volume of 27,000 ft3, or roughly the size of a 2000 sq. ft. single-story house with vaulted ceilings and an attic)
for 1 MW / 3 MWh of storage capacity. Assuming that volume is directly proportional to capacity, then a 250 kW /
750 kWh unit would occupy a volume of approximately 6750 ft3, approximately the size of a studio apartment.

Due to the novel nature of the flow battery, there are generally only a handful of products within each
chemistry type. Thus, the values in Table 1 are based on a mix of products from several flow chemistries: iron redox,
zinc bromine, and zinc iron.

Sodium Batteries

Sodium batteries, such as sodium sulfur and sodium nickel chloride, are unique in that they operate at high
temperatures of approximately 300 °C. They use abundant materials, which may give them a lower installation cost
than other batteries (note: at the time of writing, no cost estimates could be obtained from manufacturers for these
batteries). Because they operate at high temperatures, there is no need for thermal management systems.

Sodium Sulfur (NaS)

Sodium Sulfur batteries are primarily manufactured by NGK in Japan. Approximately 35 MW of battery
capacity was installed in partnership with TEPCO; however, a battery fire in 2011 led to a temporary cessation of
manufacturing. Other challenges associated with NaS batteries include their low tolerance to moisture and the
increased maintenance requirements due to the possibility of cell leaks.

Sodium Nickel Chloride (NaNiCl)

Sodium nickel chloride batteries have many of the same advantages as NaS (specifically the high
temperature and abundant raw materials); however, like NaS, they also are quite limited in terms of choice of
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manufacturers. The primary difference between NaNiCl and NaS is that a NaNiCl system operates at a slightly lower
temperature, which reduces the amountof thermal loss due to elevated operating temperatures. It should also be
noted that the FIAMM SoNick (the main NaNiCl on the market) claims that optimal performance is achieved at
discharge rates of 1/12 C, or full discharge in 12 hours.

Cost Calculations

Key ESS Cost Drivers for Various Durations

100% -
90% |

80%
§ 70% @ Labor & Misc
ﬁ 60% o BOP Scope
= 50%
2 Controls &
E 40% Integration
; 30% @ Batteries

20%

mPCS
10%
0%

15 - 30 min 1-2h 2h-4h
ESS Duration range

Figure 5. CapEx cost drivers for Energy Storage Systems (ESS) for various storage durations!t3

Installation Cost

Installation costs were calculated under the assumption that 500 kWh of useable capacity (that is, 500 kWh
could be discharged per cycle after accounting for efficiency losses and depth of discharge limitations). Based on
Figure 5 for 2 hours of storage duration, costs were calculated with the assumption that 70% of the project cost was
due to the battery itself, while the other 30% was for auxiliary systems, permitting fees, and EPC fees. Figure 6 shows
the installation costs for a variety of battery chemistries. Costs were calculated as follows:

500 kWh

Installati =
nstallation cost (max DOD) = (Ef ficiency) * (cost per kWh)
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Install Cost for 500 kWh cycle capacity

$700,000

$600,000

$500,000

$400,000

$300,000

$200,000

$100,000 I
$0

PbA basic PbA advanced Li-ion Flow NiMH NaNiCl

Figure 6. Installation cost for various battery chemistries, 500 kWh of initial daily cycle capacity

Levelized Cost

Based on Figure 5 for 2 hours of storage, levelized costs of storage (LCOS) were also calculated under the
assumption that 70% of project cost was due to the battery while 30% was due to auxiliary systems, permitting, and
EPC fees. A discount rate of 10% was assumed, while it was assumed that energy would be purchased from the grid
during off-peak hours at a rate of $0.05/kWh. One cycle was defined as starting from 0% DOD (i.e. full charge),
discharging to the chemistry’s maximum DOD (e.g. 50% for basic lead acid or 80% for lithium ion), then recharging
to full charge. It was assumed that the system would run at one cycle per day until the battery reached its maximum
cycle life. To account for capacity degradation throughout the cycle life, the degradation was assumed to be linear
from 100% of initial capacity at start of life to 80% of initial capacity at end of life; storage capacity was reduced to
90% of initial capacity to account for this degradation. Maintenance and thermal management costs were not
accounted for due to incomplete availability of data.

Figure 7 shows the levelized cost of storage for a variety of battery chemistries. Costs were calculated as follows:

Annual Energy Consumption

= (Storage Capacity in kWh) = (DOD) * (

ycles )
- ) * (90% Degradation Factor)

Annual Energy Delivered = (Annual Energy Consumption) * (Storage Ef ficiency)

Annual Energy Cost = (Annual Energy Consumption) = $0.05/kWh
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Annual Energy Cost
(14 0.1)¥ear

Discounted Annual Cost =

max cycle life
year=1

Upfront Cost + ),
Y. Annual Energy Delivered

(Discounted Annual Cost)

Levelized Cost of Storage =

Levelized Energy Cost (5/kWh)

$0.60
$0.50

$0.40

$0.30
$0.20
$0.10
$0.00 l

PbA basic PbA advanced Li-ion Flow NiMH NaNiCl

Figure 7. Levelized energy cost for various battery chemistries over their cycle life

Note that the cost of storage above includes the cost of electricity purchases. The added cost of using the
battery system over simply purchasing electricity from the utility would be the above figures minus $0.05/kWh.

Levelized Cost for Fixed System Life (with Replacement)

It is useful to consider the effect of battery replacement on the overall LCOS. The following subsections demonstrate
the overall LCOS for battery storage systems with fixed system lifetimes of 20, 10, and 5 years. When a given battery
technology reaches its maximum cycle life before the end of the project life, it is assumed to be replaced; for
simplicity of calculation, this replacement is assumed to be instantaneous with no effect on annual cycling.
Replacement costs are based on the cost of the batteries only, with the assumption that each technology will reduce
in price at a rate of 10% per year.
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Figures 8, 9, and 10 show the LCOS for 20, 10, and 5-year project lives, respectively. Note how the LCOS increases
as the project lifespan decreases; this effect is particularly pronounced for lithium ion and flow batteries, largely
because the shorter project lifespans are considered to end long before the battery reaches its end of life.

Levelized Energy Cost (S/kWh) for 20-year Project Life

$0.25
$0.20
$0.15
$0.10
$0.05
$0.00
PbA basic PbA advanced Li-ion Flow NiMH NaNiCl
Figure 8. Levelized energy cost for 20-year battery storage project, with battery replacement as needed
Levelized Energy Cost (S/kWh) for 10-year Project Life
$0.45
$0.40
$0.35
$0.30
$0.25
$0.20
$0.15
$0.10
$0.05
$0.00
PbA basic PbA advanced Li-ion Flow NiMH NaNiCl
Figure 9. Levelized energy cost for 10-year battery storage project, with battery replacement as needed
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Levelized Energy Cost (5/kWh) for 5-year Project Life

$0.90
$0.80

$0.70

$0.60
$0.50
$0.40
$0.30
$0.20
$0.10
$0.00

PbA basic PbA advanced Li-ion Flow NiMH NaNiCl

Figure 10. Levelized energy cost for 5-year battery storage project, with battery replacement as needed

Summary and Recommendations

Depending on the intended application, a variety of battery chemistries may be appropriate. Table 2
summarizes the key characteristics of each battery type, with consideration to the power and energy capacities,
installation cost, safety, and lifespan of each product, ranked on a 1-5 scale with 5 being the best.

