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THOMAS ALVA EDISON

% 1889
SCIENTIFIC AMERICAN

“My personal desire would be to prohibit entirely the use of alternating
currents. They are as unnecessary as they are dangerous. | can
therefore see no justification for the introduction of a system which has
no element of permanency and every element of danger to life and

property”

N

NICOLA TESLA PRESENTED A LECTURE TO THE AMERICAN
INSTITUTE OF ELECTRICAL ENGINEERS: “A NEW SYSTEM OF
ALTERNATING CURRENT MOTORS AND TRANSFORMERS”.
THIS WAS EDISON’S RESPONSE TO THIS NEW AC POWER
CONCEPT.
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EDISON, TESLA, WESTINGHOUSE,
/Al AND THE RACE TO ELECTRIFY THE WORLD
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INTRODUCTION

High density computer environments, utilizing Alternating Current (AC) power
supply blade server technology, are presenting major challenges to owners and
operators. Typical facility infrastructures cannot accommodate the added heat loads
and reliability requirements of such installations.

N

Servers equipped with Direct Current (DC) power supplies, instead of AC power
supplies, operate with 20-40% less heat, reduce power consumption by up to 30%,
increase server reliability, offer flexibility to installations and decrease maintenance
requirements.

Utilizing current off-the-shelf components, it is possible to install and operate a high
reliability DC power distribution system for a DC powered server environment -
without batteries or complicated AC power system drawbacks. This High Reliability
DC Power Distribution System could be the next generation power system for server
environments.
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THE PROBLEM

El}t J\ﬂ.ll' ﬂﬂ l’k Eim l‘5 = ERINTER. :Rlsrn:\' :'E:;;: m_ t

nytime cor

TEST CENTER REVIEW k ) TOM YAGER
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AntiSpam for SMTP pas | Felony Charges ps Puts IT in Control p14

Septemnber 26, 2006
Google to Push for More Electrical Efficiency in PC’s
By JOHN MARKOFF

SAN FRANCISCO, Sept. 25 — Google is calling on the computer indusiry to create a simpler
and more efficient power supply standard that it says will save billions of kilowatt-hours of
energy annually.

@THE WALL STREET JOURNAL. .7, esteatig

ONLINE
January 29,2007 !\
N mp
Running Wild
Powering and cooling computers cost more than the machines them selves. Now, new . : Super—d Ase hlades and server
technologies are reducing those expenses. " 5 racks are sending energy costs
By CHRISTOPHER LAWTON sky-high. It's time for IT to step

Tizveary 29 2007; Page 7 up its conservation efforts p16

Setvers have gotten much more powetful in recent years. But they've also gotten hungtier,

In 2006, businesses worl d-wide spent about $55.4 billion on new servers, according to market-
research firm IDC. To power and cool those machines, they spent $29 billion, almost half the cost

of the equipment itself -- and that number 15 rising.
Fora Free Subscription

With the average server system, the customer spends "more on power and cooling over its entire
life cycle than what they will spend up front," says Idichelle Baley, research wice president at
jinlos
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THE PROBLEM
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IBM to Launch Push for Green

New Business to Address
Cutting Energy Thirst
Of Computer Centers

By WiLLiam M. BULKELEY

Big Blue sees green in going green.

Under an initiative it has dubbed
“Project Big Green,” International
Business Machines Corp. plans to
start a major business to help custom-
ers slash energy use in data centers
that are running up ever larger elec-
tricity bills.

IBM has scheduled a press event
for today in New York to inaugurate
the business, whichis part of its global-
services offering. The business will
help customers maximize energy effi-
ciency of their computers and rede-
sign the layout of their data centers to
minimize cooling costs.

In addition, IBM, which says it is
the world’s biggest operator of data
centers, will explain its own plans for
reducing power consumption.

The amount of energy used by com-
puters—both for running the ma-
chines and cooling the rooms they sit
in—has increasingly raised conecerns
bothabout cost and environmental im-
pact. Global electricity consumption

by servers and ancillary equipment
doubled to $7.3 billion from 2000 to

2005, Jonathan Koomey, a staff scien- -

tist at Lawrence Berkeley National Lab-
oratory and consulting professor at
Stanford University, estimated in a
study released this year.

Christopher Mines, an analyst with
market researcher Forrester Re-
search, Cambridge, Mass., says it
found in a recent survey of corporate
computer buyers “a high degree of
awareness of environmental issues
surrounding computing, but a low de-
gree of activity.” He said most corpo-
rate computer managers focus on high
performance and reliability for their
networks and ignore electricity use.
“They don’t pay the bill in the vast ma-
jority of companies,” he said, adding
that energy bills are the province of op-
erations managers,

IBM compares the new project with
the commitment it made 10 years ago
to embrace the Internet and later
Linux free software, both for its own
use and as a service business for corpo-
rate and governmental customers.
Both plans have improved the compa-
ny's internal business operations and
created an opportunity for huge addi-
tional services and software revenue.

IEM is training 1,000 services ex-
perts in green technology to help cli-

ents redesign their data centers and
improve their efficiency.

According to materials prepared
for the press event, IBM expects to dou-
ble the computing capacity of its own
data centers by 2010 without using ad-
ditional energy. Under that scenario, it
would avoid incurring $500 million in
electricity costs.

IBM's announcement today is ex-
pected to feature several technologies
for reducing air-conditioning costs in
data centers, where computers must
be kept cool to function optimally.
Among those technologies is the IBM
Data Center Stored Cooling Solution,
which sits outside the data center and
uses a synthetic liguid solution to cool
chillers that regulate air-conditioning
units. The product was named the
“best new energy product” by the
American Society of Heating, Refriger-
ation and Air Conditioning Engineers,

Other aspects of IBM's green ser-
vices include a software program that
can analyze heat and air-conditioning
use in a data center to find hot spots
and suggest ways to move servers to
optimize cooling capabilities,

IBM’s news event today is expected
toinclude representatives froma num-
ber of partner companies, including
General Electric Co., PG&E Corp.'s Pa-
cific Gas & Electric Co. and Schneider
Electric SA.

