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Xtreme Power, Inc.

Company Overview

Developer and manufacturer of Dynamic Power Resources™

Founded in 2004 in Austin, Texas
20+ years of R&D in our technology
Projects operating, contracted, and in final negotiations: >70 MVA, > 60 MWh

US-based manufacturing
= Oklahoma and Texas

Over $50 MM in funding: SAIL VP, Bessemer VP, Dow Chemical, Fluor,
Dominion Power, BP, POSCO, Skylake Incuvest

Utility industry leadership on our Board — Pat Wood, Foster Duncan
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Target Segments
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Ramp Control T&D Deferral Frequency

Regulation Peak Shaving

Curtailment
Mitigation Voltage Support
Voltage

Firming/Shaping Regulation

Load Leveling

) Power Quality
Interconnection

Compliance
Responsive
Reserves

: : Grid Reliability
Grid Services Enhancement

Power Quality



), SRR LA
Proof of Performance

Ramp Control Profile
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Xtreme Power Technology

Power Electronics

« Bi-directional inverter/charger
technology

» Full four quadrant performance,
managing real & reactive power
requirements

« Solid State
— Microsecond response
— Nominal O&M

« Closed-Loop Water Cooled

« Switch from+1.5MWto-1.5 MW
in <80 ms
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Xtreme Power Technology

Real-Time Control System

Real-Time Control System
PowerCells™ (MWh)

Power Electronics (MW)

« Dynamic Power Resource contains 1 or more Dynamic Power Modules
— DPMis Inverter / PowerCell combo with sbRIO integrated controller.

* One RT Controller can control multiple DPM



Xtreme Power Technology

Real-Time Control System

== kP Web Server
e el o L (YR L mySQL database
T LabVIEW User Interface

Continuous power quality

measurements at 100 Hz.
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NI PXI-1042 Chassis
NI PXI-8110 RT Controller ‘ ill
NI PXI-7854R FPGA i
NI 9151 Expansion Chassis 2o ! oW
NI 9225 PT Input
NI 9239 CT Input

NI-9642 sbRIO
Inverter Control
PowerCell Management
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Xtreme Power Technology

Real-Time Control System

e

'.M mu:‘-

Control cabinet with RT PXI controller.

System acquires PT and CT voltages from
NI-9225 and 9239 analog input modules.
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Xtreme Power Technology

Real-Time Control System

Main RT processing loop runs at 100 Hz.
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Xtreme Power Technology

Real-Time Control System

UDP command packets and data sent over non-real-time Ethernet.
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High speed fiber-optic link updates P and Q setpoints for each DPR in parallel.
Bidirectional FPGA <-> FPGA communication provides deterministic real-time control.
sbRIO FPGA converts digital commands into analog outputs.

sbRIO FPGA closes the control loop by sending operating parameters back to PXI.
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Xtreme Power Technology

Real-Time Control System

NI sbRIO Real-time Controller
Master controller for DPM  NI9642 sbRIO

— Receives commands from — 400 MHz PPC, 128 MB
the PXI Master. RAM

— Manages inverter/charger — 2 M Gate Xilinx FPGA

— Manages the PowerCells — 110 5V digital lines
(SOC, VMax, VMin, Temp.) — 3224V Digital lines

— Monitors over 200 data — 16 +/- 10V Analog inputs
points. _

— 4 +/- 10V Analog outputs
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Xtreme Power Technology

Real-Time Control System

NI sbRIO Communication

« Two communication paths
— XP Fiber-Optic link for real-time control.
— TCP/IP for slow/bulk data and commands.

« TCP/IP network is shared by all systems.

« Communication latency is affected by:
— Network traffic
— Processing on PXI controller
— Processing on sbRIO (inverter coms 950 ms, 99k 150 ms,..)
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NI 9642 sbRIO

LabVIEW RT

®Manages PowerCells

® UDP communication to RT PXI.

LabVIEW FPGA handles real-time control via fiber-
optic interface.