These general recommendations were developed based on basic characteristics of various battery
chemistries and on economic calculations based on vendor cost estimates. Battery specs were obtained primarily
from data sheets of commercially available products, but in some cases approximate specifications were obtained
from online sources such as Wikipedia and Battery University. Calculations were performed to estimate the
installation cost of a battery energy storage project with 500 kWh of daily cycling capacity, after accounting for
efficiency losses and depth of discharge limitations; and to estimate the levelized cost of storage for a battery
project, both over a single cycle life and over fixed project duration (with battery replacement as necessary).

It is very important to remember that battery selection is driven by the specific building, load profile, and
application for which it will be used. Some battery chemistries are well suited for long-duration storage but have low
energy density and large volumes, others perform well when high discharge rates are required but store relatively
little energy, while others offer a compromise between these two extremes. Depending on the exact project
requirements, a battery can be selected according to the following general recommendations:

For cases where the absolute lowest cycle cost over a 20-year lifespan is required, regardless of physical
size, then flow batteries are the best option. If physical space is constrained, then the lowest cycle cost comes from
lithium ion. If extremely high charging/discharging rates are required (e.g. for frequency regulation applications),
then NiMH performs best, with advanced lead acid being a decent alternative. Finally, if a storage system is required
for a short duration but upfront cost is the primary constraint, then basic lead acid batteries make the most sense.
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Table 2 — Battery characteristics summary

Chemistry Energy

Installation | Safety Lifespan | Notes

Basic Lead 2 Cheap to install but short lifespan
Acid gives high cycle cost

Advanced 2 Very high lifespan with low-DOD
Lead Acid cycles

Medium lifespan with 50%-DOD

cycles
Nickel Metal 4 3 Well suited to projects requiring very
Hydride high charge/discharge rates
Lithium lon 4 Other chemistries with different
(LiFePOa) performance characteristics
Flow 2 2 Variety of chemistries
Highly customizable
Sodium Sulfur | 4 3 High maintenance costs due to cell
leakage;
Few manufacturers
Sodium 4 B Few manufacturers
Nickel
Chloride
References
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GS BATTERY (U.5.A.) INC.

ENERGY STORAGE SOLUTIONS

The GS Battery SLX250-12 is part of GS Battery’s complete
line of rechargeable batteries and energy storage systems.
These industry leading solutions include batteries in a variety
of voltages including 2 volt, 4 volt, and 12 volt models to suit
every energy storage application.

In addition, GS Battery’s energy storage solutions include a
variety of battery chemistries including deep cycle Lead-Acid,
advanced Lead-Carbon, robust and reliable Nickel-Cadmium
and versatile Lithium-lon. Energy storage solutions from GS
Battery are designed and manufactured according to the
most rigorous Japanese quality control standards to deliver
extraordinary performance and exceptional long service life.

ABOUT GS BATTERY (U.S.A.) INC.

GS BATTERY (U.S.A.) INC. is a global leader in energy storage. Our batteries are manufactured
to the highest standards and deliver high quality, long life and superior performance in a wide
variety of mission critical applications. GS Battery’s products deliver reliable battery power for
Telecommunications, Energy Storage, Renewable Energy. Uninterruptible Power Supply (UPS),
Emergency Lighting, Power Sports, and Automotive industries.
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DEEP CYCLE BATTERY

For Energy Storage Applications

SLX250-12

A H EEH BN

/
@SYUASA Group Company

CYCLE LIFE
The GS Battery SLX250-12 is designed for the high cycle life
requirements of energy storage systems. This battery is rated at

1500 cycles at 50% Depth of Discharge (DOD).
CHEMISTRY

The GS Barttery S5LX250-12 is Valve Regulated Lead Acid (VRLA)
battery and features Absorbed Glass Mat (AGM) technology. These
long-life, lead-acid batteries provide extraordinary versatility,
reliability and performance at a value price.

COMPLIANCE

The GS Battery SLX250-12 is a UL recognized systems component
and is classified as a “Non-Spillable Battery” for transport. (Complies
with DOT HMR48, Non-Hazardous Materials.)

MAINTENANCE FREE

The GS Battery SLX250-12 is virtually maintenance free and never
require watering. These batteries minimize energy storage system
maintenance expenses and increase system value,

SAFETY

The GS Battery SLX250-12 is an inherently safe energy storage
technology. These batteries are non-spillable, do not generate
hazardous gasses with normal use and are constructed from flame
retardant ABS (UL94 V-0).

ENVIRONMENTALLY FRIENDLY

The GS Battery SLX250-12 is an environmentally friendly energy
storage technology. 96% of lead acid batteries are recycled. A typical
lead-acid battery contains 60-80% recycled lead and plastic.

WARRANTY
The GS Battery SLX250-12 is designed to deliver superior
performance and long life in the field and carries a 1-year warranty.

®Q

FIND OUT MORE
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CYCLE LIFE vs. DEPTH OF DISCHARGE (+25°C/77°F) CHARGE RETENTION
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P

Length

Inches

hysical Characteristics (¥3mm)

Overall
Height

Case

Wit it

Pounds

kg

Capacity @ 25°C (77°F) to 10.5 Volts per Battery (1.75VPC)

Weight

45 Min 1 Hour 2 Hour 3 Hour 4 Hour 5 Hour 8 Hour 10 Hour = 20 Hour
Rate Rate Rate Rate Rate Rate Rate Rate Rate
w 2819 2088 1676 1019 728 574 478 328 271 146
A 249 182 145 86.3 61.8 48.7 40.6 28 23.2 12.5

GS BATTERY (U.S.A.) IN

Roswell, GA 30076
T 800-472-2879

@GS

www.gsbattery.com

G:

1150 Northmeadow Parkway, Suite 110

/
@SYUASA Group Company
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GS

ADVANCED LEAD
DEEP CYCLE BATTERY

For Energy Storage Applications

SLR1000-2

CYCLE LIFE

The GS Battery SLR1000-2 is designed for the high cycle life
requirements of energy storage systems. This battery is rated at
5000 cycles at 70% Depth of Discharge (DOD).

CHEMISTRY

The GS Battery SLR1000-2 is a Valve Regulated Lead Acid (VRLA)
battery and features Absorbed Glass Mat (AGM) technology. These
long-life, lead-acid batteries provide extraordinary versatility,
reliability and performance at a value price.

COMPLIANCE

The GS Battery SLR1000-2 is a UL recognized systems component
and is classified as a “Non-Spiliable Battery” for transport. (Complies
with DOT HMR49, Non-Hazardous Materials.)

MAINTENANCE FREE

The GS Battery SLR1000-2 is virtually maintenance free and never
requires watering. These batteries minimize energy storage system
maintenance expenses and increase system value.

SAFETY

The GS Battery SLR1000-2 is an inherently safe energy storage
technology. These batteries are non-spillable, do not generate
hazardous gasses with normal use and are constructed from flame
retardant ABS (UL94 V-0).

ENVIRONMENTALLY FRIENDLY

The GS Battery SLR1000-2 is an environmentally friendly energy
storage technology. 96% of lead acid batteries are recycled. A typical
lead-acid battery contains 60-80% recycled lead and plastic.

