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From Dept of Energy Secretary Steven Chu

* As Energy Secretary Steven Chu has noted, “America
cannot build a 21st Century energy economy with a mid-
20th Century electricity system.”

« Transforming the current grid into a dynamic, resilient, and
adaptable Smart Grid will be one of the biggest
technological challenges of our times. The rewards,
however, may be dramatic, enabling consumers to better
control their electricity use, integrating the next generation
of plug-in electric vehicles, increasing efficiency, and better
harnessing renewable energy.

Source: Department of Energy, Communications Requirement Of Smart Grid Technologies, October 5, 2010
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Smart Grid to Smart Buildings:

Layered DC Microgrids at the Core of the New Energy Network
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DC Microgrids Throughout Buildings

Focus of the Alliance

Manufacturers,

Distributers, Builders

24 VDC 380 VDC
Occupied Data Centers
Space
|| J
i d X
Academic & Industry \‘—_ :-—"/ \“: —"/ Goretrnmetné & Codes
Interest Groups by A TS nterest Groups
380VDC | ( 24 & 380 VDC
Building
Sarvicer Outdoor

Architects, End Users,
Consultants, Engineers

Source: EMerge Alliance Overview
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Who Is EMerge?

* Manufacturers

« Building Owners

« Technology Leaders
« Contractors/Builders
* Architects
 Engineers

* National Labs

 Codes & Standards Groups

© 2012 Electric Power Research Institute, Inc. All rights reserved.
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Data Center Types, Sizes and Numbers

R s et
Center

Scope Secondary computer Secondary computer Primary or secondary Primary computing Primary computing
location, often outside of location, under IT control, computer location, under location, under IT control location, under IT control
IT control, or may be a or may be a IT control
primary site for a small primary site for a small
business business

Power/cooling Standard room Upgraded room air Maintained at 17 C; Maintained at 17 C; Maintained at 17 C; at
air-conditioning, no UPS conditioning, some power and cooling some power and cooling least N+1 power &

single UPS redundancy redundancy cooling redundancy

Sq ft <200sq ft <500sq ft <1,000sq ft <5,000sq ft >5,000 sq ft

Us)data centers (2009 1,345,741 = 51.8% 1,170,399 =45.1% 64,229 =2.5% 9,758 = 0.4% 7,006 =0.3%

est

Total Servers 2,135,538 =17% 3,057,834 =24% 2,107,592 = 16% 1,869,595 = 15% 3,604,678 = 28%

(2009 est)

Average servers 2 3 32 192 515

per location

CpEl ELECTRIC POWER
—
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Data Center Type and Server Population

Number of Servers by Data Center Type

© 2012 Electric Power Research Institute, Inc. All rights reserved.

0.7% of data centers (Enterprise & Mid-tier)
contain 43% of all servers

(Amazon/Apple/Facebook/Google/Yahoo)

They have staffs of internal electrical &
mechanical engineers to design &
construct efficient data centers

99.3% of data centers (more than 2.5 million
of them) contain 57% of all servers

(Hospitals/Hotels/Universities/Utilities/Banks
/City Halls/Supermarkets/Chain Stores)

These data centers operators struggle with
heat/space/power problems without much
internal expertise
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Data Center Energy Use —Why It’s Important!
They used 1.5% of US Electrical Energy in 2006 &
Growing To ~3% In 2011

140

; ? Future energy : ;
€ Historical energy use use projections > Historical trends

120 W 4 scenario

Current efficiency
trends scenario

®
@
2
L
= 100
K 4
c
2 : Improved operation
E 80 P - scenario
@
wn
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@ - scenario
@
T State of the art
= scenario
c
=
< 20
0 T

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

From: EPA Report to Congress on Server and Data Center Efficiency, 2007. It is estimated that this sector consumed about 61 billion kilowatt-

hours (kWh) in 2006 (1.5 percent of total U.S. electricity consumption) for a total electricity cost of about $4.5 billion

CpEl ELECTRIC POWER
—
RESEARCH INSTITUTE

© 2012 Electric Power Research Institute, Inc. All rights reserved. 8



380VDC Data Centers?!? REALLY?7??