® Measures and transmits analog signals DC V and
DC | to RT PXI FPGA

®Receives P and Q control signals from RT PXI
FPGA
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Software Design Pattern -

Communication

« Message-based parallel architecture

— Software components can
communicate with each other via

messages owerlinitd
_ _ 192.168.1.18
— System —wide messaging system for et
relaying data and commands between servica Laptop %
targets = ~" PowerUnitg
192.168.1.19
192.168.1.13 %
| -—n “ZhEo % Powerlnit11
; T 192.168.1.21
{ Internet )_| % Powerlnits
~ 4 S 192168114 |
et 10.50.50 g
10:0.170:458 -~ PowerUnit10
== 192.168.51.20

Powerln -
192.168.1.456

b

Powerlnit12

XCPozZ-PLCH XKCPO1-PLCA 1892.1668.51.22

10.50.50.7 10.50.50.5 Powerlnits
10.50.50.8 10.50.50.6 192.168.1.16
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CMD Sequence

= =

Close AC Breaker CMDuP
Open AC Breaker —

Validation

RT CMD Echo

CMD

Validation

sbRIO CMD Echo

Evaluate and Execute CMD

——

Validation

sbRIO CMD Echo
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Software Design Patterns

- Data Sharing

« Observer-like data sharing
— Data producers publish data
— Asynchronous consumers access data by name
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Variant Functional Global
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Write Data Into VFG

WritePQMintoVFEG.vi Block Diagram on DataMappingTest. lvproj/My Computer,

File Edit View Project Operate Tools ‘Window Help
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Read Data From VFG

Z3kYPT1-CIRMS

POBL|Z3kYPT-C RMS

23kVPT1-B:RMS

....... YOEL1[23kYPT-B RMS

POEL][23kYPT-A RMS

! SEL._WriteScaleFormat.vi Block Diagram on DataMappingTest. lvproj/My Computer.
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VI Server for Operator Diagnostics

System Monitor

Waveforms Harmonics Phasors Summary
Targets

PiRIxLanai { 10,55.1.4 )
------- PQ Monitar
Faults Monitor
#PControl Interface
Generate PLC Config file
Generate POM Config File
------- RT HS Buffer

WICrawler
By sbRIOLanai { 10,53.1.11)

e Woltage Manitor
Configuration
Send message ko shRIO
BalancerDiagnostics
sbRICPLimits
sbRIOChargeController
WICrawler
sbRIC_SOCHMonitor
Kahuku { 10,50.50.4 )

[l o M
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Faults Monitar
#PControl Interface
Generate PLC Config file
Generate POM Config file
RT HS Buffer
- WICrawler

sbRIOKIUC { 10,109,111 )
------- Woltage Monitor
Configuration
Send message to sbRIO
BalancerDiagnostics
sbRIOPLimits “

------- shRIOChargeController o |

[C]5haw cursars
[5how Graph Palette

Updating Waveforms, dlick pause button to freeze
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System Monitor

Targets

------- ConFiguration

Send message to sbRIO

BalancerDiagnostics

------- sbRIOPLimits

sbRIOChargeController

WICrawler

------- sbRIC_SOCMonitor
sbRIOPUDG ( 10.50.51.16 )

Yaltage Maonitar

Configuration

Send message to sbRIO

BalancerDiagnostics

sbRICPLimits

sbRIOChargeController

sbRIC_SOCManitor
sbRICPUOT ( 10,50,51.17 )
------- ‘oltage Monitor
ConFiguration
Send message to sbRIO
------- BalancerDiagnostics
sbRIOPLimits
sbRIOChargeController
WICrawler
sbRIC_SOCMonitor
sbRICPUDS { 10.50.51.18 )
Woltage Monitar
Configuration
Send message to sbRIO
BalancerDiagnostics
sbRICPLimits
sbRIOChargeController

Updating Display

VI

All VIs in Memory

shRIO Glabal . vi

erver for Debugging

Sul

= |

Attribute name, Attribute type, Attribute valy

Control Mame
Battvisgl)
Tempisgl)

Dy

Dl

Batt in Range?
Error Rate

P TCRIP Link OK?
FiO Link OK¥
Inverter IP
sbRIO Config
Swskern Running?
Batt Max

Biatt Min

S0 %

Batk OOV SOC %
Batt Median
InvCormm OK?
Temp Ma:x

Cycle Counts

kit Ackual

kW AR Actual
WatchDogTO{60)
Error?