IRECT POWER TECHNOLOGIES, INC.
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THE MARKET
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BLADES TAKE OFF: Worldwide blade server shipments and revenue
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SLICING THE PIE: Blades sold
worldwide by vendor in 2003
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APPROX. $3 BILLION BLADE SERVER

REVENUE BY 2009
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TODAY'S ENVIRONMENT

® THE ALTERNATING CURRENT (AC) WORLD

® HIGH COST - LOW EFFICIENCY/HIGH LOSS -
MAINTENANCE INTENSIVE

® PARALLEL OPERATION REQUIRES HIGH COST ACTIVE
PARALLELING CONTROLS

& AC POWERED BLADE SERVERS CANNOT BE
ACCOMMODATED WITHIN THE TYPICAL DATA CENTER
ENVIRONMENT

€ MULTIPLE CONVERSIONS REQUIRED:

= AC (UTILITY) to DC (UPS INPUT) to AC (UPS OUTPUT) to DC
(WITHIN DATA PROCESSING POWER SUPPLIES)

N
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TYPICAL SMALL AC POWER SYSTEM UP TO APPROX. 300KVA
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TYPICAL LARGE AC POWER SYSTEM UP TO APPROX. 2,000KVA
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THE SOLUTION - TOMORROW'S ENVIRONMENT

N
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& DC POWER:

REDUCED POWER CONVERSIONS = HIGHER EFFICIENCY
REDUCED POWER CONVERSIONS = HIGHER RELIABILITY

REDUCED POWER CONVERSIONS = LESS COMPONENTS
(MAINTAINABILITY)

DC POWER = EASIER TO ADAPT TO ALTERNATIVE ENERGY
SOLUTIONS
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DC POWER SOLUTIONS
DC POWER PAC -1 ©

CI‘/
| OAMFP POWER. DROP FOR, SKW RACK

20AMP POWER DROP FOR 10kw Rack. DC POWER SOLUTIONS

40AMP POWER DROP FOR 20KW RACK

AT 500VDC (TYFPICAL) Dc POWER PAC - l DC-DC CONVERTER OR DC POWERED
SERVERS/EQUIPMENT
(C) BTI 2004
RECTIFIER: | OOKW - 200KW (PATENT PENDING)
NOMINAL
480VAC INPUT
350 - 550VDC OUTPUT 600VDC RATED 4-BUS UNIVERSAL BUSWAY WITH DEDICATED DROPS TO SERVER/EQUIPMENT RACKS B |
F [ | il
=1INS EQUIPMENT RACKS S | R
— 5 e
Ui mw AR .
v
4B0VAC, 3-PH } \6 ®)
SYSTEM INPUT =
400VDC POWERED SERVERS/EQUIPMENT —\ 480VAC. 3-PH
DC FLYWHEEL ENERGY STORAGE SYSTEMS RACK - NO DC-DC CONVERTER REQUIRED ‘g@fﬁﬁ‘ﬁﬁl‘;ﬂ‘f“.—"““
(TYPICAL)
10 - 20 RACK STAND ALONE SOLUTION
Slide 13
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A B C D E F G H J K L
- - ! ! - -
A | CRAC
% i #1
2
3 200A, GOOVDC, 4-BUS UNIVERSAL
4 OR DC-DC CONVERTERS FOR RACK.
EQUIPMENT POWER AT 48VDC
5 [ 1
° Y,
8 174
S
9 % DC-UPS: | 50KW
O BLADE POWER .
10 CRAC 14 e SRR B
| #2 0O (C} BTI 2004
11 1 5 (PATENT PENDING)
m
12 |H
13 [T]
1 PENTADYNE DC FLYWHEFL ENERGY
4 STORAGE SYSTEMS
5| ] et 40VAC, 3.1
350-520VDC OUTPUT SYSTEM INPUT
DC-UPS COMPUTER ROOM PLAN VIEW LAYOUT

BladePower
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DC POWER SOLUTIONS - DC POWER PAC - 2 ©

/
N
480VAC or GOOVAC - 3-PH, 3-W 480VAC or GOOVAC - 3-PH, 3-W
R pE=
RECTIFIER RACK. CLUSTERS - 200-500KW [ ‘ RECTIFIER RACK CLUSTERS - 200-500KW
! ; NOMINAL EACH ; NOMINAL EACH
v “~| 480 or GOOVAC INPUT |\‘-{ <~ 480 or GOOVAC INPUT
_] | | 400VDC OUTPUT =™ — _' ! 400VDC OUTFUT
J 3 J 3 3
i | 400VDC (NOMINAL) COLLECTOR BUS : ] ] 400VDC (NOMINAL) COLLECTOR BUS
3 3 ) ) J
5 5 t £ ~4OOVDC RATING: | > ) A U
SRR = 200KW = S00A | g I DE
PSEENSEINS 400RW =1000A ESES ES
E@" © (5 B00KW = 2000A © © ©
DC FLYWHEEL ENERGY 1OOOKW = 2500A DC FLYWHEEL ENERGY
STORAGE SYSTEMS | 1500KW = 3750A “STORAGE SYSTEMS
400DC INPUT 2000KW = 5000A 400DC INPUT
DC LOAD
BANK |
| no ;.3'“” N
f-ﬂﬂn/‘{) 400A/T) 4—09#\/‘-;"] 40OVIC (NOMINAL) DISTRIBUTION BUS, 40004 A00A/T 3 400A/T) r.cnnx;“ij
600VDC RATED 4-BUS UNIVERSAL BUSWAY WITH DEDICATED DROPS TO SERVER/EQUIPMENT RACKS &
B B pA ¥ =~ 5 pA 78 FA IC A |
10 =l DC SERVER RACK FEED
/Y 400VDC IN
- 5KW SERVER RACK
INPUT = |2.5A @ 400VDC
| OKW SERVER RACK
INPUT = 25A @ 400VDC
Slide 15

20KW SERVER RACK
INFUT = 50A @ 400VDC



15T DEMONSTRATION SYSTEM - CHATSWORTH, CA. —
PENTADYNE POWER HQ — MARCH 2005

N

lide 1
Slde 16 Providing Efficient Reliability




15T DEMONSTRATION SYSTEM - CHATSWORTH, CA. —
PENTADYNE POWER HQ — MARCH 2005

N
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COMPONENT PARTS OF THE DC POWER DISTRIBUTION SYSTEM

N

® RECTIFIERS: -

= CONVERTS UTILITY OR GENERATOR SOURCED AC POWER TO
400VDC (NOMINAL) IN ANY COMBINATION OF BUILDING BLOCK
SIZING FOR CAPACITY AND/OR REDUNDANCY

® ENERGY STORAGE: -

= PROVIDES DC POWER RIDE THROUGH WITHOUT BATTERIES. UPON
LOSS OF THE AC POWER SOURCE TO THE RECTIFIERS, THE
PENTADYNE FLYWHEEL TECHNOLOGY BASED SYSTEM WILL
SUPPORT THE 400VDC BUS WHILE ENGINE GENERATORS ARE
BROUGHT ON LINE

Slide 18
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COMPONENT PARTS OF THE DC POWER DISTRIBUTION SYSTEM - CONT'D

/
\V

& EQUIPMENT RACK DISTRIBUTION: -

= PROVIDES UL LISTED 400vDC POWER DISTRIBUTION
TO EQUIPMENT RACK LOCATIONS WITHIN A
COMPACT PACKAGE WITH HOT SWAPPABLE /
MOVABLE CONNECTORS. BUSWAY HAS THE
CAPABILITY OF BEING FED FROM 2 SEPARATE
400VDC SOURCES FOR REDUNDANCY

@€ DC - DC VOLTAGE CONVERTERS: -

= NOT REQUIRED IN THIS NEW TOPOLOGY:
DISTRIBUTE AT A 380-400V DC AND CONNECT
DIRECTLY INTO DC POWERED SERVER RACKS.
HIGHEST EFFICIENCY CONFIGURATION!