~28% facility energy savings, incl. cooling compared to “typical” AC system
~T7% facility energy savings, incl. cooling compared to “best-in-class” AC system
~33% space savings
200% to 1000% reliability improvement
15% electrical facility capital cost savings
Overall heat load reduction reduces overall cooling requirement

Using fewer of the earth’s resources (15% component reduction)

=2l
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380VDC Data Center Activity

* Involved With Multiple 380VDC Demos
— Universities
— Electric Utilities
— Telecom Industry
* Harmonizing Multiple 380VDC Standards Efforts
— DC Power Partners Joining EMerge Alliance
— European Telecommunications Standards Institute
— International Electrotechnical Commission (SG4)
— NFPA 70:National Electrical Code (2011>>>2014)
» Working With Many Manufacturers
—IT Equment As Well As Facility Equipment

10
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Worldwide ~380VDC Demos

us
Syracuse Univ.
380VDC

us
Intel Corp.

Duke Energy
380 VDC

© 2012 Electric Power Research Institute, Inc. All rights reserved.

France

Telecom
380 VDC Sweden

UPN AB.

350/380
VDC

Taiwan IT
Manufacture

380 VDC

11

China
240&380VDC

KOREA
300&380VDC

Japan
NTT Group
380VDC

Japan
Other Demos
380 VDC

New Zealand
Telecom NZ
220 VDC
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Telecom Central Offices Are Consuming More
Than 1% Of Total Worldwide Electrical Energy

Country Network Energy % of Country Total Energy
Consumption Consumption
USA Verizon 2006 8.9 TWh 0.24%
Japan NTT Group 2007 5.54 TWh 1%
Italy Telecom lItalia 2005 2 TWh 1%
France France Telecom- 2 TWh 0.4%
Orange 2006
Spain Telefonica 2006 1.42 TWh 0.6%

Global electricity consumption of telecom industry estimated at 1%:
164 billion kWh

More than the total electricity consumption of Iran, Turkey or Sweden
Enough to power 1.6 million homes
110.7 million tons of CO2 (equivalent to the annual emissions of 29 million cars !)
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Data Centers versus Telecom Central Offices

Similarities
Both installing lots of computer equipment
Both adding new services & capabilities

(Central Offices looking more & more like Data Centers)
Both are running out of power & cooling & space

Differences
Data Centers Telecom Central Offices
200-240 VAC 48 VDC
Commercial Grade Equip Telecom-certified Equip
New/Modern Sites Old/Downtown Sites

=2l
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380VDC Data Center Demos

EPRI/LBNL - Electric Power
Research Institute

Lawrence Berkeley National Lab,
California

Duke Energy data center in
Charlotte, North Carolina

Calit2 - California Institute for
Telecommunications and Information
Technology , UC San Diego

~
F(refcere ||.||
ERNEST DRLANDD LAWRENDE

BERKELEY LAB BERKELEY NATIONAL LABDRATORY

CPEI ELECTRIC POWER
—
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Sustainability Resource Center
Equity-Environment- Economy

< UCSanDiego | 4

Lol kmpoct. Natione! il

EPI2 | weserrci msnmre
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Standard 208VAC vs 380VDC Data Center

Bypass

< | 1 e LT K
480V

mv 3§ AC [3 J :
j“& 5"{ AC/DC | DC/AC Processor |1
1
1

—r
= Server :

UPS

r-r-—-—-=—">"=""=="T=""="""=""=7=T="="="=7"=== 1
----------------- I
480V 380V I-/ ~| 3sov ¥ L 1ov !
MV 2}”{ AC }“{_ Oe DC , | DC 1 : ; !
5 t 3 ° X E l : VR + rocessor |
° ' E !
—t i I I ] Fan |
upPs |= ' PSU Server |
PDU Rack e E m E m m m . ————————— - - -
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Duke Energy 380VDC Data Center Demo

HP Servers
IBM Servers
EMC Storage Arrays
Delta Rectifiers
StarLine Busway

Dranetz-BMI Metering

EPI2 | weserrci msnmre
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Duke Energy Data Center Set-Up

Facilities

480V 3P 4W

480V 3P 3W

480V
Conditioned
Power
Distribution
Panel

UPS
300KVA
480V/480V

Phase 1 Data Center

—_— e e e e e e e e e e e e —— —— —— — — —
HP Rack IBM Rack EMC? Rack
DCCB DC CB DC CB