AHrs

Batk Average
DEF SO

S0C Parameters
EemoteEnabIe?

Daka bype
Array,Single Float
Array,Single Float
Double Float
Daouble Float
Boolean
Array,3ingle Float
Boolean

bV1s VI Name
sai sbRIO Global.vi
A9k DatasrrayTypeDef,ctl
A9k DataTypeDef.ctl
Biatter COverUnderThresholds, ctl
Inwverter Run Mode,ctl
OperatingP arametersscaling, ctl
PackOverUnder Thresholds, ctl
sbRIOConfigTypeDef . ctl
sbRIOSetupTypeDef, ctl
SOCConfigTypeDef . ckl

mElts =3 < MumElts = <Array = <Mame =Size(s)</MName = <Dimsize =1 < /Dimsize = <U32 = <MName:
mElts =3 < MumElks = <Array = <Mame =Size(s)</MName = <Dimsize =1 < /Dimsize = <U32 = <MName:

MElks = 3</MumElts = <array > <Mame =Sizels) </Mame = <Dimsize = 1 </Dimsize = <1132 > <MName:

Boolean
String
Cluster, Arraw, Cluster,
Boolean
Double Float
Double Float
"Double Float
Double Float
Double Float
Boolean
Double Float
Array,Double Float
Double Float
Daouble Float
Uis
Array,Boolean
Double Float
Double Float
Double Float
Cluster,Double Float,l
Boolean

TRUE

empky string

<Cluster = <Mame xcluster < /Mame = <MurnElts =2 <fNumElts » <132 = <Mame =Size < Mame = <Val 51 <Y al > < /132 = <String = <Mame =&
FALSE

12.331000

12047000

35457229

39.392177

12.194000

TRUE

752.000000

< Cluster =<Mame =array </Mame = <MumElts =3 < /MumElts = <Array = <Mame =Sizels) < Mame > <Dimsize = 1 < /Dimsize = <1132 = <Name
0,000000

0.000000

&0

<Cluster = <Mame =array <fMame = <MumElks = 3 </NumElks = <Array = <Mame =Size{s) <MName = <Dimsize = 1 < (Dimsize = <32 = <Name:
-15,905950

12.196038

0,000000

<Cluster = <Mame =cluster < fMame > <MumElks =2 <MumElts » <132 » <Mame >Size < Mame = <Mal > 12 <val » <132 » <String = <Mame >e

FALSE
¥
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VI Server Reads Front Panel
ontrols and Indicators
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application reference
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Get VI Dependencies o

Dependency Names e
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Table
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Lessons Learned

 TCP/IP is a lousy real-time control link.

 |tis very easy to run out of TCP/IP sockets on LabVIEW
RT. RT platforms (PharLap and VxWorks) only have 64
TCP/IP sockets available. The OS holds a socket open
for 1 min after the application releases.

 Datasocket server can be killed with a void variant. RT
can be killed by writing a variant with a void attribute into
datasocket.

* You must own your communication bus for reliable RT
communications.



Typical DPR™ Economics

DPR™ 15-100C

Equipment

1.5 MVA inverter/charger (480 VAC, 3
phase)

1.0 MWh PowerCells

Control System Hardware

11’ x 11° x 40 container

Internal Ambient Controls as Needed

Lo '

i'II""HI‘ Ilmmzww

Services/Labor

System Integration

Controls Programming

Factory Acceptance Testing

Field Installation and Commissioning

TOTAL $1,600,000
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Real Projects, Real Solutions

Application DPR™ CcOD Services

South Pole Microgrid 0.5 MW /0.1 MWh Q4 2006 Peak-Shaving, Load-leveling

Telescope

Maui Wind 1.5 MW /1.0 MWh Q32009 Ramp Control

Kahuku Wind 15 MW /10 MWh Q1 2011 Ramp Control, Voltage Regulation

Xcel Solar 1.5MW /1.0 MWh Q12011 Ramp Control, Ancillary Services,
Firming/Shaping