Slide 19
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NEXT GENERATION DC POWER ARCHITECTURE:
400VDC BLADE-POWER SERVER RACKS

N

® THE UNIVERSAL COMPUTER POWER SUPPLY-

SPECIFICATIONS

AC Input Range 110/240V 47-63Hz. Limits: 85 - 264 VRMS (270V Surge), 47 to 63 Hz
DC Input Voltage Range 110 to 373V DC (380V DC surge)

= 1ST LEVEL POWER CONVERSION IN TODAY'S COMPUTERS IS A
DIODE RECTIFIER THAT TAKES 85 - 264VAC AND CONVERTS TO 110 -
373V DC.

= DIODE BRIDGE RECTIFIER
+ - 264VAC X SQUARE-ROOT OF 2 = 373VDC

= A NOMINAL 400VDC DISTRIBUTION SYSTEM CAN ELIMINATE THE
FIRST STAGE CONVERSION WITHIN COMPUTERS!

= STUDIES ARE UNDER WAY WITH COMPUTER MANUFACTURER’S FOR
A 400VDC “DISTRIBUTION-TO-THE-RACK” ARCHITECTURE.

Slide 20
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INTEL'S VISION

—.’ Loads

48V DC: 93% 86% =72%
380V DC: 97% 86% =76%

Baseline 88% . 75% = 48%

High efficiency: 94% . 86% =68%

Siide 21 IRECT POWER TECHNO OPG! E§ l[!\ll?m




Data Center Architectures

System Efficiency Impacts

For a load power of 500kW:;

Architecture System Input Annual Enerqgy costs (@)
Efficiency Power 10 cents Wh

__-ﬂ-

Basellne AC

Best-in-

Class AC

Rack Level

HVDC

HVDC Data 72 608
Center

63% to 70% — $70K per annum savings
70% to 72% — Additional $17K per annum savings

(Inte
Slide 22 IRECT POWER TECHNO OPG! E§ ll!\ll?m




Facility-level 380V DC.

$370,000
savings per
year at
0.1$/KWh

Facilily-level 48V DG

AC with Line-interactive /
Defta Conversion UPS

Rack-level 380V DC

High efficiency AC
Rack-level 48V DC

Baseline AC

20 3.0 40 5.0 6.0 7.0 8.0 9.0 10.C

Total building input power [MW]

Slide 23 IRECT POWER TECHNO OPG! E§ lfhl?m




SUN MICRSYSTEMS' VISION

N
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SUN MICRSYSTEMS' VISION

Slide 25



Slide 26

ALTERNATIVE / RENEWABLE
ENERGY POTENTIALS WITH

DC POWER SOLUTIONS




DC POWER SOLUTIONS

DC POWER PAC - 1 - RENEWABLE ENERGY ©

_El

Dptional

- bt e

300 to

| CAMP POWER DROF FOR SKW RACK.

20AMP POWER DROP FOR. | O RACK.
400VDC 40MP POWER DROP FOR 20KW RACK
Powe: In 480VAC, 3PH || AC ta DC AT SCOVDC (TYPICA DC-DC CONVERTER OR. DC POWERED
=- =- SYSTEM INFLT Recthier i e ok RECTIFIER: | OOKI - 200KW
i > 75 RN
Power Gateway a5 smovoC ctraur
SOOVDC RATED 4-BUS UNIVERSAL BUSWAY WITH DEDICATED OROES TO SERVEREQUIPMENT RACKS
RENEWABLE ENERGY
300 to r} N[ HEIEIHEEEIETEE H[E
— 400VDC |
to
Rectifier_J E EQUIPMENT RACKS
A 75 T
Power Gateway @
P \ 40OVDC FOWERED SERVERSEQUIPMENT — |
S BT PN IOGGE SIS . BACS: N EESAC EERVCRTEN REQUNED
ABOVAC, BPH o
NEXTEK POWER GATEWAY INTERFACE FOR NI

RENEWABLE ENERGY AFPPLICATIONS DC FOWER SOLUTIONS
NOTES:
1. MULTIPLE 7SKW POWER. GATEWAYS CAN BE USED TO DC POWER PAC - |
ACHIEVE INCREASED CAPACITY OR N+ | REDUNDANCY. REY ALS
2. THE 75KW NEXTEK. POWER GATEWAY IS PROTECTED BY RENEWABLE ENE POTENT!
LS PATENTS 5,766,642 6,252,810 6,614,130 AND (©) BT 2004
OTHER PATENTS PENDING (PATENT PENDING)

FUEL CELL
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FLOW BATTERY TECHNOLOGY

Flow batteries can turn intermittent wind power from
a utility manager's headache to a green and reliable
energy source.

W MR BT

Thas 30 MW swind farm in Japan 15 augmeented by a bamtery
system thar can supply £ MW of power for up ro 90 minures.
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FLOW BATTERY TECHNOLOGY

p
\J
sz
SEI" | Principle of Vanadium Redox Flow Battery |
Generator A=—=————- > Load
Charge1 I Discharge
1
AC/DC
< =p-
@é é%
\VaAVEL ; \ | V2 V3
Electrolyte Electrolyte
Tank Tank
pump . Electrode Membrane®™ ~ 550,

@ V4+ r__;: V5+ + e
& v+ + e = V2

«© SUMITOMO ELECTRIC
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DC POWER SOLUTIONS
DC POWER PAC - 1 - RENEWABLE ENERGY:
FLOW BATTERY ©

C‘/

EXTERIOR, WhALL
RO LN
10AMP POWER DROP FOR SKW RACK.
Z0AMP POWER OROP FOR | OKW RACK
A0AMFP POWTE. DROF MOR. 20KW RACK
AT 500VDC (TYFICAL) DC-DC GONVERTER, OR DG POWERED
BERERIBANEWENT RECTIFIER: | QOKW - 2001
T NOMINAL
ABOVAL INFUT
350 - S50VDC OUTIUT
Al § GOOVDC RATED 4-BUS UNIVERSAL BUSWAY WITH DEDICATED DROPS TO SERVER/EGUIPMENT RACKS
IES1 IEST IEST IESTIES] 1ES] IES1 IESTIES] IES] IES] *MPS K’ “
Vi = |
I amaqer af Hie Fador flae Basery 1o
PLOW BATTERY I i
400VDC A400VDG POWERED SERVERSIEGUIPMENT —!
= RACF. - NO DC-DC CONVEKTER, KEGUIRED
TYPICAL
4BOVAC, 3-PH
DC FLYWHEEL ENERGY STORAGE SYSTEMS SYSTEM INFUT