WARRANTY

The GS Battery SLR1000-2 is designed to deliver superior
pcrformance and long life in the field and carries a 10-year limited

GS BATTERY (U.S.A.) INC.

ENERGY STORAGE SOLUTIONS

The GS Battery SLR1000-2 is part of GS Battery’s complete
line of rechargeable batteries and energy storage systems.
These industry leading solutions include batteries in a variety
of voltages including 2 volt, 4 volt, and 12 volt models to suit
every energy storage application.

In addition, GS Battery’s energy storage solutions include a
variety of battery chemistries including deep cycle Lead-Acid,
advanced Lead-Carbon, robust and reliable Nickel-Cadmium
and versatile Lithium-lon. Energy storage solutions from GS
Battery are designed and manufactured according to the
most rigorous Japanese guality control standards to deliver

extraordinary performance and exceptional long service life. @ .

ABOUT GS BATTERY (U.S.A.) INC.

GS BATTERY (U.S.A.) INC. is a global leader in energy storage. Our batteries are manufactured
to the highest standards and deliver high quality, long life and superior performance in a wide
variety of mission critical applications. GS Battery’s products deliver reliable battery power for

Telecommunications, Energy Storage, Renewable Energy, Uninterruptible Power Supply (UPS),

Emergency Lighting, Power Sports, and Automotive industries.

FIND OUT MORE
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ADVANCED LEAD DEEP CYCLE BATTERY
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Battery Characteristics

Type

01 1
DISCHARGE DURATION (HOURS)

Battery
Capacity
(10 HR)

Battery
Type

Battery
Voltage

2 Volts
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Physical Characteristics (+3mm)
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GS BATTERY (U.S.A.) INC.

ENERGY STORAGE SOLUTIONS

The GS Battery SLR500-2 is part of GS Battery’s complete line
of rechargeable batteries and energy storage systems. These
industry leading solutions include batteries in a variety of
voltages including 2 volt, 4 volt, and 12 volt models to suit
every energy storage application.

In addition, GS Battery’s energy storage solutions include a
variety of battery chemistries including deep cycle Lead-Acid,
advanced Lead-Carbon, robust and reliable Nickel-Cadmium
and versatile Lithium-lon. Energy storage solutions from GS
Battery are designed and manufactured according to the
most rigorous Japanese quality control standards to deliver
extraordinary performance and exceptional long service life.

ABOUT GS BATTERY (U.S.A.) INC.
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ADVANCED LEAD %4

DEEP CYCLE BATTERY

For Energy Storage Applications

SLR500-2

CYCLE LIFE

The GS Battery SLR500-2 is designed for the high cycle life
requirements of energy storage systems. This battery is rated at
5000 cycles at 70% Depth of Discharge (DOD).

CHEMISTRY

The GS Battery SLRS00-2 is a Vaive Regulated Lead Acid (VRLA)
battery and features Absorbed Glass Mat (AGM) technology. These
long-life, lead-acid batteries provide extraordinary versatility,
reliability and performance at a value price.

COMPLIANCE

The GS Battery SLR500-2 is a UL recognized systems component
and s classified as a “Non-Spillable Battery” for transport. (Complies
with DOT HMR49, Non-Hazardous Materials.)

MAINTENANCE FREE

The GS Battery SLR500-2 is virtually maintenance free and never
requires watering. These batteries minimize energy storage system
maintenance expenses and increase system value.

SAFETY

The GS Battery SLRS00-2 is an inherently safe energy storage
technology. These batteries are non-spillable, do not generate
hazardous gasses with normal use and are constructed from flame
retardant ABS (UL94 V-0).

ENVIRONMENTALLY FRIENDLY

The GS Battery SLR500-2 is an environmentally friendly energy
storage technology. 96% of lead acid batteries are recycled. A typical
lead-acid battery contains 60-80% recycled lead and plastic.

WARRANTY

The GS Battery SLR500-2 is designed to deliver superior
performance and long life in the field and carries a 10-year limited
wa
T

NQ

GS BATTERY (U.S.A.) INC, is a global leader in energy storage. Our batteries are manufactured
to the highest standards and deliver high quality, long life and superior performance in a wide
variety of mission critical applications. GS Battery’s products deliver reliable battery power for
Telecommunications, Energy Storage, Renewable Energy, Uninterruptible Power Supply (UPS),
Emergency Lighting, Power Sports, and Automotive industries.

/
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ADVANCED LEAD DEEP CYCLE BATTERY

CYCLE LIFE vs. DEPTH OF DISCHARGE (+25°C/77°F) CHARGE RETENTION
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UltraFLEX

PRODUCT FACT SHEET

UltraFlex 48 V
Plug 'n’ Play
Energy Storage

With the introduction of the UltraFlex 48V,
Ecoult is making its proven UltraBattery®
technology available for commercial and
residential applications.

With 17 kWh of usable storage at 60% range of charge, and 20 kW
of peak power, the high-cycling, energy-efficient UltraFlex 48 V

is safe and simple to deploy, operate and maintain, making it

the plug 'n’ play energy storage device of choice for a range of
applications and environments, including:

* Residential

¢ Small and medium commercial

¢ Agriculture

e Distributed infrastructure such as mobile telecoms and utilities

* Rugged and remote locations.

Integ

3 3attery Solution

The UltraFlex 48 V offers both high power and energy.
Each UltraFlex unit comprises:

* 16 x UltraBattery 12 V monoblocs with integrated Monitors
* System Monitoring and Control

¢ Over-current protection on each string.

UEEE

23/49

Renewables Integration

+ Smoothing: Smoothing of renewable energy power sources

+ Feed-in management and ramp-rate control: Distributed
management of renewable energy sources feeding into the
electricity grid

Diesel and Off-Grid

+ Hybrid energy systems: Downsizing of diesel/fossil-fuel
generators and reduction of generator use, greatly
lowering costs and fuel consumption and reducing CO, and
other emissions

+

Remote area power supply: Reliable off-grid renewable power
solutions

Energy Shifting/Cost Control

+ Peak lopping/peak demand management: Shifting of energy
availability to cover demand peaks

+ Energy arbitrage: Storage of off-peak energy for use during
peak charge times

Revenue Generation

+ Frequency regulation: Provision of distributed grid ancillary
services or demand response

Any other partial-state-of-charge (PSoC) use

Where batteries may need to charge and discharge rapidly
and frequently.
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rating*

Capacity for

reserve events

regular cycling

Capacity for emergency

Cabinet Spe

! 10-hour rate
i Nominal capacity (100%)
|

‘ Usable capacity

i (60% range of charge)
Usable capacity
(90% range of charge
at 10-hour rate)

UltraFlex
4x48V

20.0 kW

2.8 kw
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28.2 kWh

16.9 kWh

25.4 kWh

citications

Nominal Voltage
Assembly Weight

Indoor UltraFlex Di ions (W x D x H)

Data cable to UltraFlex
compatible inverter

-——1s| |ems  UltraFlex

‘i i =
JoE II"F_'I' 'H_F_'ll B o

=t UltraFlex
n it

i G | | e

Monitors & 12UB700 monoblocs

?