Lanai Solar 1.125 MW /0.5 MWh Q22011 Ramp Control, Ancillary Services

Ford End-User 0.75 MW /2.0 MWh Q22011 Peak-Shaving, Load-leveling

KIiUuC Solar 1.5 MW /1.0 MWh Q3 2011 Responsive Reserves, Ramp Control,
Ancillary Services

KWP Il Wind 10 MW /20 MWh Q4 2011 Ramp Control, Curtailment Capture,

Responsive Reserves

Fosters* End-User 3.0 MW/2.0 MWh Q4 2011 Uninterruptible Power Supply

Tumbleweed* Wind 36 MW / 24 MWh Q4 2012 Ramp Control, Ancillary Services

Tres Amigas T&D ~100 MW /200 MWh Q22013 Ancillary Services

* Project not yet announced
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South Pole Telescope

5 Years Experience

Application  B\Y/Ilefel-{g[e! LSSl | Aocelursiion
Average 85 kW — Trogn I

0.5 MW /0.1 MWh \

250 kW - T
Q4 2006 POSITION VELOCITY
Peak-shaving, 1o _74\ 1's

- ' 0 0
Load-leveling v A
P

In collaboration with several centers of higher education, the University of Chicago chose
the Xtreme Power DPR™ to power the 200-ton South Pole Telescope’s scan cycles
without infringing on the station’s life support system. The Telescope requires up to

259,200 cycles/month.
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Kaheawa Wind Power

First Commercial Installation with Renewables

Application  RWilLile

1.5 MW / 1.0 MWh
Q3 2009

Ramp Control

The first utility-scale Xtreme Power DPR™ operates on a 30 MW wind farm on a 80-200
MW grid. This DPR™ smoothes output to +100 kW/min and controls ramps to £+1 MW/min.
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Kahuku Wind Power

Largest North American Installation with Wind

Location Oahu, HI
Application  RWilLile

15 MW / 10 MWh
Q12011

Ramp Control,
Voltage Regulation

This DPR™ will operate on a 30 MW wind farm on the island of Oahu to meet PPA ramp
control and smoothing requirements.
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Kaheawa Wind Power Il

Increasing Revenues, Reducing Reserves

Location Maui, HlI
Application RVl

10 MW / 20 MWh
Q4 2011

Ramp Control,
Curtailment Capture,
Ancillary Services,
Responsive Reserves

This DPR™ will operate on a 21 MW wind farm on the island of Maui, and it will provide
the Maui Electric Company (MECO) with responsive reserves, as well as support services
such as frequency and voltage regulation.
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Xcel and SolarTAC

Mainland Installation for Testing with Solar

Location Aurora, CO
Application eIETs

1.0 MW / 1.0 MWh
Q1 2011

Ramp Control,
Ancillary Services,
Firming/Shaping

Technology Acceleration Center

This system will collect operational data on the integration of energy storage and solar
energy systems at the Solar Technology Acceleration Center.

30




Lanai Sustainability Research
Doubling Renewable Output

Application ELIET:

1.125 MW /0.5 MWh
Q2 2011

Ramp Control,
Ancillary Services

Lanai Sustainability Research’s 1.2 MW solar farm is currently curtailed to 600 kW, until it
can guarantee output that will not vary by more than £360 kW/min. DPR™ will smooth
power and increase its output to full capacity, as well as provide ancillary services.
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Ford Michigan Assembly Plant

Reducing Costs, Increasing Reliability

Application R[-RES:1§

0.75 MW /2.0 MWh
Q2 2011

Peak Shaving, Load-leveling

DTE Energy

_ x:) Xtreme

Ford selected the Xtreme Power DPR™ to operate with one of the largest solar power
generation systems in Michigan. The DPR™ will help the plant save an estimated
$160,000 in energy costs annually by shaving peak demands and leveling load.
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Kaua’i Island Utility Cooperative
Taking Advantage of DPR™ Versatility

Application ELIET:

1.5 MW / 1.0 MWh
Q3 2011

Responsive Reserves,
Ramp Control, Ancillary
Services

The KIUC DPR™ will mitigate the variability of a 3 MW solar PV project for the Kaua’i
Island Utility Cooperative. This marks Xtreme Power’s first direct sale to a utility, and first
project to provide responsive reserves.
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The Power to Control.