DC FOWER SOLUTIONS
DC POWER PAC - |
RENEWABLE ENERGY POTENTIALS

(©) BN 2004
(PATENT PENDING)
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DC POWER SOLUTIONS
DC POWER PAC - 2 - RENEWABLE ENERGY: FLOW BATTERY ©

POWER CONVERSION - |

UTILITY SERVICE - MEDIUM VOLTAGE
%E (UTILITY SERVICE)

Fi\CILIT'r DISTRIBUTION 600 - 480 VAC

Rl
R Y CTIHBOV - P, AW

L e i o
L = FOWER CONVERSION - 2 L LI_

AC - DC CONVERSION

£56-Sanvne 360 - 400 VDC OUT
(RECTIFICATION)
330 - S0OVDE (NOMINAL) COL ECTOR, BUS 350 - 5OOVDC NCMINAL) COLLECTOR, BUS
T TaaT

} b L

?.( l Principle of Vanadium Redox Flow Battery I

———1 Generatr ———— g---=--»| load H

Charge I Discharge

CRITICAL LOAD - HIGH

RELIABILITY DC POWER.
DISTRIBUTION SYSTEM

(€) BT 2004

(PATENT PENDING)

350 - S00VDC, 4-BUS UNIVERSAL BUSWAY WITH DEDICATED DROPS TO RACK EQUIPMENT

= ] ])
Electrode Meimbrane SR Tl e e P P R o o - . I FE P T
i o e 551 DS 1SS RS ASSIESEISSEISS] RSSHISSUIES] 1IN0 1NN1 11| Y A1 [
@ vy = + e Al _
OOV v g =y Ptk L S '3 R EH ER B3RS ES RS Ed K E ] IIJ’IIJ!
PUT = 234 g 5004 POW ON=3
T = 206 g SOOVOC =
i EQUIPMENT 360-380VDC TO
12, 5,1.5,ETC. VDC
RACKS (COMPUTER EQUIP. 1)
{ 1] L T 1 1Y1
ABVDC POWERED SERVERSEQUIPVENT RACK - —l ADOVDE POWERED SERVERS/EOLIPMENT RACK -
DCDC CONVERIER. REQU NO DC-DC CONVERTER. REGIUIRED

RED
TTYPICAL) (TYPICAL)



N

DC POWER SYSTEM BENEFITS AND
STUDIES

Slide 32
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DC SYSTEM BENEFITS

N

® -LOWER COMPONENT COUNT = HIGHER SYSTEM EFFICIENCIES, GREATER
RELIABILITY, LESS MAINTENANCE COST & LOWER TOTAL COST
OWNERSHIP

-MODULAR & FLEXIBLE: SYSTEM CAN GROW WITH LOAD REQUIREMENT

-ENVIRONMENTALLY FLEXIBLE: SYSTEM FRONT-END COMPONENTS CAN BE
LOCATED IN NON-CONDITIONED SPACES OR ON THE RAISED FLOOR NEAR
LOAD

® -PENTADYNE ENERGY STORAGE ELIMINATES NEED FOR CHEMICAL
BATTERIES

® -UNIVERSAL STARLINE BUSWAY PROVIDES A MODULAR “GO-AS-YOU-GROW”
STRATEGY FOR DC DISTRIBUTION AS RACK POPULATION CHANGES

® -UNIVERSAL STARLINE BUSWAY PROVIDES A DOUBLE END-FEED FEATURE
TO PERMIT REDUNDANT DC SOURCES AT CRITICAL LOADS

® -NO DOWN-STREAM STATIC OR TRANSFER SWITCHES ARE REQUIRED,
VOLTAGE MATCHED DC SYSTEMS CAN INHERENTLY BE COUPLED
TOGETHER

® -DC DISTRIBUTION ELIMINATES HARMONICS

® @

Slide 33
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DC SYSTEM BENEFITS - CONT'D

N

® -SIMPLIFIED GROUNDING: POSITIVE GROUNDING OR NEGATIVE
GROUNDING

® -ALTERNATIVE ENERGY FRIENDLY - DC POWER SYSTEMS ARE MORE
EASILY ADAPTED TO ALTERNATIVE ENERGY SOURCE APPLICATIONS

® -SYSTEM CONFIGURATION IS A UNIQUE APPLICATION AND PARTNERSHIP
OF EXISTING, AND PROVEN “COMMERCIALLY-OFF-THE-SHELF” (COTS)
EQUIPMENT

-THIS DC SYSTEM HAS NO REQUIREMENT FOR A UPS IN ORDER TO
PROVIDE HIGH SYSTEM RELIABILITY WITH UTILITY POWER OUTAGE RIDE
THROUGH.

-DC DISTRIBUTION ELIMINATES POWER FACTOR CONCERNS
-REDUCES HEAT LOAD AT SERVER RACKS BY 20-40%
-REDUCES POWER CONSUMPTION BY UP TO 30%
-INCREASES SERVER RELIABILITY BY AS MUCH AS 27%

@

®
®
®
®

Slide 34
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HIGH RELIABILITY DC POWER DISTRIBUTION SYSTEM COMPARISONS

AC SYSTEM 1

AC SYSTEM 2

DC SYSTEM (48VDC)

DC SYSTEM (400VDC)

% LOSS

% EFF

% LOSS % EFF

% LOSS % EFF

% LOSS

% EFF

11.0%| STATIC UPS |89.0%
PDU & STATIC
1.5% SWITCH 98.5%

5.0%| ROTORY UPS |95_0%
PDU & STATIC
1.5% SWITCH 98.5%

INSIDE SERVER

COMPUTER
POWER SUPPLY:
AC - DC

13.0% 87.0%

SERVER RAIL

0/
e VOLTAGE: DC - DC

88.0%

INSIDE SERVER

COMPUTER
POWER SUPPLY:

0/
prgmed 87.0%

13.0%

SERVER RAIL

VOLTAGE: DC - DC S

12.0%

3.0%)

RECTIFIER PENTADYNE

|97.0%

3.o%|

RECTIFIER

PENTADYNE 97.0%

DC CONVERTER: c o";‘\?EiﬁER_
0, - )0/ 0, 3 0/
4.0%| 500vDC - 48VDC [96.0% 0.0% LT VERTER  [100.0%
INSIDE SERVER INSIDE SERVER
SERVER RAIL SERVER RAIL
10.0% o TAGE: DC - DC|%0-0% 10.0% \yo TAGE: DC - DC|%0:-0%

TOTAL TOTAL SYSTEM| TOTAL TOTAL SYSTEM
LOSSES EFFICIENCY LOSSES EFFICIENCY
37.5% 67.1% 31.5% 71.6%

TOTAL TOTAL SYSTEM
LOSSES EFFICIENCY
17.0% 83.8%

TOTAL
LOSSES
13.0%

TOTAL SYSTEM
EFFICIENCY
87.3%
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BERKELEY LABS-EPRI-ECOS CONSULTING-
CA. ENERGY COMMISSION

Higit=Performance Buildings— &
KT HigheTech Industries

N

- [ [ =V Jruryy Lo R
‘ Sarving the commercial, indostrial and imsticutonal markecs

Group Studies Dc Power in Data Centers

Nowvember 21, 2005

Mew power delivery infrastructure solutions are needed for the high power densities of the next generation data centers. High-density computer envirenments, utilizing
altermating current (ac) to deliver power to blade server technology and other high-density computing devices, are presenting major challenges to owners and operators.
Typical facility infrastructures cannot accommodate the added heat loads and reliabilicy reqguirements of such installations.