Single line diagram of UltraFlex (included components are
shown within dotted grey line)
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2010 mm

UltraFlex system dimensions

*Charge rate tapered to a voltage limit at the top of the range of charge

48V

1190 kg

| 1x06x2m

T

ww Gg/zZ1

Data subject to change without notice. Based on ambient temperature of 25° C.
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Benefits

Key Features

Modular Design
1, 2,3 &4 x 48V string configurations possible, with up to
16 x 12V monoblocs per cabinet

Plug ‘n’ Play Solution
Available pre-installed or pre-wired for integration on-site,
depending on site accessibility

Small Footprint
Offers 20 kW power at 1-hour discharge rate witha 1 mx 0.6 m
footprint

Passive Thermal Design
Maximizes battery life by channeling airflow to promote
operation within optimum temperature bands

UltraBattery Monitoring

Provides access to state of charge and other vital information
to assist with operating the system within its optimal
performance range

Over-current Protection
Protects the system from excessive current and faults

System Specifications

Operating Temperature
Watt-hour Roundtrip Efficiency
Battery M ing System (BMS) C tions

Interface

User Interface

Over-current Protection

Recyclability

* See Ecoult Use Rules for detailed temperature allowances

25/49

Flexible sizing for different power and energy requirements

Reduced on-site labour and accelerate installation time

Fewer batteries required, so space on-site is optimized

Maximizes your business case and return on investment by
reducing diverging effects of temperature on UltraBattery cells

Enables management of UltraBattery system to achieve
greatest longevity, and monitoring of each individual
monobloc remotely to diagnose issues before going to site

Maximizes safety and longevity with application-specific rated
breakers or switch fuses; breakers can also be tripped by the
battery control system to ensure the batteries operate within
performance limits

10°C-50°C*

Greater than 91% DC-DC for rates below 0.4 C1 (8 kW)

Modbus via ethernet or RS485

Web-based HMI

Fuses or optional circuit breakers per string

Recovery of 95%+ of battery components for production of
new batteries in a true closed-loop manufacturing process
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Behind the Scenes
UltraBattery Technology in Partial State of Charge Use

UltraBattery is a new dimension in lead-acid technology: a hybrid, long-life lead-acid energy
storage device containing both an ultracapacitor and a battery in a common electrolyte.

Conventional valve-regulated lead-acid
(VRLA) batteries, when used for renewable
support, are typically operated in a top-of-
range cycling pattern and can prematurely
fail if operated in the PSoC range for
extended periods. UltraBattery technology
was created to exploit the performance

Carbon i
ke benefits of the PSoC band.

UltraBattery® Technology

Separator Separator

During lead-acid battery operation, lead
sulphate crystals grow on the negative
electrode during discharge and fully dissolve
at full charge. At PSoC some crystals can
become permanent, increasing the battery’s
internal resistance and decreasing its power,
3 capacity and efficiency. UltraBattery chemistry
&—— Carbon inhibits the sulfation, allowing the battery to
Electrode operate with high efficiency at PSoC.

Lead-Acid Cell Ultracapacitor

UltraBattery®

The outcome: UltraBattery processes more
energy in PSoC applications.

UltraBattery is a hybrid, long-life lead-acid energy storage device. It combines the fast charging
rates and longevity of ultracapacitor technology with the energy storage potential of lead-acid
battery technology in a hybrid device with a single common electrolyte.

UltraBattery is a game changer in the
lead-acid family. Lead-acid batteries are

the world's most ubiquitous chemical
UltraBattery is highly efficient in continuous partial-state-of-charge (PSoC) operation: neither storage chemis(w, fa""’?d for "‘ef’_ reliable
totally full nor totally empty. performance in demanding conditions and
their ability to deliver high power and energy.

Processes developed over the past century
support the recycling of old lead-acid
batteries into new ones, making their
production the world’s most sustainable
industry.

With UltraBattery, lead-acid becomes a
fully monitored, fast-cycling, partial-charge
technology suited to almost any energy-
storage application.

To find out more about UltraFlex
including its availability, contact Ecoult

UltraFlex was developed with the support
of funding received from Australian
Renewable Energy Agency (ARENA) under
Every UlraBattery is fully monitored, with browser-based reporting. its Emerging Renewables Program.

Y £ T4
UZEmE (O vl

082017 T +6129241 3001 Einfo@ecoult.com [ Ecoult www.ecoult.com www.ultrabattery.com
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."_ Kawasaki Energy Industrial Equipment Leisure Corporate Info
Powering your potential

S Dec I ﬁ C a t | O n S _ Battery Energy Storage

System

~ About GIGACELL

Nominal voltage(V) 36 < Fasties
Rated Capacity(Ah
(*1) g YiAR) 150 » Structure
Energy capacity(kwh) 5.4 > Specifications
Maximum 0.1sec 161 5 e
output(kW) Characteristics

E3
(223 AUsec i > Applications
Outline dimensions(mm)
Lx W x H(*3) SRR > Brochures -GIGACELL-
Volume(L) 106 > Movie Gallery
Weight(kg) =0 > F’emgﬂt\y Asked
Energy density per unit volume(Wh/L) 51 Questigns
Energy density per unit weight(Wh/kg) 23

* Specifications may change without notice.

*1  Recommended capacity will depend on operating conditions.
*2  Calculated from results of an I-V test of 0.1 sec discharge(0.6V/cell)

*3  Mounting hardware not included.

27 /49
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Powerpacks

Grid Interface

28 /49
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Powerpacks Grid Interface

Powerpacks house the world's most sophisticated batteries. Each « Bi-Directional Inverter
Powerpack is a DC energy storage device containing 16 individual battery
pods, a thermal control system and hundreds of sensors that monitor and
report on cell level performance. « Software

« Powerpack Controller

Learn More

Overall System Specs

AC Voizge 350 to 480V, 3 phases Energy Capacity 210 ¥Wh {AC) per Powerpack
Communications Medbus TCPIIP; DNP3 Cperatng Temparature -22°F fo 122°F [ -30°C to 50°C
Power SOKW [AC) per Powemack Enclosures Pods: [PG7T

Powerpack: IPA5/NEMA 3R
nverter: IPBENEMA 4

Scalabie lnverter Power fromn S0KVA to G25KVA (at 480V)
Systam Efficiency (4C)° 83% round-trip {2 hour system})

Depth of Discharge 100% 38% round-trip (4 hour system)
Dimensions Powerpack Certifications Mafionally accredited certifications to

Length: 1,308 mm (51.5") intenational safety, EMC, uiility and

Width: 822 mm (32.4") environmental legislation.

Hesght: 2,185 mm (86")

Weaght: 1822 kg (3575 lbs)

Industrial Inverter

Length: 1,014 mm (38.87) * Mat Energy daliverad st 25°C (77°F) ambient temperaturs including thermal cantrol

\Width: 1254 mm (42.4")
Hesght: 2182 mm (35.3")
Weight: 1200 kg (2850 lbs)

29/49
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LIM50EN SERIES

Lithium-lon Battery

RELIABILITY AND HIGH PERFORMANCE VERSATILE LITHIUM-ION
MODULES FOR THE DEMANDS OF RENEWABLE ENERGY STORAGE PROJECTS

ABOUT THE LIMS50EN SERIES

The LIMSOEN SERIES from GS Yuasa is a premium rechargeable
Lithium-lon battery module. These modules are manufactured
in Japan using the highest quality components and under
rigorous Japanese quality control standards. These long service
life, high cycle life batteries are designed to deliver excellent
performance in high-power applications where high charge
and discharge rates are required.