380Vdc Bus

Delta Rectifier

EMC? Rack

EMC? CLARION
CX4-960

EMC? DAE

EMC? DAE
XY

EMC? DAE

EMC? SPE

HP Rack

HP ProLiant DL380 G7

I HP ProLiant DL380 G7 I

AC 750W DC 750W
I {HP ProLiant DL380 G7 I

AC 750W DC 750W
Delta | |
30kVA

AC 750W DC 750W
Rectifier l

IBM Rack

I {HP ProLiant DL380 G7 I
AC 750W DC 750W

HP ProLiant DL380 G7 I

AC 750W DC 750W

I HP ProLiant DL380 G7 I
AC 750W DC 750W

I HP ProLiant DL380 G7

AC 750W DC 750W

IBM POWER7
Server

AC PSU | DC PSU

I HP ProLiant DL380 G7

AC 750W DC 750W

Batteries
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ELECTRIC POWER
RESEARCH INSTITUTE

=2l

17



Duke Energy Data Center Metering Scheme

RECTIFIERD OWER npuT
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)
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kW1 1 2
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AC vs DC Comparison Tests

Test
Test 1

Test 2
Test 3
Test 4
Test 5
Test 6

Average

Average Percent

@ Average Improvement Over AC @480V Unconditioned Power Source

Duke/EPRI DC Demonstration Comparison Test Results - All Tests

Difference 16.0% o
Between AC and 2
DC Network 198% = =
15.0% % 15.6% 2

£ 52
15.3% g 14 3
15.1% £ < s

§ ° 2
15.6% g - s

S 14.8%
14.9% 8

S 146%
15.8% »
15'3% 14.2% : : : :
*Test 1 — All servers and storage arrays “on” but “idle” (28 hours)
*Test 2 — IBM and EMC “on” but “idle” (28 hours)
*Test 3 — All servers and storage arrays running at 100% (8 hours)

*IBM (nStress), HP (Prime95), EMC (IOMeter)
*Test 4 — All servers and storage arrays running at 50% (18 hours)
*Test 5 - All servers and storage arrays running at 100% (51 hours)
*Test 6 — IBM and EMC “on” but “idle” (19 hours
(19 hours) ErPRI | L.
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Delta Products - DC UPS

80kW  120kW  160kwW --- 280kW

Facility Configuration

:
:
]
]

Wk

e

i
il
il

-‘lh-ll o o

2wl ]e e
DC UPS Battery Room

Servers Clusters

© 2012 Electric Power Research Institute, Inc. All rights reserved.

e Modular design

e Hot-swappable control module
e 20kW per power module

e Redundancy Configuration

Row Configuration

60+20kW Servers 60+20kW
DC UPS DC UPS

Batteries [ === =282 JBatteries
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—
RESEARCH INSTITUTE

20



Delta Products - Rectifier Module Spec

e Power Module capacity 20KW.

* Input voltage: 480/277V, 400/230V, 380/220V
e Input range: +15%~-20%of Nominal Voltage.
e Input power factor >0.99.

e Current Total Harmonic Distortion <5%.

e OQutput voltage 350/380/400Vdc (Nominal).
e Current balance accuracy < 3%.

e Qutput Voltage regulation < 1%

e Qutput short current limit: 75A.

e AC — DC efficiency : 96%.

e Fully DSP based digital control.

e Delta patented topology for 3 phase buck boost PFC.
e Swappable power module design .

e Dimension: 129(H) x 219(W) x 700(D) mm.

e Weight: 16.1 Kg

© 2012 Electric Power Research Institute, Inc. All rights reserved. 21
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Data Center DC Product Examples

380VDC Power Supplies, Interconnect Cables, Bus Ways, Outlet Strips, Breakers

EPI2 | weserrci msnmre
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480 — 208Y/120 VAC System Cost Comparison Diagram