Servers equipped with direct current {dc) power supplies, instead of ac power supplies, operate with 20-40% less heat, reduce power consumption by up to 30%, increase
server relizbility, offer flexibility to installations and decrease maintenance reguirements.

Utilizing current off-the-shelf components, it is possible to install and operate a high-reliability, high-voltage dc power distribution system for a dc-powered server
environment-without batteries or complicated ac power system drawbacks. This high-reliability dc power distribution system could be the next generation power system
architecture for data centers.

&n industry group is being formed to study and demenstrate the use of dc power for data center applications. This group, spensored by the California Ener-gy Commission
through Lawrence Berkeley National Laboratory, will be headed by a partnership between EPRI Scluticns and Ecos Consulting. Companies representzed at the initial meeting
include HP, Sun Micresystems, Baldwin Technologies, Inc., Pentadyne Power Corp., SATCON, SquareD, TDI, CCG Facility Integration Inc., Nextek Power Systems, and
Dranetz-BMI.
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DC PoweERrR FOR DATA CENTERS
OF THE FUTURE

http: //hightech. bl . gov/de-powering,/

Overview

An alternative approach to conventional altemating-current (AC) power uses a direct-current
(D) power distribution scheme throughout a data center, Most data cenfer server racks are
not currently powered this way, butwith the advent of servers on the market that can
operate with either AC or DC, itis possible to use the DC powering approach, thus eliminating
extra power conversion steps and losses, Other benefits include reduced cooling needs, higher
equipment densities, and reduced heatrelated failures,

Farties interested in participating in this project should contact William Tschudi, My Ton, or
Brian Fortenbery,

Demonstration Goal and Objectives

A stakeholder group has been formed by industry and the Califormia Energy Commission to
iny estgate;

1. wWhether or not DC powered server(s) and/or server racks can provide the same level
of functionality and computing performance when compared to similarly configured
and operating servers (and/or server racks) containing AC powerad server(s), as
measured with industry standard measurement devices and software tools.

2. Document any efficiency gains from the eliminaton of multiple conversion steps in
the delivery of DC power,

3. Feasibility for both facility-level as well as rack-level D conversion and delivery,

4, Identify issues/best practices and make recommendations for implementation,
Additional Information

B Facility-Level Qverview [Download]

B Rack-Level Overview [Download]

B Frequenty-asked Questions
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DC DEMONSTRATION SYSTEM AT SUN MICROSYSTEMS, NEWARK, CA.

http://hightech.lbl.gov/
IRECT POWER TECHNOLOGIES, INC.

Providing Efficient Reliability

Slide 38




DC DEMONSTRATION - TIMELINE

L

@ Stakeholders first met — Fall 2005

# Kick-off meeting — April 2006

@ Equipment assembly — May 2006

# Initial “Team Open House” June 7, 2006

€ Public Open House events: June 21, July 12,
26; Aug 9, 16

# End date — August 16, 2006

N

Providing Efficient Reliability
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THE RESULTS

N

%
/ ' Years n."‘-\j:rl'd-{'lius:
Science
DC Power for Improved Data Center Efficiency
January 2007
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THE RESULTS

/
%
14 Project Results
Our results indicate that the DC approach does provide an increase in conversion
efficiency. We were fortunate enough to have access to two AC distribution systems as
well as two DC conversion/distribution systems, and the efficiency ratios were
determined for both sets.
Table ES1
UrPs ‘Transtormer PS oystem
System Efficiency Efficiency Efficiency Efficiency Efficiency

AC System A: Measured Efficiency 90% 98% 90% 79%

AC System B: Measured Efficiency 90% 98% 90% 79%

DC System A: Measured Efficiency 949% 100% 92% 87%

Compute | Input Load | Efficiency
Energy Consumption Load (kWh) (kWh) Gain

AC System A: Measured Consumption 233 26.0

AC System B. Measured Consumption 233 25.9

DC System A: Measured Consumption 22.7 24 .1

% Energy Consumption Improvement vs. AC System A 7.3%

% Energy Consumption Improvement vs. AC System B 7.0%
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THE RESULTS

It should be noted that both of the AC distribution system used represent the best on the
market with regard to efficiency. Both of the AC UPSs are high efficiency units, and the
efficiencies of the power supplies in the AC servers — at 90%, are much higher than units
currently found in today’s data centers. By comparison, a typical AC system in today’s
data center would have a UPS that was about 85% efficient, and power supplies around
73% cfficient.’ The estimated improvement of the DC system over these “typical”
systems 1s shown in Table ES3 below.

Table ES3
UPs Transformer PS System
System Efficiency Efficiency | Efficiency | Efficiency | Efficiency
AC Typical Distribution Efficiency 85% 98% 73% 61%
DC Distribution Efficiency 92% 100% 92% 85%
Compute [ Input Load | Efficiency
Energy Consumption Load (W) {W) Gain

Typical AC Distribution Efficiency 10,000 16,445

DC Distribution Option (Optimized) 10,000 11,815

% Energy Consumption Improvement vs. Typical AC Distribution 28.2%

In this case, an improvement of over 28% is possible in an average data center. This
means the DC distribution system, as demonstrated, will have the potential of using 28%
less energy than the typical AC system found in today’s data centers. Since data center
HVAC loads are typically about the same as the IT load, this means that a 28%
improvement in distribution and conversion also means a 28% overall facility level
efficiency improvement.
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OVER SEAS STANDARDS ACTIVITIES
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ETSI EN 300 132-3 vi1.2.1 ¢003.08)

European Standard (Telecommunications

Environmental Engineering (EE);

Power supply interface at the input to
telecommunications equipment;

Part 3: Operated by rectified current source,
alternating current source or

direct current source up to 400 V

Providing Efficient Reliability



DC POWER IN THE PRESS
(17—

J ‘ 1/3 the power consumption

A mp PuRLIOAT ON http:iwww.energyandpowermanagement.com March 20D = Vol 31, No. 3 = §7.00
March 27, 2006

By Jeffrey Burt

~J = E ErNT Farmerly Ensngy Usar Nons
Serving the commercial, industrial and institutional markets

Gannatt is revamping its Washington data centar's power infrastructure, having added another string of
traditional AC power supplies prompted in part by the move to bring the company's Web hasting
operation in-house.