The LIMS0EN SERIES battery module is ideally engineered for
the requirements of a wide variety of industrial energy storage
applications including; Renewable Energy, Smart Grid Energy
Storage and Automated Guided Vehicles (AGV). The high
performance LIMSOEN SERIES from GS Yuasa is an excellent
choice for any energy storage application requiring extremely
reliable performance and high power delivery capability.

ABOUT GS BATTERY (U.S.A.) INC.

GS BATTERY (U.S.A.) INC. is a global leader in energy storage. Our batteries are manufactured
to the highest standards and deliver high quality, long life and superior performance in a wide
variety of mission critical applications. GS Battery’s products deliver reliable battery power for
Telecommunications, Energy Storage, Renewable Energy, Uninterruptible Power Supply (UPS),
Emergency Lighting, Power Sports, and Automotive industries.

/
@SYUASA Group Company

HIGH CYCLE LIFE

Engineered to deliver high cycle life and high power. These batteries
are rated for 10,000 cycles @50% DOD, 6,700 cycles @ 80% DOD.

EXCELLENT HIGH CURRENT CHARGE/
DISCHARGE CAPABILITY

Designed for high specific power density and peak charge and
discharge rates up to 6C.

PARTIAL STATE OF CHARGE

PERFORMANCE

Not effected by partial state of charge (PSOC) operation. The
formation of sulfate crystals that causes early failure in other
battery chemistries is not a factor in this battery.

RAPID CHARGING

Engineered to accept a charge extremely rapidly. These batteries
can charge to 70% of rated capacity in 30 minutes.

HIGH EFFICIENCY
Very low energy conversion losses and delivers greater than 95%
round trip efficiency during each charge and discharge cycle.

INTEGRATED BATTERY MANAGEMENT
SYSTEM (BMS)

Includes an integrated BMS which actively balances cells and
monitors ceil voitage, temperature, state of charge (SOC), over-
current, over-charge and provides fault detection via CANbus or
RS485.

w
o
o
=
s
2
[}
o
<
s

30/49

127



TAMPA ELECTRIC COMPANY
UNDOCKETED

DSM ACCOMPLISHMENTS
FILED: MARCH 1, 2018

(GsyUasa LIM50EN SERIES

Lithium-lon Battery

The data is for rgferen:e purposes. Actual p_erlormance varies by condition.

CYCLE LIFE vs. DEPTH OF DISCHARGE (+25C / 77F) CHARGE RETENTION
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* w0 - 25°C = 45
[
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DISCHARGE CHARACTERISTICS (+25C/77F) CYCLE LIFE PERFORMANCE BY BATTERY TEMPERATURE
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SPECIFICATIONS
DIMENSIONS
MODEL RATED o5
NUMBER CAPACITY S e O L
mm in.
LIMS0EN-852-F2-K 29.6 440 17.32 18.0 | 39.68
47.5 219 | 862 | 128 504
LIMSOEN-12S2-F2-K 44.4 617 | 24,29 27.0 | 59.52
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GS BATTERY (U.S.A.) INC.

1150 Northmeadow Parkway, Suite 110
Roswell, GA 30076

T 800-472-2879

www.gsbattery.com Y\/JASA Group Company
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SIMPLIPHI YOUR POWER WITH
ACCESS (22ully ntegrated energy storage and

* AccESS power security with safe, reliable, DSLEEATS
nen-hazardous and efficient energy storage

¢ AccESS any power generation source with
intelligent management

B 1)
)

* AccESS your own power when and where you g".
need it - inside or outside your home or business - W

STANDARD FEATURES simpliphi
Pre-programemed SSfo badkup powe;, peak-shaving, and sel-consumption of solarPY

{
intermal transfer switch automaticaily disconnects from the arid during power outages and y .
orovides siandby power far critical diecuits

Outdoor rated enclosure can be free-standing, cr pad-mounted
Advanced LP batteries with & 10,000 cycle / 10-year wamanty
8% round irip effiency

Remote manitoring by web biwser or mobile davice app
Notherm! ceguation, conling. of risk of fre

Exendad operating temperatire

Do []
OPTIONAL FEATURES /

Solar MPPT for DC-tounled or off-grid instaflations

Rutormatic Generator contio for additional standby power N

Wireless gateway for cell modem or WiF connection
Manufactured in the United States

SimpliPhi Power designs and manufactures efficient, non-toxic and enduring energy
storage and management systems that utilize lithium ferro phosphate (LFP). Based in
California, SimpliPhi combines non-hazardous LFP chemistry with its proprietary cell and
battery architecture, power electronics, battery management system (BMS) and assembly
methods to create safe, reliable, durable and highly scalable on-demand power solutions.
Available for the residential, commercial, military and emergency response markets,
SimpliPhi Power storage solutions have been rigorously tested and passed operational
performance requirements by the U.S. Army and Marine Corp. Integral to all SimpliPhi
Power solutions is a proprietary management system that further optimizes the life-cycle,
round-trip efficiency rate, performance and durability of its batteries. SimpliPhi Power
storage system components are UL certified and the PHI 3.4 kWh 24V and 48V 60 Amp
batteries are ETL Certified, UL 1973 Standard.

Power, On Your Terms.™

. . .
@ S”ﬂ‘)l |ph| 420 Bryant Circle | Ojal, CA 93023, USA = +1(B0S) 640-6700 | SimpliPhiPower.com
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SIMPLIPHI YOUR POWER WITH
ACC E S S to a fully integrated energy storage and

management solution
APPLICATIONS

SIA (Standard Interconnection Agreement) NEM (Net Energy Metering) customers: add Off-grid customers; ESS with 4.8 kW Solar
customers: ESS aliows for solar PV power to standby power and peak-shaving to a new MPPT combines pawer generation and
be self-consumed, curtailing PV production or existing net-metered solar array energy management in a single package

10 prevent the export of power to the arid.

Compatible with both string inverters and

micro-inverters,

SPECIFICATIONS

General

Size H72x D16 x W 28 in (w/feet)
(H183xD40.7 x W 71.2¢cm)

Weight 10.2 kWh - 701.3 Ib / 318.10 kg

Environment
Operating Temperature
Mounting

NEMA 3R Qutdoor rated
-4 t0 122 °F | -20 to 50 °C
Free-standing or pad-mounted

AccESS Il

H72x D16 x W 28 in (w/feet)
(H183 x D 40.7 x W 71.2 cm)
6.8 kWh - 701.3 Ib / 318.1 kg
NEMA 3R Qutdoor rated

-4 t0 122 °F | -20 to 50 °C
Free-standing or pad-mounted

Schneider Electric Conext XW+ 6848 NA

Application On / Off Grid

AC Connections 1 Grid Port, 1 Generator Port
AC Qutput 30 A, 120/240 V AC, 60 Hz
Rated / Peak Power 6.8/ 8.5 kW (10.2 kWh Model)
Max Charge Rate 60 A AC, 7.2 kW

CEC Weighted Efficiency 92.50%

Conext XW+ 6848 NA

On / Off Grid

1 Grid Port, 1 Generator Port
30 A, 120/240 V AC, 60 Hz
5.5/ 7 kW (6.8 kWh Model)
60 A AC, 7.2 kKW

92.50%

Battery

SimpliPhi Power

UL Rating ETL Certified UL 1973 Standard
Capacity 10.2 kWh

Max Depth-Of-Discharge 100%

Round Trip Efficiency 98% - ’7

Cycle Life 10000 ¥ T0/» %0
Warranty Period 10 years

Solar (select models)