TYPICAL AC POWER SYSTEM LTy SERwicES sry — — iy
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T e ——— f....a.....', [....n....,
UTIEITY GENERATOR GENERATOR uTibmy
s CRITICAL POWER (PRIMARY XFMR OUTPUT OUTPUT XFMR
POWER SOURCE) EG SYSTEMS & CONTROLS - sasigesasd
s CRITICAL POWER (REDUNDANT) i
MAINTENANCE MODE H
1
AUTOMATIC MAIN SWITCHBOARDS SWEasBl ShEesE
(w/ TVSS & POWER MONITORING) r _
INPUT Fr e :‘_.:__:-__:_J = 1 INPUT
NORMAL i TIES - ALTERNATE NORMAL
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T T T
alD W e =] [=] o' aln
B Podt, éﬁ?g :QE
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BLDG Bis S8 bis E i BLDG EE & BS g8
BUILDING LOADS BiDG g & & e g SE
L L
750-kVA STATIC UPS MODULES uPs-1 ues2 | 81 | upss urs< | &l upss g
EOTAL OF B UPSS] 675 KW l B75 KW ; 675 KW B75 KW : 675 KW
1
zi z: z z: E
i ES ES S ES
! 1 1
: T

UPS OUTPUT SWITCHBOARD rDP-UPS1 I nnupszl I DP-UPS3 I I DP-UPS1 I I DP-UPS2 I I DP-UI

(MAINTENANCE BYPASS)
[TOTAL OF 6 DPs]
(150kVA X 5)
POWER SYSTEM STATIC TRANSFER SWITCH (STS)/ L m
COMPARISON STUDY - POWER DISTRIBUTION UNIT( PDU)
AC vs. DC REMOTE POWER PANELS (RPP) cRmoAL | @25AX2X5)
TO CRICIAL LOADS LOADS
[TOTAL OF 15 STS/PDUSs] ZVAX
= STATIC TRANSFER SWITCH (STS)/
ZMW - 2N SYSTEM POWER DISTRIBUTION UNIT( PDU)
REMOTE POWER PANELS (RPP) R ] (225A X 2X5)
AC SYSTEM DIAGRAM TO CRICIAL LOADS
NOT TO SCALE
—— STATIC TRANSFER SWITCH (STS)/ - STSPDU
sT I POWER DISTRIBUTION UNIT( PDU)
ﬂn INE REMOTE POWER PANELS (RPP) GrmeaL | zsax2xs)
TO CRICIAL LOADS L0402

DC SOLUTIONS
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380 VDC System Cost Comparison Diagram
(15% Less CAP-EX and 35% Less OP-EX)

UTILITY SERVICES il e e ﬂﬁ%ﬁfg ol
TYPICAL DC POWER SYSTEM (FED FROM DIVERSE SUB-STATIONS) No.t 3 e No2
CRITICAL POWER DISTRIBUTION - =
POWER FLOVILEGEND p—, [Rp— PR, (R—
s NORMAL SOURCE POWER | Cumimy | | GENERATOR | . GENERATOR | Uty
L] » STAND-BY SOURCE POWER e s : 2 : : GUTRLIF : e i
;Enrﬁ&f i EG SYSTEMS & CONTROLS | AUMENERE. tennngenned
POWER SOURCE) .
s CRITICAL POWER (REDUNDANT) $
MAINTENANCE MODE
AUTOMATIC MAIN SWITCHBOARDS SRR e
(w/ TVSS & POWER MONITORING) i ;
INPUT Pt ik adel it gy INPUT
NORMAL i TIES - ALTERNATE ' NORMAL
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400A FEED FOR EACH RECTIFIER
MECHANICAL/COOLING & Bch;uG MECHE
BUILDING LOADS Bl i
ZZD-I(VAIKW sTATlc DC—UFS MODULES R-123 R-458 R-788 HA;‘IXLH RR-1.2.3 RR-458 RR-7.8.8 ilrisﬂgl.“
[TOTAL OF 24 DC-UPSs] m?iﬂ e | | zdonw sz | |z | | o | | oo
DC BUSWAY DISTRIBUTION
(800A PER EACH 220kW DC-UPS)
CIRCUIT DROPS TO CRITICAL LOAD [TOTAL OF 24 DC-BUSWAYSs]
EQUIPMENT RACKS
POWER SYSTEM DC BUSWAY DISTRIBUTION E S0 1 o o DY 400+ 6000 €00 DC RATED BLEHAY DISTRIBTION SYSTEM - (400 4 BOOK) E
COMPARISON STUDY - (800A PER EACH 220kW DC-UPS)
CKT DROPS TO
AC vs. DC CIRCUIT DROPS TO CRITICAL LOAD CRITICAL
: EQUIPMENT RACKS Loaas
(800A PER EACH 220kW DC-UPS)
CKT DROPS TO
CIRGUIT DROPS TO CRITICAL LOAD CRITICAL
DC SYSTEM DIAGRAM EQUIPMENT RACKS LOADS el
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SToRLINE  ~FEEE®
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Why 380VDC? — “Sweet Spot”

