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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.  I 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”

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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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. 
 
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
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THE PROBLEM
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THE MARKET

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) 
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TYPICAL SMALL AC POWER SYSTEM UP TO APPROX. 300KVA



Slide 10

TYPICAL MEDIUM AC POWER SYSTEM UP TO APPROX. 1,000KVA
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TYPICAL LARGE AC POWER SYSTEM UP TO APPROX. 2,000KVA
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THE SOLUTION - TOMORROW’S ENVIRONMENT

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 ©
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DC POWER SOLUTIONS - DC POWER PAC - 2 ©
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1ST DEMONSTRATION SYSTEM - CHATSWORTH, CA. –
PENTADYNE POWER HQ – MARCH 2005
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1ST DEMONSTRATION SYSTEM - CHATSWORTH, CA. –
PENTADYNE POWER HQ – MARCH 2005
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COMPONENT PARTS OF THE DC POWER DISTRIBUTION SYSTEM

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
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COMPONENT PARTS OF THE DC POWER DISTRIBUTION SYSTEM - CONT’D

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

THE UNIVERSAL COMPUTER POWER SUPPLY-

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.
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INTEL’S VISION
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SUN MICRSYSTEMS’ VISION
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SUN MICRSYSTEMS’ VISION
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ALTERNATIVE / RENEWABLE 
ENERGY POTENTIALS WITH

DC POWER SOLUTIONSDC POWER SOLUTIONS
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DC POWER SOLUTIONS
DC POWER PAC - 1 - RENEWABLE ENERGY ©

FUEL CELL
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FLOW BATTERY TECHNOLOGY
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FLOW BATTERY TECHNOLOGY
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DC POWER SOLUTIONS
DC POWER PAC - 1 - RENEWABLE ENERGY: 

FLOW BATTERY ©
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DC POWER SOLUTIONS
DC POWER PAC - 2 - RENEWABLE ENERGY: FLOW BATTERY ©
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DC POWER SYSTEM BENEFITS AND 
STUDIES
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DC SYSTEM BENEFITS

-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
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DC SYSTEM BENEFITS - CONT’D

-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%
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DC SYSTEM (48VDC) DC SYSTEM (400VDC)
% LOSS % EFF % LOSS % EFF % LOSS % EFF % LOSS % EFF

11.0% 89.0% 5.0% 95.0% 3.0% 97.0% 3.0% 97.0%
    

1.5% 98.5% 1.5% 98.5%

INSIDE SERVER INSIDE SERVER

13.0% 87.0% 13.0% 87.0% 4.0% 96.0% 0.0% 100.0%

INSIDE SERVER INSIDE SERVER

12.0% 88.0% 12.0% 88.0% 10.0% 90.0% 10.0% 90.0%

37.5% 67.1% 31.5% 71.6% 17.0% 83.8% 13.0% 87.3%

PENTADYNE

HIGH RELIABILITY DC POWER DISTRIBUTION SYSTEM COMPARISONS

TOTAL 
LOSSES

TOTAL SYSTEM 
EFFICIENCY

RECTIFIER PENTADYNE

NO DC 
CONVERTER: 

400VDC TO RACK

SERVER RAIL 
VOLTAGE: DC - DC

AC SYSTEM 1 AC SYSTEM 2

PDU & STATIC 
SWITCH

COMPUTER 
POWER SUPPLY: 

AC - DC

STATIC UPS

TOTAL SYSTEM 
EFFICIENCY

TOTAL SYSTEM 
EFFICIENCY

PDU & STATIC 
SWITCH

COMPUTER 
POWER SUPPLY: 

AC - DC

TOTAL 
LOSSES

TOTAL SYSTEM 
EFFICIENCY

ROTORY UPS

DC CONVERTER: 
500VDC - 48VDC

SERVER RAIL 
VOLTAGE: DC - DC

TOTAL 
LOSSES

SERVER RAIL 
VOLTAGE: DC - DC

SERVER RAIL 
VOLTAGE: DC - DC

TOTAL 
LOSSES

RECTIFIER



Slide 36

BERKELEY LABS-EPRI-ECOS CONSULTING-
CA. ENERGY COMMISSION



Slide 37



Slide 38

BERKELEY LABS

http://hightech.lbl.gov/

DC DEMONSTRATION SYSTEM AT SUN MICROSYSTEMS, NEWARK, CA.
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DC DEMONSTRATION - TIMELINE

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
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THE RESULTS
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THE RESULTS
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THE RESULTS
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OVER SEAS STANDARDS ACTIVITIES
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DC POWER IN THE PRESS
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PRODUCT DEVELOPMENT IN PROCESS
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RECTIFIERS & DC - DC CONVERTERS
DPTI is  working with SATCON POWER SYSTEMS to develop high 
efficiency rectifiers and dc-dc converters specific for this system 
architecture application.