PHI 3.4 kWh 48VDC 60 Amp (x3) PHI 3.4 kWh 48VDC 60 Amp (x2)

ETL Certified UL 1973 Standard
6.8 kWh

100%

98%

10,000

10 years

Schneider Electric Charge Controller Conext MPPT 80 600

QOutput Power, Max 4.8 kW
Charge Current, Max 80 ADC
PV Array Voltage, Operating 195 to 550 V DC

PV Array Voltage, Max Open Circuit 600 V DC

Conext MPPT 80 600
4.8 kW

80 ADC

195 to 550 vV DC

600 vV DC

Conext AGS
Conext ComBox

Schneider Electric
Wireless Gateway

Conext AGS
Conext ComBox

Power. On Your Terms.™

420 Bryant Circle = Ojol, CA 93023, USA

@ simpliphi
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FEATURES AND BENEFITS - LITHIUM

FEATURE

Inherently safe chemistry. PCB/BMS provides extra protection.
DROP-IN REPLACEMENT Available in standard industry sizes.
LIGHTWEIGHT 50-60% less weight than lead-acid equivalent.

LONGEST LIFE L _Up to 10X longer LyCIE life than lead-acid equivalent.
MORE USABLE CAPACITY ‘ 25-50% more capacity than lead-acid equivalent.

CONSTANT POWER Full power available throughout dnarhnrgo Voltage does not drop like lead-acid.
TEMPERATURE TOLERANT | 2.5X more efficient operation at low temperatures. afely oporanonal up to 149°F (65°C).

CHARGING - FAST & SAFE Highly efficient charging. Can fully charge in 1-3 hours. Built-in overcharge protection.

PSOC TOLERANT | No damage from partial state of charge operation or storage.

LEN—G_ SHELF LIFE | Low self-discharge so battery maintains state of charge.
MAINTENANCE-FREE Plug, play and charge. No watering.
NON- -HAZARDOUS No gasses emitted.

INSTALLATION FLEXIBILITY Can be installed upright or on its side.
CUSTOMIZABLE Easy to customize for your size and power needs.

LITHIUM PRODUCT SPECIFICATIONS

: Weight
Grouv izef AH [ Min®25A (Wh) [Continuous A[Paak A)] Length T width T Height | Ibs (ko)
12V STANDARD

12 64 5.9(151) 2.6(65) 39(99) 20(0.9)
24 128 S5.9(151) 3.9(98) 4.0(101) 3.6(1.65)
48 7.1(181) 3.0(76) 6.7(169) 5.6(2.55)
84 7.8(195) 52(131) 6.7(171) 11(4.8)
96 7.8(197) 65(166) 68(173) 12(54)
120 7.8(197) 65(166) 68(173) 15(6.7)
180 10.2(260) 6.6(168) 8.6(218) 24(10.7)
192 12.0(305) 6.6(168) 8.6(219) 25(11.3)
13.2(335) 6.9(174) 7.5(191) 25(11.3)

13.0(329) 6.8(172) 8.8(223) 30(13.5)

13.2(335) 6.9(174) 7.5(191) 30(13.7)

20.5(520) 10.5(267) 9.0(228) 61(27.7)

3840 20.5(520) 10.5(267) 9.0(228) 83(37.5)

12V - X-SERIES (Hngh continuous and peak performance)
NA 20 48 256 20 7.1(181) 3.0(76) 6.7(169) 5.6(2.55 FLAG TERMINAL
u1 35 84 448 100 7.8(195) 5.2(131) 67(171) 11{4.8) M8
- 60 144 768 200 10.2(260) 6.6(168) 8.6(218) 20(8.9) M8
12V - HP-SERIES (High peak performance)
100 240 1280 800 13.0(329) 68(172) 8.8(223) 30(13.5) M8
- DIN 100 240 1280 800  13.2(335) 69(174) 7.5(191) 30(13.7) M8
300 720 3840 800 20.5(520) 10.5(267) 9.0(228) 83(37.5) M8
RB100-LT (Low temper.ﬂurc operation)
3 100 240 1280 200 13.0(329) 6.8(172) 8.8(223) 30(13.5) M8
24V - STANDARD
31 100 13.0(329) 6.8(172) 88(223) 29(13.2) M8
NA 200 20.5(520) 10.5{267) 9.0(228) 61(27.7) M8
148V - STANDARD
200 22.8(578) 16.1(410) 7.8(197) 154(70) M10M
250  34.1(867) 14.1(358) 15.5(393) 265(120) M10M
200  29.1(740) 19.9(506) 16.1(408) 359 (163) M10M
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{\ GRIDBANK GB35 & GB50

THE FIRST NON-FLAMMABLE LI-ION ESS FOR C&I APPLICATIONS

The GB35/GB50 mini Alevo ESS GridBanks™ are the most advanced Energy 4
Storage Systems for the Commercial and Industrial Markets, offering the highest level of ""‘
Safety, Robustness, Reliability and the lowest levelized cost of storage (LCOS). At the heart of SBANK
the 35 and 50 kWh systems is Alevolyte™ - Alevo’s patented proprietary inorganic electrolyte. 3
Alevolyte’s properties make Alevo batteries non-flammable and capable of extreme long life

ALEVEC

ALEVOLYTE
[

{50,000+ cycles), while facilitating the GB35/GB50 to continue to provide their nameplate high
power output (70 & 100 kW respectively).

The GB35/GB50 are workhorses that are best used to insure reliability for must-run critical
loads - hospitals, data centers, sensitive machinery, continuous manufacturing processes, hotels,

island resorts, mines and microgrids. The GB35/GB50 are pertect for DC fast charging stations

for EVs due to their high power and non-flammability.

Aleve can provide a custom needs assessment and develop an energy storage solution

that best suits your needs. Get the conversation started ot www.alevo.com/gridbank/RFP.

COMMERCIAL & INDUSTRIAL

Peak Shaving
(Demand Charge Mitigation)

Renewables Integration
Backup Power

UTILITIES
Substation Backup Power
Voltage Support
T&D Deferrol
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ENERGY STORAGE SYSTEM DETAILS
GRIDBANK GBS0
e

X
At the heart of each o

ALEVOLYTE 4 P | o
Llnonean ot e - ESS is Alevo's 3 A
inorganic electrolyte which cannot burn or
explode. See for yourself at www.alevo.com/demo.