1200 IEC High Long
100
900 BS (U.K.)
BOJ Server ()
o 750 Ordinance (JPN) PS %
] NEC(U.S. = 7
% 600 E) 0 CU.s.) S g o
S 4 @ 575 [to 48] 28 o
O 428 (192cell) validus = 2
a I 405 s O 420
380 o
US DC Demo
321 (144cell) 354(EV)
U 5 324V (US
® 300 == 311(JPN
300 NEDO PJ. Operating W
(Sendai) bulk - voltage 260
200
$ Low Short
0 Law, Distr. Telecom Demos Rating ACICT Benefit of ETSI Std.
Regulation, Gen. (Number of (Reference) voltage of input HVDC system (draft)
Code, and Cells) parts and voltages
Stds. elements (Peak)

Edited from source: NTT FACILITIES, INC.
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IT(ICBEMA) VAC Operating Ranges

500

400

300

200

140
120
100

80
70

Percent of Nominal Voltage (RMS or Peak Equivalent)

40

ITI (CBEMA) Curve
Revised 2000

Voltage Tolerance Envelope Prohibited Region
Applicable to Single-Phase
120-Volt Equipment
S ? . s
No Interruption in Function Region t i 90
. No Damage Region
| j— ; :
001 ¢ 001 ¢ [T qel 10¢ | 100¢ l Steady
1us 1ms 3ms 20ms 05s 10s State

Duration in Cycles (c) and Seconds (s)
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380VDC Operating Range

50 Jhsec 380 VDC Voltage Tolerance Curve
2000 l\
1800 \
1600 \
1400 \
2 1200 \ ——Upper Voltage Limits
S 1000 \ Nominal Voltage
%3 -
a 800 \ —Lower Voltage Limits
S0 - 400 VDC
A
400 \_i\ 380 VDC
200 360 VDC
0 I A I I I \
0.00001 0.001 0.1 10 1000 100000 260 VDC
10 msec
Duration (Seconds)
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380VDC Power Distribution

L(+) SUEEE mry
3 $———¢2 | IT equipment
AC Mains i T L(-) Vol
2| 3
. L o
Isolation < F L(+) >
s l BE .45 | IT equipment
AC i > 3 equipmen
- . &
controls Rectifier nr}: 3 PDU LO) ‘>
Generator =
Battery i I NOTE: All loads are to be connected
=l & between L(+) and L(-).
i, 9. PE is not a power conductor.
3 L(+)
,-’1 T l J o PE :Lh
LE) ¢——— 2 | IT equipment
L(-) ‘?I__
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Easier Integration Of Renewables

Power Flow from PV Array

to the Electric Grid

____________________ :
|
480V 380V i
Mv 31 AC [ DC |
3 a _.j“ AC/DC Pmcesscr:
|
Grid-Tie > i
Converter = QA :
UPS Rack === ==t e -
2

Power Flow from Electric Grid

Reference to Nextek Power Systems US Patent 7,872,375 18JAN2011

EPI2 | weserrci msnmre
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Benefits Summary Of 380VDC

» Higher Reliability
— Fewer Conversions/Fewer Points Of Failure
 Higher Efficiency
— Higher Efficiency Power Supplies & UPS
—No PDU Transformer Needed
« Smaller Size
 Better Power Quality
 Easier Integration Of Renewable Energy
 Easier Integration of Energy Storage
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Other DC Applications