However, Gannett officials expact the media
company's hosting capacity to grow and are

already planning for ways to keep the
15,400-square-foot data center powared up
and cocled as that occurs. One option under

study is the use of DC power distributicn

IDEAS within the data center.
DESERVE RELATED LINKS

Movell to Develop
Cross-Blatform Data
Center Tools
REWARDS Data Cenbers Give Intel
Static over Electric Bllls
Wil Google Shed Light
on Data Center?

HP Cools Down Data
Centers

Bethinking Compute

Pawer in the Data
Canter

ADVERTISEMENT

"The question for us is, Does it make sense to go down the same [AC] road if there's an option out
thare that can save us meney?" said Gary Gunnerson, IT architect for Gannett, in McLean, Va.. and an
eWEEK Corporate Partner.

Analysts said the drumbeat for DC powear is likely to increase through June, when the Electric Power
Research Institute will host a two-day data center conference focusing en DC power in Washington.

1
TR ]
q = ¥ While many in the industry have brushed off DC pewer, calling it more marketing hype than reality,
Dc Sulut D S for - others—including Intel, Hewlett-Packard and Sun Microsystems—are interestad. That tric iz part of a
'l . project funded by the California Energy Commission in which industry players are working with
Iade Erue ] at#cen EFS Lawrence Berkaley Mational Laboratory, in Berkeley, Calif., te create a prototype of a DC-powerad data
. ! center in Chatsworth, Calif.. by September.

Mezanwhile, there szams to be seme traction for DC power in the industry, Rackable Systems officials
say that 35 percent of the $83 million in revenue the company generated in the fourth quartar of last I
year was related to DC power deployments, Rackable offers DC solutions at tha rack, row and data ?
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PRODUCT DEVELOPMENT IN PROCESS
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RECTIFIERS & DC - DC CONVERTERS

m DPTIl is working with SATCON POWER SYSTEMS to develop high
efficiency rectifiers and dc-dc converters specific for this system
architecture application.

N

m SATCON is currently providing power conversion products for the
Navy’s new DD(X) destroyer program for a DC based Integrated Power
System.
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150kW Rectifier PDU

CONNECTION LUGS-ENERGY STORAGE
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(] SYSTEM/S Isolation Transformer
\ Installed here if required
DC Filter for one DC polarity
~ A - ground or Auto
TN SRR Transformer Installed for
| . ' 400Vdc
400Adc, 400Vdc nominal i \A TN
output ! =Y T~
: == T
480Vac input ! —
/I\
—O—E——< 22! AC

1 T Breaker 480VAC
Source Typically

Regtifier neutral grounded
Bridge
Rectifier 400Vdc, 500A - —~
eRittal Enclosure Bridge fuse AC Filter to meet
*300A Thermal Mag in-put AC breaker . IEEE-519
. 2 . , protection .
*AC Line Harmonic filter & fusing to meet IEEE519 requirements requirement

*480/283Vac auto transformer

3 semiconductor line fuses with blown fuse indicators and switches
*500Adc, 400Vac diode bridge 40°C rated with cooling provided

*DC filter for ripple reduction

*Output DC fuses 500A rated with blown fuse indicator & switches

OR 500A DC OUTPUT CIRCUIT BREAKER (BREAKER
PREFERRED)

*POWER QUALITY METERING — INPUT & OUTPUT VIA DRANETZ-
BMI ENCORE SYSTEM

150kW PDU Rectifier Power Schematic

IRECT POWER TECHNO
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RECTIFIERS & DC - DC CONVERTERS

N

%
= DPDI is also working with EPRI to develop high efficiency
rectifiers and dc-dc converters specific for this system architecture
application.
Slide 48
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Intelligent Universal Transformer - EPRI

Functions and Value

N

% Traditional voltage
Core Technologies All Solid-State stepping, plus..
Needed Replacement for New service options,
Distribution such as dc
Transformers _
Real-time voltage
regulation, sag
:: > correction, system
: monitoring, and
4 =5 ther operating
Demonstrated 2004-2005 : > \ 0 :
. L | benefits
Other benefits:
standardization,
Product Spin-offs size, weight, oil
L elimination
Patent application for EHV
version of IUT Cornerstone device
(substations) for advanced
: distribution
Other power (_electronlc automation (ADA)
applications
Slide 49
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EPRI's Advanced Solid State Transformer Design using
HV Power Electronics

J
The multi-level IUT transformer

concept is based on using HV-
IGBTs at the distribution voltage
level.

® | One major advantage in using
multilevel converter approach is
its effective switching frequency is
multiplied, and thus the ripples

®f‘\

w w

S
| — | —
»

w w

@ o

g @

| —

>

w w

g 9
| E— | —
HE

(@]
1=
i

(2] w)

& f
| — | M—
»

Low-voltage IGBT based inverter
de

are significantly reduced.
&® Voltage sharing problems can be VA

eliminated with the use of
clamping circuits

& Lesser series connected modules
at the input stage are required
making the design to be more
reliable as compared to
ABB/Purdue design.
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T4
3 A 4
high A B ‘ n a Hé CdC:: T IS?(;IZ
side , : : CI S Tl
SAlJ ESBlj JESClj xc, aIJ i 2 2
Swe] ez Scz] Se2| High-frequency
transformer
Vd
2
. 120V
1r 2 1.i 3 4 )
120V
Note: *
1 = Five-level neutral-point-clamped converter 6 120V,
2 = DC capacitor bank (4 in series) 400Hz
3 = High-freq transformer
4 = Rectifier & filter circuit
5 = Full-bridge inverter with split DC buses
6 = Full-bridge inverter with single DC buses
7 = Buck converter
8 = Controller
« Active Front End Rectifier Controller 7 DC Output
* High Frequency Inverter Controller
» Secondary Output Controller
« Communication Controller

IRECT POW R TECHNOLOGIES INC.
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380/400VDC CONNECTORS

;
NN . . .
= DPTI is working with Anderson Power to
develop a 380/400VDC connector
Slide 51
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380/400VDC PLUG STRIP

= DPTI is working with multiple companies to
develop a 380/400VDC plug strip

N




OVERSEAS DEVELOPMENT OF 400VDC CONNECTORS
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ENERGY STORAGE

SYSTEM

\V
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Pentadyne Voltage Support Solution™

he Pentadyne Voltage Support Solution™
provides ride-through power and voltage
stabilization in a variety of areas, including:
1. Uninterruptible Power Supply (UPS)
2. Adjustable Speed Drive (ASD)
3. Distributed Generation (DG)
4. Utility Premium Power
5. Electric Urban Rail

User Interface

Motor and Bearing
Controller Module d

Power Conversion | ||
Module

Flywheel Module
(Ses rear for details)

Specifications

Rated Power 120 kW
Duration at Rated Power 20 seconds
Useable Energy Storage 0.67 kW.h
(2400 kW.s)
Max. Recharge Power 120 kW
Typical Idle Power Consumption 300 W

Total Weight

590 kg (1300 Ib)

Dimensions (W x D xH)

63 x 83 x 180 cm
(25 x 33 x71in.)