NON-FLAMMABLE FLAMMABLE

BATTERY MOOULE BATTERY TRAY

* Multiple ESS can be stacked to meet capacity needs

* Can be configured to meet various voltage needs

| * Compatible with domestic and international voltage

ALEYOLYTE ‘ BRAND X ,
sy ==t * Baottery management system included
[
JGRIDBANK GB35 TECHNICAL SPECIFICATIONS
External Ambient -20°C - 45°C
35 kWh /70 kW Temperature Range (-4°F - 113°F)
8 Cells per Module 4 Modules per Tray Rel I"T:':“ny 20% - B0%

e
e Temperature Range (50°F - 86°F)
| 2Trays per Shelf 7 Shelves

Extended Storage 10°C - 50°C ;_5
Temperature Range (S50°F - 122°F) s
N
£y GRIDBANK GB50 )
— Diivensions B4" x 35.5" x 35.5" (GB35)
108" x 35.5" x 35.5" (GB50)

50 kWh /100 kW
TR 4 Modules per Tray Rack DC Power: 800 - 1150 VDC

| 0.616 kWh per Module [EEPIEFATERS
2 Trays per Shelf 10 Shelyes

Electrical Rating 2C Charge - 89 A average - 30 mins

4C Discharge — 178 A average - 15 mins

REDEFINING ENERGY

www.alevo.com
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THE ALEVO GRIDBANK STORAGE SYSTEM

The GridBank is a fully integroted and vertically engineered storage system. Alevo’s GridBank storage system contains 22 separate rack
doors and is designed to be easily maintained with direct access to individual battery racks. By accessing isolated racks from outside
the container, servicing o GridBank by qualified technicians is possible without turning off the entire system, ensuring more uptime and
increased operator safety.
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When fully loaded, each GridBank storage system contains 2 MW / | MWh. GridBanks are a scalable solution which can also be installed
without an enclosure using specialized racks that can be housed in existing structures or custom builds,
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Designed & Engineered for Maximum Uptime

)
L.} EACH 2MW GRIDBANK CONTAINS:

14,080 Battery Cells 8 Cells per Module

1,760 Battery Modules 4 Modules per Tray BATTERY CELL

440 Battery Trays 2 Trays per Shelf

BATTERY
MODULE

220 Shelves 10 Shelves per Rack

22 Racks
per GridBank

BATTERY TRAY

135
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GRIDSTAR™ LITHIUM-ION ENERGY STORAGE SYSTEM

Turn-key energy storage for commercial, GridStar™ Li-lon Energy Storage Unit Specifications

industrial, and utility applications ; Tuiff-key outdoor-rated energy storage system

« Demand Charge Reduction System Description including AC/DC protection, power conversion, energy
* Renewables Integration ... storage, thermal management, and controls

.« T ission and Distribution Investment Deferral Maximum AC Power 100 kW to 375 kW config,

* Frequency and Voltage Regulation Maximum Energy Capacity 200 to 600 kWh AC; beginning of life

* Microgrid Support  Round Trip Efficiency >90%

__Epotprl_nl R B A 5Dx12'Lx8H
~ <17,000 Ibs (7,711 kg)
Lithium-ion

Complete solution. Compact package.

Offering you:
* Ease of installation and compact footprint
*  Flexibility — modular in 100-375 kW, and
200-600 kWh, _increments
* Scalability - simple to scale up to MW-class applications
+ AC-coupling of multiple energy storage units
* Full Lockheed Martin warranty

RS-485 / Modbus, Ethernet / Modbus TCP
Compatible with Lockheed Martin or
A 3rd party provided
3-year standard, 10-yr option available
-22" to 122°F (-30 t0 50°C)
NEMA 4X

L3

Certifications
toeKEsp n‘.ﬁj — -
B System _UL9540design
Inverter UL1741, IEEE 1547 o
- Battery Cell UL 1642

LOCKHEED MARTIN

Contact Information:

stora, @lmuoener.g‘y.com, (617) 374-3797 x234

www.lockheedmartin.com/energystorage © 2016 Lockheed Martin Corporation
one
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Trinabess

TrinaCommercial

Trina Energy Storage Solutions for Commercial Installations

®@

Safety Multi-function

* Passes strict safety regulation(UL, CE. RoHS) * Reduces electricity bills by reducing confracted power

« Antiislanding protection « Acts as a valuable asset for Energy Arbitrage

* 10-year warranty * Frequency regulation

40/49
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Trinabess

Batrery knergy Starage Systems

Specifications

Battery Inverter (PCS)

nma Oufpul Power

IP holccﬂon Class P21

System

17

Operating Temperature Range 0~ 45C [-10~0C with derating)

CAUTON: READ SAFETY AND INSTALLATION INSTRUCTIONS BEFORE LSING THE PRODUCT,

41/49
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Trinabess

Eavrgy S10rge Systemy

SYSTEM DIAGRAM

EMS
TECHNICAL DATA
Model ! TrinaMega
Power Rating (kW) } 500 / 2,000
AC Voltage (V) 400
Grid Frequency (Hz) 50/60
THD - <3%
Operating Temperature Range (C) 7 -20-50
Protection Level 1 P54
Fimenalon(mm) _— Zi2atase e . cuima
500kWh~2MWh ! 15Minutes~4+ Hours | ~88% ' Fast Sub-second
Copocity Scolobity H Durction ! System E‘ficiency (AC~AC} | Response Time
APPLICATION

Toctary

42 /49
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3 |

E > 50kW/400kWh Energy Warehouse™

THE MOST SUSTAINABLE LONG-DURATION

STORAGE CAPACITY AT THE LOWEST LCOS
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ENERGY STORAGE FOR CRITICAL PROJECTS

Utilizing earth-abundant iron, salt and water for its electrolyte, and simple materials
for battery components, the Iron Flow Battery (IFB) from ESS Inc. is a durable,
environmentally-safe, long-duration storage solution that is ideally suited for:

* time-shifting renewable energy on a daily basis,

* managing a facility's demand or TOU charges, and

* smoothing the intermittency of renewables on a constrained grid.

The IFB has a lifespan that exceeds 20,000 cycles, has low maintenance
requirements, and an energy capacity of over 6 hours, It matches well with the
25-year life span of solar and wind projects, supporting those applications’ low
levelized cost of energy (LCOE) requirements.

Concurrent with serving these applications, the IFB's inherent quick-response
power electronics can perform ancillary services such as voltage and frequency
support on microgrids and utility-scale applications.

TECHNOLOGY

All-iron redox (reduction-oxidation) flow battery technology by ESS is based on

the elegant simplicity of the electrochemical ferrous/iron plating reaction on the
negative side and the ferrous/fernc redox reaction on the battery's positive side.

Negative side — plaling side Positive side — redox side

140

ALL-IRON FLOW BATTERY

@SS

Each ESS Iron Flow Battery system is built in 2 40’ long by 9'6" high customized shipping
container housing. Separate containers can be stacked to conserve space.

FEATURES AND BENEFITS

* Cost-effective, made of Earth's basic elements

* Environmentally safe, non-toxic electrolyte
- Non-flammable - No corrosive acids
- No hazardous materials - No noxious fumes

* Long-duration storage (over 6 hours) smoothes renewables
output, and reduces demand charges.

» Provides flexibility for power and energy use cases

* Long life, 20,000 cycles, low maintenance

* Transports p bled anywhere worldwide
-The electrolyte can be hydrated onsite
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SPECIFICATIONS

FEATURE

Electrical
Power

Energy Capacity
AC Interface

Communications

Mechanical

Enclosed ISO Container
Dimensions

Weight (Dry)

Weight (Wet)

Environmental -
Battery
Electrolyte

Operating Temperature
Warranty
Certification

Performance
Cycle Life

AC/AC Peak Roundtrip Efficiency

Response Time

DATA

50 kW (AC)
400 kWh
480 VAC, 3-phase

Remote Monitoring
3rd Party Data/control

40Lx8Wx9 6"'H
12,700 kg

33,200 kg

Recyclable components
FeClp, KCI, HoO

-5°C to +50°C

Comprehensive 20-Year

NRTL Field Certification
UL

>20,000 cycles
>70%

Full power in <1 sec.

