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why Is Storage Important?




UltraBattery®

UliraBattery® Technology

Sepc&ofor Seporefor
+ =+

Carbon
Electrode

Lead-Ac\id Cell Ultracajpacitor

UliraBattery

<+ Carbon
Electrode




UltraBattery®

The New Dimension in a Lead Acid World

Starter Motive Standby

Battery Battery Battery Battery
New Lead-Acid

Market Size: Market Size: Market Size:

$15B

State of Charge




UltraBattery®

The New Dimension in a Lead Acid World

High Efficiency in Partial State of Charge Use

State of Charge Lower Efficiency &

100% higher rate of
degradation

80% 1

953%.—~ 95%
) 0OC tc. DC
7 e =

Lower Efficiency and higher
0% rate of degradation.
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Direct Renewable Enhancement




Hampton Wind farm
Wind Smoothing




Electrical Single Line Diagram (&) scout

Of Hampton Wind Farm Energy Storage System

Power Smoothing —
Containerized VRLA Converter with
UltraBattery Cells Power

(2 x CUBS) Regulator

MW BES SYSTEM
Grid-Tied SUPPLIED BY

Inverter

EPM/ECOULT



Smoothing (®) scout

CTRTGY HOrOPe SOLHONS

Of Wind Output and Romp Rate Reduction

Hampton Wind Farm: Smoothing of Wind Power and Ramp Rate Reduction
28 September 2012

Turbine Output Algorithm Request . Battery Output Overall Smoothed Output (Turbine plus Batteries)
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PNM Prosperity Project

Solar Smoothing & Shiffing/Firming
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2 Clear Days & 1 Cloudy Day

PV Smoothing

s PV Output

Cloudy Day
Battery Output

mm—— System Output

15 Minute Window



Manual Shifting

Firm AM Output ' = Firm PM Energy Output

Automated Shifting Service Starts

e —
-~

Firm PM Energy Output

s T

Stored PV Energy

Refined Automated Shifting Service Starts

———
-

Firmed PV - Clear Days

ecoult

PV Firming

Firmed PV - Cloudy
Days with Simultaneous

Smoothing

PV Output
Battery Output
System Output
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Enhancing Diesel/
Renewable Minigrids



Microgrid Diesel £fficiency

Typical Diesel Generator Efficiency Curve

Source: XXX



Single Diesel

24 hours

Fuel Efficiency Curve




Single Diesel

Power

Power

100%
O

(*]
)

0%

PSoC UltraBattery® Cycle

24hrs

24hrs




Single Diesel

Diesel Efficiency - Using Diesel in the Efficient Band
PSoC Cycle

Diesel Consumption - 10% to - 50%
LCOE - 10% to - 30%

Co, - 10% to - 50%

Diesel Longevity 2.0X




Adding Renewables

Y Load
PV :

48 hours

Fuel Efficiency Curve



Adding Renewables () ecoutt

PSoC UltraBattery® Cycle

PV

Power

A,

-

| 48hrs

Power

100%

SoC

0%

24?""’5 |'48hrs




Adding Renewables () ecoutt

PSoC UltraBatltery® Cycle

Match Renewable Power

Manage Renewable Variability

PSoC Cycle

Diesel Consumption - 50%+
LCOE - 30%
CO, - 50%+
Diesel Longevity 2.5X

Battery Replacement 2.5X




Multi Gas Diesel / Renewables

PVJ\

AMAMAM L AP

/\r’\f\mAK

7 Days

Fuel Efficiency Curve

Load




Multi Gas Diesel / Renewables

PSoC UltraBattery® Cycle

Total Renewable

- ot oA :
- Gas 5 7 days (1)00%
A 3

0% =&




Multi Gas Diesel / Renewables

Diesel Efficiency - Using Diesel in the Efficient Band

PSoC Cycle

Diesel Consumption - 20%+

LCOE - 5% to - 25%




Frequency Regulation
VAR Correction
Spinning Reserve




Microgrid Diesel Efficiency




Microgrid Diesel E£fficiency
3 Day Cycling

String State of Charge (SOC)

110

— String 4

A A ‘ [—String 3
String 2
| v String 1
0

9/09/2018 9:00:00 10/09/2018 0:48:45 10/09/2018 16:37:30 11/09/2018 8:26:15 12/09/2018 0:15:00




Microgrid Diesel E£fficiency
3 Day Cycling

String Voltage

Y4

Strings¥,
2,3, 4

Voltage
51

.

45
9/09/2018 9:00:00

10/09/2018 0:48:45
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/
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12/09/2018 0:15:00




Telstra Microgrid Diesel £fficiency
3 Day Cycling

String Current

12.5

String 2
g | String 1

— String 4

-25

S0 J — String 3

-50
9/09/2018 9:00:00 10/09/2018 0:48:45 10/09/2018 16:37:30 11/09/2018 8:26:15 12/09/2018 0:15:00




Current Projects

Hydro Tasmania — King Island Renewable Integration Project (KIREIP)

Renewables Integration and Diesel Reduction




Hydro Tasmania - KIREIP Project

King Island Renewable Energy

Integration Project (KIREIP)
Overview

Renewable generation

2004
% oW
Solw PV

Sclar photovoltalc array

(SRS &l‘v
[ ——Ty—— Tasmania
L A Cophime Vbt ponds i

Thermal generation

Stanon SLamOn oper e
[ Ircertace

Station control
A

121
Sman Grd

Smart Grid - demand side management

Hydro
Tasmania

The power of natwral thinking

Enabling Technologles

2011-12 Duesel

2012-13 Upadane
Enerpy siorage

W hnology
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Addressing Variability
on the Grid



PIM Frequency Regulation

Regulafion Services

m * The project is supported by funding from the U.S. Department of
Energy under the Smart Grid Storage Demonstration Program.




Regulation Services on PIM

PJM Regulation Services Signal, 22 May 2014

PJM Request BESS Response
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Regulation Services on PIM ecoult

Mileage
eljle)

Traditional
Regulation

. Mileage
Dynamic Ratio
Regulation 3.1




Regulation Services on PIM

Regulation Market Capability Regulation Market Perfformance
Clearing Price (RMCCP) Clearing Price (RMPCP)

PJM introduces PJM introduces

performance performance
payments mileage modifier

Nov-16 Jan-17 Mar-17 May-17 Jul-17 Sept-17 Nov-17 Jan-18
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Combining Functions to Make

Storage £Economics Compelling



Dual Purpose ) ecoult
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Reserve Capacity

Baftery

in Partial State
of Chorge (

Conventional Battery
on Float




PIM Frequency Regulation

Regulafion Services

W




Multi-Purpose Storage System () scoutt.

Storage Facility #2:

100 kW Frequency
Regulation

250kW UPS/Back-up




Multi-Purpose Storage System

Storage Facility #3:

200 kW Frequency
Regulation

200 kWh Demand
Management

200 kW UPS/Back-up




£conomics
Multi Purpose vs. Regulation Service

PURE
REGULATION
SERVICES

MULTI
PURPOSE

Initial
Capital

Initial
Capital
Vyears




Marginal Differences to Support Multi Purpose (&) ecoutt.

Marginal cost to increase size of battery store
+ slightly larger footprint

MULTI IRR based on marginal cost of UltraBatteries
PURPOSE and additional space required




UltraBattery® ecoult.

Partners




UltraBattery Projects

‘Wind Smoothing

-

J Solar Smooth. & Shift.

*Courtesy of Furukawa Battery



Comprehensive Product Suite

Indoor

Ovutdoor



John Wood, CEO

www.ecoult.com
www.Ultrabattery.com
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