Operating Temperature

-20°C to 50°C
(-4°F to 122°F)

Non-operating Temperature

-20°C to 80°C
(-4°F to 176°F)

Output Voltage

500 to 850 VDC*

Output Voltage Regulation +/- 5% DC
Weatherproof Enclosure Optional
Forklift Compatible Yes

*Parameters are set by the user through the Pentadyne system “user interface”

console; for other voltages, please consult Pentadyne.

Operational Flexibility

The Pentadyne Voftage Support Sofution™ can provide clean constant DC output (or AC output with optional
hardware) for 20 seconds at 120 kW or other combinations of power and time equaling 2400 kW-seconds of

energy (as shown below).

\

Quput Power (kW)

Power Delivery Duration (seconds|




Pentadyne Voltage Support Solution™

Pentadyne Flywheel Technology. Unique technology features create unique economic benefits.
Superior customer economic benefits come from Pentadyne Power Corporation’s choice of innovative technologies,
which include:

Features Economic Benefits
(] + Active magnetic bearings * No mechanical losses
U/ + Internal, integrated vacuum system » Very low aerodynamic losses
« Synchronous reluctance motor-generator = Very low standby losses
+ Fiber composite flywheel * Low cost energy storage
+ Unique patented safety system » Low installation cost

Pentadyne’s flywheel technology provides precise electrical power for ride-through and voltage stabilization during
electrical disturbances.

The Pentadyne Flywheel Module

Upper Magnetic Bearing

Molecular Vacuum Pump

Carhon Fiber Flywheel Inner Housing

Stator Synchronous Reluctance M-G Rotor

Liquid Cooling Passages

Lower Magnetic Bearing

Outer Housing

Why Choose Pentadyne Flywheels Instead of Batteries?

Pentadyne’s flywheel technology provides superior performance without the high cost of ownership and the
environmental impacts that batteries present. Further, due to the unique operating features such as rapid recharging
and broad operating temperature range, the Pentadyne flywheel can be used where batteries have been ruled out.

Pentadyne Flywheel Batteries
Lifecycle Costs * Very low standby costs « Large float and cooling costs
+ Low maintenance costs * High maintenance costs
+ Low installation costs » Air conditioned room required
+ Small footprint and light weight » Large footprint and heavy
+ Long life * Frequently replaced
Reliability * Rapid recharge « Slow recharge

Broad operating temperature range
Remotely monitored

Narrow operating temperature range
High failure rate

Save 50-70% of the cost of owning batteries

Over a 10 year period, considering the space conditioning energy requirements, high maintenance, and frequent
cell replacements, the battery energy storage may cost 2 to 3 times as much as the Pentadyne flywheel system on
a lifecycle basis.

Pentadyne’s flywheel technology provides ride-through power for 20 seconds or more—which exceeds the duration
of 98% of all industrial and commercial power quality problems—and provides voltage stabilization during electrical
disturbances. Get the facts. Contact your Pentadyne Distributor.

Slide 55 IRECT POWER TECHNOLOGIES, INC.
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FUTURE — PROTOTYPE 2 FLYWHEEL BLADE-POWER
CONFIGURATION:

{1

7] (= E— °) %) or | r——=x
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400VDC DISTRIBUTION TO EQUIPMENT RACKS
S'I'L\RLII\IE Standard B225 Amp System to 600 Volts

/
\V RACK BUSWAY
Also B160 or 160 Amp Systems
2, 3 or 4 pole with/without Isolated ground
= = T
4.187 in.
.= Support Hardware
—>)2.375inl4— =
| Housing Section I /%
End Piece I
I Accessories - Closure Strip, Wt. Hook,etc l
| Plug-In Units I
Slide 57
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BUSWAY IS RATED AT 200Amps AT 600V DC

N
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STaARLINE

TRACK B US WA AY

MATERIAL:
RATINGS:
LENGTH:

INSULATION:
VOLTAGE DROP:

HOUSING SECTIONS

BLUE (C)
RED (B)

1SO GRD.
BLACK{A)

pnr 4.187"
’\ sEring pressure
=

Spring pressure
L WHITE(N)

“Spring-pressure” -
c us channel busbar

LISTED

Tool Force

Housing sections are joined by inserting
male end into open female end so that
stabs are parallel to female slots.
Installation tool is then rotated to force
stabs into slots.




NEW BUSWAY IS RATED AT 400Amps AT 600V DC

_El

5.050
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DC RATED BUSWAY PLUG FOR HVDC POWER DROP

A
N

li
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600VDC RATED BREAKER FOR POWER DROPS

A
N

Diagram C:breckng wilk 3 poles ir series

s3 % per polariy
150/225A “’oc.ga+
&

Standard thermal-magnetic

5 1

Slandard 53 package Includes

|x: e circul nreakeranunuurnrg
ne. Qindar cable lugs

sepa'melba'n slr-clardnuppe'!

+l
aluminum (CwAl) lugs are no ch I
W OI"IHLEH\\T'ZIIILD?':HSEE = ‘1

HaWsD
BT 4Tz 40T
SIN SIS
General UL/iCSA Interruptlng capacity (k& RMZ)
The 53 breaker family ranges fram 15 hraugh 225 amperzs. The 53 Tip UL489 | CSAC22
mechanisme are non-interchangeatie and use sensitive electramagnztic raays
for Cvercument irp on. Feat senslive Dimelals are used for memal Wiokaga H L

aercumment protection. Shiort circult cumant protection beging at 10 Hmes the

P e iy o 5|5 | % CONNECTION DIAGRAM FOR

Versions SoovDe
To maet 3l applcation neegs, N2 52 16 avallabke In varous Yersions:

el 600VDC BREAKER APPLICATIONS

O = Mokded case

M = Magriiic om)-wcn) . ] i .
G = 3X Mag 100 - 225A >-paie anly) IEC-34T Interrupting capacity (k& RMS)
Performance level olage H H L
Each varslon 16 also vallas in difizrent masmam fan Mmemuping ks 2B ] 100 170
5 = ZATUAC 380VE004 15WAC 35 63 85
N = Normal L4TVAT 0 50 65
H = High ST = 40 50
EIIMAL 19 14 20
L= Exdra high ne 3 - x
Mumber of poles TIVDC o 35 50

In UL'CSATorm, the 52 |6 avalladlie In two pole o three pale versions, bain with
the same dimenslons. A four pole version i aiso avalable In LY IEC form. For
price estimate, 300 35% 1o Iist price of selecked version Mres pole breaver, contact
AES Conirol Tor getals.