« 380VDC Uses
— Telecom Central Offices (Operating Today At 48VDC)
— Variable Speed Drives (Washers/Dryers/Air Cond)
— Other Home Appliances (Stoves/Ovens)
—“Rapid Charger” For Plug-in Electric Vehicles
« 24VVDC Uses
— Lighting
— Consumer Electronics (TVs, PCs, Projectors)
« EMerge Alliance Members Working On Both Voltages

31



DC Challenges

« Standardizing on DC Voltages
—24VDC & 380VDC looking like leading candidates
« Safety Agency Approval/Listing (e.g. UL)
— DC & AC Products Both Need These Approvals
« Paradigm Shift
—Back To Some Of Thomas Edison’s DC Ideas
—We Are Used To The “AC” World Today
* Vendor Selection
—Many AC Vendors To Choose From
— Fewer DC Vendors Available --- At Least For Now

32



DC-Powered Home - Fantasy or Future Reality?

Consumer Portal

AT

Solar Panels

Intelligent Universal
Transformer

13.8kV AC/380V DC

Inductive Charging
—|+
Home Office
=
] Garage
Door Opener
g Inverter
—|[+ Home 1] uu Driven
Entertainment | e | HVAC
— :@& po‘m‘_ T~ Unlt
i + e UH ===l | -
S — =
oL, =\ LT T O
\
| | :
| 380VDC e, DCIDC In:{e\;t eg%nyen: +|[— Inverter Driven
%Power Service Converter AL ‘
Z| + + — +
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DC-Powered Home - Fantasy or Future Reality?

* My own home already has many DC-Powered products
with “external” power supplies:

— My Laptop Computer (20V —4.5 A)

— My Cell Phone (5 V — 550 mA)

— My Wife’s Cell Phone (5 V — 350 mA)

—4 Wireless Phones (6.5 V — 500 mA)

— Wireless Internet Router (5 V — 2.5 A)

— 2 Cable Modems (12 V — 750 mA)

— Electric Razor (12 V — 400 mA)

— Powered USB Port (5V — 3.8 A)

— Battery Operated Vacuum Cleaner (10 V — 250 mA)
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DC-Powered Home - Fantasy or Future Reality?

* My own home already has many DC-Powered products
with “internal” power supplies:

— BlueRay DVD Player (26 W)

— 2 Cable Set-Top Boxes (4.2 A)

— Bose Home Theatre System (300 W)
— 54" Plasma TV (465 W)

—-36"LCD TV (175 W)

— PC Mini-Tower (6 A)

—19” LCD Display (1.2 A)

35



DC-Powered Home - Fantasy or Future Reality?

* My own home also has many BIG AC-Powered loads:
* (I've already got two voltages in my house 120&240 VAC)

— Microwave Oven (240 V — 8.3 kW)

— Dishwasher (120 V - 11 A)

— Toaster (120 V — 1050 W)

— Coffee Pot (120 V — 1100 W)

— Clothes Washer (120 V -7 A)

— Electric Clothes Drier (240 V — 5600 W)

— Refrigerator (120 V - 8.3 A)

— Electric Cook-top (240 V — 8.8 kW)

— Electric Oven (240 V - 3600 W)
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Utility Opportunities

* Possible new revenue opportunities

* Energy efficiency for new data center customers
— Reduce electrical costs anywhere from 10 — 30%
— DC O&M costs are on average 65% less than AC

« Conversion opportunities for existing data center
customers

— Approximately 2.5 million small to medium data centers
in the U.S.

— Component “swap out”, not a complete “rip & replace”
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Utility Challenges

 Getting data center customers on board
— Faced it with our test (decided to test our own facility)
— Getting commitments
— Ex. Charlotte/Meck 911 Facility “Too new tech?”

« Technology has to be proven, both in concept and financial
feasibility
— Able to preliminarily show test results in the Duke Energy
facility
— Conversions for brownfield sites key aspect of potential
success
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Potential Outcomes

« Based on preliminary results in the Duke Energy facility
(which showed over 15% increase in efficiency)

— Average small to medium data center consumes
approximately 0.5 to 5 MW

— Reduction possibilities of 10 to 30%

— Major impact for these data centers that are not
“enterprise” sized

* Reinforces commitments to energy efficiency

* Provides new opportunities to interact with customers to
provide wider range of products/services
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