Notes

100% available

Proprietary interface
Modbus interface

Turnkey AC system

Non-flammable, non-corrosive

Can extend range with active
temperature control

With continuous extended
Service Agreement

Meets AHJ requirements
Pending

Te 100% DOD

80% DOD cycles

From standby, inverter limited
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Each Iron Flow Battery and its AC electronic
components are housed in a shipping
container for transportability and protection
from the elements.

For more information, contact:

“
z

ENARGY STORAGE SYATIMS

ESS, Inc.
SW Upper Boones Ferry Rd.
Portland, Oregon 97224

Tel: (855) 423-9920
Email: info@essinc.com

www.essinc.com

Copyright © 2016 ESS, Inc. Al rights reservecd
Specifications may change wihout notice. {FB-400D5-062217
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GS200 PRODUCT SHEET

Engineered for Safety. Non-toxic, non-explosive, non-fllmmable, the GS200 Energy

Storage System is self-contained, modular storage system delivering the most cost effective
and safest energy storage on the market. The Zinc/Iron redox flow incorporates the most
efficient and worry free non-acid chemistry available today. The flexible GS200 modules
can be interconnected for higher power and energy requirements.

45 /49

High power, short duration: Quick response and millisecond (ms) switching Battery stacks
between charge and discharge cycdes make the GS200 suitable for rapid response Designed using abundant,
applications such as freq y and voltage lations requiring high power. Inexpensive materlals

High capacity, long duration: High endurance redox design provides flexible State-
of-Charge (SOC) output even during the most punishing duty cycles without SOC

limits or capacity fade. Greater than eight hours discharge at nominal rated power
output, and 2.4 hours continuous discharge at maximum rated power output.

State of Charge access: The GS-200 process allows for 100% dynamic range of
the SoC. This access to full capacity of the battery without damage gives the GS200
significantly more useable output than competitive batteries.

Low cost alkaline chemistry
Inherently safe, non-toxic, non-
flammable, non-explosive

High quality seamless tanks

Heavy-duty cycle: ViZn's flow battery can cydle at high frequency and at high power Rotomolded high strength
several times per day without the ill effects of overheating which enables it to polypropylene

support simultaneous revenue grade applications without reducing the battery life.

Safety:ViZn flow batteries are manufactured with non-toxic, non-explosive and

non-flammable materials. The batteries do not pose a risk to people, communities or Rapid ROl

the environment, Low O&M,

Value: The unique combination of long cydle life, plus high power and high capacity
in the ViZn flow battery offers the best value for utility, micro-grids and commercial
& industrial applications

142
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ViZn

AL 11BN GS200 SPECIFICATION

GS5200 1 MW 1.0 MW/3.0 MWh (5 units) GS200 1.4 MW/4.2 MWh (7 units)
G5200 ety o Mo Enesqy Miinimum DC Maodrmusm DC Hours @ Hours @
(MW) Power (W) Power (kW) (kKWhy Voltage Voltage Madmum Power  Nominal Power
1.0 340 1,000 3,000 400 625 24 88
12 400 1,200 3,600 480 750 24 88
14 470 1,400 4,200 560 875 24 88

ESU ELECTRICAL (TYPICAL 1 MW INSTALLATION)

Life-time 10,000 cycles @ 100% DOD - 20 years
Maximum power 1,000 kW

Energy 3,000 kWh

Duration at maximum power 2.4 hours

Nominal power 340 kW

Duration at nominal power 8.8 hours

Charge to Discharge switching time <25 ms

DC voltage range (nominal min/max) 400/625VDC

DC current range (nominal min/max) 470/700 A

Max DC current 2,400 A

ESU efficiency - AC/AC 74% at nominal power

ESU efficiency - DC/DC 90% at nominal power

Auxiliary power required 480 VAC, 60 Hz, 3 Phase

ESU MECHANICAL AND OPERATING

Communication USB, 485, Modbus Ethernet

External operating temperature -10°Cto45°C (14°Fto 113°F)

Internal ambient temperature 10°Cto 50° C (500 F to 122°F)

ESU weight power module 18,900 Ibs (8,573 kg)

ESU welight energy chemistry module dry/wet 5,000 Ibs/120,000 Ibs (2.270 kg/54,431 ka)
Safety/Regulatory Compliant with UL, CSA and CE requirements
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( PRIMUS
POWER.

ENERGYPOD 2
47 /49
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* Peak shaving

* Bulk energy shifting

* Renewables integration

* Smart grid support

* Islanding/black start

Thermal Electrade Stacks

Management \ { Battery

Systam Management
System

| pc.oc
convertec
Electiolyte
[ 4 = tank
\,

* Cold weather package

* Hot weather package

* Black start

* Hybrid flex flow

* Primus Energy Management System

(PEMS)

* Multiple front cover color options

All options packaged within EnerqylPod enclosure

Specifications are subject to change without notice
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TECHNOLOGY

Battery type
Electrodes
Cell architecture

Flow architecture

PERFORMANCE
Rated power

Rated discharge energy
At rated power

EnergyPod efficiency

Roundtrip DC inel. auxifiaries ar 25°C ambient

Depth of discharge

PHYSICAL
Dimensions

Mass
Handling/transport

COMMUNICATIONS

Supported protocols

ENVIRONMENTAL

Ambient temperature

With base package

Ambient temperature

With optional cold and ot weather packages
Humidity

Enclosure

Seismic

STANDARDS

Zinc bromide flow battery
Titanium
No separator/membrane

Single tank, single pump, single flow loop

25 kW
125 kWh

70%

100%

18x21x22m
4,200 kg

Farklift, pallet jack. crane,
standard ISO shipping container

TCP/IP, Madbus over TCP/IP or
RS485, DNP3, SCADA, Open ADR,
CAN Open and OPC Server

-5'C1040°C
-30°C to 50°C

Non-condensing
|Ps4/NEMA 35
IEEE 693

Designed to comply with: UL 9540, UL1973, NFPA 70, IEEE 693
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3967 Trust Way

Hayward, CA 94545 USA
Phone: +1510 342 7600
Fax: +1510 3427699

www. primuspower.com



Primus EnergyPods use non-flammable zinc bromide electrolyte with safety risks lower
than most other batteries

Flammability

Health

Health
Can cause
Primus EnergyPod permanent
injury
Lilon permanent

Vanadium flow permanent

| Fire Pr

Hazard Ratings

49 /49

0= lowest hazard level
4 = highest hazard level

Sodium sulfur permanent

Lead acid permanent

Bt Prmias Powse salety 1arng anabyvis pariormed by Masard Solutons, nc Spring 1015
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Flammability

Will not
burn

Flash point
38'Cto
93°C

will not
burn

burn

Flash point
38°Cto
93°C

Instability

0 Stable

Violent chemical
2 change at
highTor P

Violent chemical
2 change at
high T or P

Violent chemical
7) change at
highTor P

Can become
1 unstable at
highTor P

Specific Hazard
COR  Corrosive
Reacts

W violently
with water

COR  Corrosive
Reacts

w violently
with water

COR  Corrosive
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