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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Rectifier 
Bridge

Bridge fuse 
protection

AC
Breaker

AC Filter to meet 
IEEE-519 

requirement

Isolation Transformer 
Installed here if required 

for one DC polarity 
ground or Auto 

Transformer Installed for 
400Vdc

480VAC
Source Typically 
neutral grounded

150kW Rectifier PDU

400Adc, 400Vdc nominal 
output

480Vac input

Rectifier  400Vdc, 500A
•Rittal Enclosure
•300A Thermal Mag in-put AC breaker  
•AC Line Harmonic filter & fusing to meet IEEE519 requirements
•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  

DC Filter

150kW PDU Rectifier Power Schematic

CONNECTION LUGS-ENERGY STORAGE 
SYSTEM/S
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RECTIFIERS & DC - DC CONVERTERS
DPDI is  also working with EPRI to develop high efficiency 
rectifiers and dc-dc converters specific for this system architecture 
application.
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Intelligent Universal Transformer - EPRI

Core Technologies 
Needed

New StateNew State--ofof--thethe--Art Art 
HighHigh--voltage voltage 
multilevel IUT multilevel IUT 

Topology Topology –– Lab Lab 
Bench DevelopmentBench Development

New High-Voltage, 
Low-Current Power 

Semiconductor 
Devices

Interoperable with 
Open 

Communication 
Architecture

All Solid-State 
Replacement for 

Distribution 
Transformers

Functions and Value

Traditional voltage 
stepping, plus..

New service options, 
such as dc

Real-time voltage 
regulation, sag 

correction, system 
monitoring, and 
other operating 

benefits

Other benefits:  
standardization, 
size, weight, oil 

elimination

Cornerstone device 
for advanced 
distribution 

automation (ADA)

Product Spin-offs

Patent application for  EHV 
version of IUT 
(substations)

Other power electronic 
applications

HF transformer

gate drive

inverter

board

rectifie
r board

HV capacitors

control 

board

filter board

power board

18”14”

10”

Demonstrated 2004Demonstrated 2004--20052005
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EPRI’s Advanced Solid State Transformer Design using 
HV Power Electronics

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 
are significantly reduced.
Voltage sharing problems can be 
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.

Low-voltage IGBT based inverter

High-frequency 
transformer

high
side

low
side

Cdc

Ldc

Cf

Lf

2
dcV

−

2
dcV

SB1

SB2

SB1’

SB2’

C1

C2

SA1

SA2

SA1’

SA2’

Sa1

Sa2

Sa1’

Sa2’

SC1

SC2

SC1’

SC2’

a
n

A
B

C

1.r 1.i

7

3 4 5

6

2

Note:
1 = Five-level neutral-point-clamped converter
2 = DC capacitor bank (4 in series)
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
• High Frequency Inverter Controller
• Secondary Output Controller
• Communication Controller

7.2 kV
15 kVA

120 V

120 V

120 V,
400Hz

DC Output
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380/400VDC CONNECTORS

DPTI is working with Anderson Power to 
develop a 380/400VDC connector
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380/400VDC PLUG STRIP
DPTI is working with multiple companies to 

develop a 380/400VDC plug strip
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OVERSEAS DEVELOPMENT OF 400VDC CONNECTORS
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ENERGY STORAGE
SYSTEM
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FUTURE – PROTOTYPE 2 FLYWHEEL BLADE-POWER 
CONFIGURATION:
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400VDC DISTRIBUTION TO EQUIPMENT RACKS
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BUSWAY IS RATED AT 200Amps AT 600V DC
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NEW BUSWAY IS RATED AT 400Amps AT 600V DC



Slide 60

DC RATED BUSWAY PLUG FOR HVDC POWER DROP
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600VDC RATED BREAKER FOR POWER DROPS

CONNECTION DIAGRAM FOR 

600VDC BREAKER APPLICATIONS
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OTHER DC RATED BREAKERS
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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

SYSTEM MONITORING/METERING
DRANETZ-BMI Encore Series
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Possible Configurations

Encore Series

Key

4 Channel 
Voltage Module

4 Channel 
Current Module

Digital Input or 
Output Module

4 Channel Analog 
Input Module

Utility Substation Distribution Analyzer

Three instruments in one

Multiple voltage bus/circuit  monitoring

Four instruments in one
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12VDC Instrument 
Power Supply

Sample Rear Panel
(actual instrument depends on your configuration)

Voltage Module 
Pod interface

Current 
module TR 
Connectors

Voltage 
Module 
Safety 
Connectors

Ethernet

RS232, RS485

USB

GPS Antenna

Voltage 
Module 
Screw 
Terminals

Encore Series

Power Supply  
Output for Flex 

CT’s

Power Supply 
Output For GSM

Power Switch
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DC-UPS

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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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