Accessory mounting

Imemal aeoesEanes ars LLICSA aporoved for ol *asiory o fleln Instaiiation.
NIESECI‘I&I‘!I}.I[E Conirol cable Connaciors. .T‘II.II'lﬂFECI UWR'E mount In the
Ieft sty Auiary of bell alam swiiches mount In ihe righ caily.

Reverse feeding
Al verslons of the 33 family are sultable for reverse fead applcations.

Molded case switches

UL4E3 swhiches inciude no overcurrent prolection except for a high Instantanaous
trip mechanism for 52K prowection. IEC type makled case swichas ith no ip
protection are alsa avaliable.
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OTHER DC RATED BREAKERS

Presentation A complete DC offer
_67 from 16 to 4000 A

500 Vdc Rated

www.SquareD.com UL Listed
Far{he nostup-b-gale Infvrmaion Class 600
UL Listed 500 Vele Rated Circuit Breakers The UL Listed therrmakmagnetic molded case dreuit braskers shown

bl are specifically designed for use on ungrounded o systers
Feawving & rrasirmum short-circuitvoltage of 500 Vde ora meximum
floatirg (urlzaded) voltage of GI0Vd:, The circuit breskers ans suitabls
foruss onby with UPS {unintamuptable power supplies) and ungrounded
aystems.

This tee-level voltage rating allows thes e circuit breakers to be applied
1o battery sounces having a shortcirsut availablity of 20,000 amperss
for FH, KH, LH, ard MH cirsut breakers and 25,000 ampsres for FAF
ciruit breakers at 500V ds,

FH, KH, LH ared MH circuit breakers are provided with an adjustable
mamencmpﬂ'ﬁm readily ikl mears of a singke adjustment
on the face of the circut breaker. FAF circuit breakers have a fixed
magnatic irip rengea.

These circuit breskers are UL Listed for the interupting ratings shown
oy if applad with thres poles cornacted in series (s2ies connestion is
extemal to cirsuit breaker). S diagram below

nicts: Due to external series cornection, FLINE® circult brealers are nat
available for this application.

A CAUTION

CONNECT ONLY AS FOLLOWS:
mivde coids ooV

- . .
NSHEDDC AP NS160DC - 2P. NS160DC- 3P NSEFODC - 4P

Source = 600 Ve max. (fleating)
500 Ve ma. (loaded)

Circult Broaker Adjustable Wagnatio Trip Rarge—DC Amparas mvmmhmnng Price
Gatalog Humber Lo High @ o
FHL3E0601300 5 120 3 e
7= =0 20,000 AR [
FHL3= 1001500 150 50 1027
KHL36125170C 350 o0 9009,
KHLZ1201706 350 sEo 850,
KHL3817521 0 400 b0 800,
[T 500 1000 20000 AR 2000,
KHL36EE5200 509 1000 069,
KHL3625025 00 625 1250 505,
[y 625 1250 5085,
NW10 DG - 5P, [E] 5055,
LH 33502900 [ 170 21000 AR 5085,
il 5025,
WHLz4E031 D t 50 sa0d,
WHLz8E002200 1250 =00 a0,
MHLIE003D0C 1500 300 a0,
MHLIT003E0C 750 =00 20,000 AR .
WHLZB0zEDE 2080 a0 Tz
WHL38800200C 2500 5000 Gass,
WHLZ 10004000 = B %388,
[ =0 S 25,000 AIR [
Clrcult Braker Ra=d Tp Rangs—D G Ampsres. Ints upting Ratn
Catalog Mumber Hod Ty Do L]
FEF3E120000 1200 1600 EETS
FEF381 50000 1600 28D 25,000 AIF 15484,
FeFaEa0i00 2000 el 15484,
FCF325000C 2500 i 5,000 AR 26240,
3 Mocpat e Vokaran s ars =20% from e rorminal valuss shown.
0 a iy I a ventiaiadenciosura ML SnckosUR MaSins ara 36" N 207w X 7 d wih & minmum of 10 squar inchas ofvenilalon near ha top o ha enciosura

IRECT POWER TECHNOLOGIES, INC.
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SYSTEM MONITORING/METERING
DRANETZ-BMI Encore Series

p
NN
Product Summary —
- Revolutionary, next generation product family from Dranetz-
BMI for the permanently (and semi-permanent) installed
market
- Encore Series Model 61000
- All new instrument design that builds upon the strengths of:
- Signature System
- Strong Power Quality capabilities
- Web browser based interface
- 4400/PX5
- Power Quality compliance capabilities
- Visualization — Bright, colorful, easy to use local user interface
- Measuring Pad
- Physical measurements
Slide 63
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Encore Series
Possible Configurations

C‘/

Utility Substation Distribution Analyzer Key

Three instruments in one

4 Channel
s/ Voltage Module

I

4 Channel
Current Module

@ 4 Channel Analog
Multiple voltage bus/circuit monitoring Input Module
Four instruments in one Digital Input or
Output Module
ENC@RE

S E R I E S
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4l
T (actual instrument depends on your configuration)

Voltage
Module
Safety
Connectors

Slide 65

Encore Series

Sample Rear Panel

Current
module TR
Connectors

RS232, RS485
GPS Antenna

Power Supply
Output For GSM

Power Supply
Output for Flex
CT's

Power Switch

Voltage Voltage Module USB Ethernet 12VDC Instrument
Module Pod interface Power Supply
Screw Vi

Terminals EN@ '
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DC-UPS SCHEMATIC CONNECTION PLAN
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& BLADE POWER ©

-ALLOWS YOU TO FIELD MORE BLADE SERVERS PER SQ. FOOT
USING EXISTING AIR CONDITIONING

-SYSTEM PROVIDES HIGHER OVERALL POWER EFFICIENCIES
WITH A LOWER COMPONENT COUNT

-DESIGNED FOR IT MANAGEMENT - CAN BE INSTALLED ON
EXISTING RAISED FLOOR AND EXPANDED BY DATA CENTER
STAFF AS NEW BLADE SERVERS ARE ADDED

-PROVIDES A BATTERY-LESS UPS FEATURE AND SAVES
VALUABLE RAISES FLOOR SPACE
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Providing Efficient Reliability
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THANK YOU !

Direct Power Technologies, Inc.

4907 NIAGARA ROAD, SUITE 206 — COLLEGE PARK, Md. 20740 — Ph: (301)345-8977 — Fx: (301)345-9538 —

www.directpowertech.com
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