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Netpower Labs 2000 2F g, 327 3% 8t
2 E—RKE 2380V DCAgAaF £

Founded in 2000 ®
Based in Stockholm, (Nacka) Stockholm

Sweden

e Researching period: 2000 - 2004
e Developing period: 2005 -

e Lobbying/Marketing: 2006 -

e ISO 9001/14001

W Netpower® @
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Mission and Ambition & 4 -~ .

- 380V DC UPS solution & %48 ¥ B

* DC PowersuBe » BB IDC #% & 10%~30% & AE4_ 7
-fe% “AapA R DC for the DC”

- — 4 % & w ik (Pay Back Time)

c RIBRFABTABRETRERTHE

DC Power systems with very high:

g « System reliability - Safe operation

= « Power quality - No disturbances

‘E o Energy efficiency - Significantly reducing
= energy costs

<~ Netpower®
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Technically - solely advantages! ##7 _E 45 4 84 18 3=

« Simple solutions, Easy to BRFTEME
« Handle & understand G T BT
. Maintain Qs
« Expand S’

o Easy to connect in parallel x5 B
. System DC %4 HR
- Batteries DC E AR
« Solarcells DC AIFRER HR
o Fuel Cells DC BHEEA AR

o IT components are all DC-based IT%# 24 &7

e Used in Telecom, Utility, Alarms, Control systems etc.
(12, 24, 48, - 110, 220, 380 VDC)

s FE - B A G2 HE R A

DC -- For all critical applications !!!

W Netpower® @
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AC System reliability
and Efficiency??
ST A ST JE R B R 27

/ DC VOLTAGE WAVE FORM
WILL “PHASE OUT” AC
/ +
—i f
0
AC PHASE SHIFT TIME »

<~ Netpower®
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Voltage level : Overview

&
DC
e ~300-
ﬁ 400V

FC

.60 Hz AC

.......

PV : Photo Voltaic

FC : Fuel Cell

E_ Chuller'

Q.QOQOQOQOOOQ.QOQOQOQO e ..0

PV Power distribution with DG

44 dddddddddddddd ™

Lighting

Sy

Datacom
equipment

pnsmans,
- ]

Seeneand

Motor Loads
(e.g. CRAC)

AC/DC | |DC/AC

*e

=
.
.
.
.
.
*
.
.
.
.
%

ASD

bbbttt

'
*
*
*
o
*
*
*
E

-




INTEL'S VISION

n—’ Londs
B

Baseline 88% ' 79% = 48%
High efficiency: 94°% ' 867% = 68%

« AC 28 R % > LRACHE T & 4 7 50%

« AC HHtUPSA % » F# 8 HEFMEMNO0% > EREBALAKEE £
- AC jﬁﬁﬁfoPS?ﬁéﬁ%)iZ‘\é@ﬂ*%iﬁ ~ FEARET SE LT A M

« AC ZAARAFE S RBERBBSHEREEER S

- AC ,’%é}%ﬁﬁﬁf‘éﬂﬁ-ﬁ% » Tier 4AZRABNRIE & &

- THDi/THDV# & - %é?ﬁlﬁﬁéﬁﬁﬁﬁfaﬁﬁﬁkzﬁﬂm

___________________________________________________________

et | mmu

=.:| nqux-n HEILD H’”*“"H"“HH o Hmuama ; e
<~ Net power® @ e (A I s
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Voltage level : Overview

v ¢ Moving towards a DC facility

3

DC
300-
ﬁ 400V

FC

_ _§“§ 60 Hz AC

Lighting
loads

/) A

Electronic
loads

480V

.......

RSP0 00200000

-
FERERERINR IR IR NN RO R B

-»
*
-
-
*
-*
*
*
*
*
*



Moving towards 400Vdc

<~ Netpower®

labs



INTEL'S VISION

Loads

Server

48V DC : 93%

3BOVDC : 97%

+ hvDCH#EE & % #ACK #48% R had= 7 2] T6%
+ DC 24t dim s &S &R > KeR; A &K 58 E200%

EH R R Option Availability Unavailability Probability of
: fail inS

Berkerly_DCDemo_Fin SRS
alReport ,

po AC Tier IV 0.999996 | 3.9 e -06 13.63%
DC ¥z EIRHA configuration
28 2% DC configuration™ 0.999998 2.4 e -06 6.72%

DC Improvement 62.5% 200%

<~ Netpower®

@ Table 3. Reliability analysis results from Relex* software calculations by EYP Mission Critical Facilities.”
labs




.ﬁ Reliability Field Data of Power Systems RISEAALTES (D)

10

2 107 AC

Fo UPS
©

= 1038

>

0 DC
= 10° power

DC no failure DC no failure supply
10-10

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

(Field data for 10,000 UPSs and 23,000 DC systemls)

JF el b ! _I.‘_ e Py | 'I'f‘)’ ., N A _..l'

Business Creation Division ,NTT FACILITIES,INC. All right reserved. ' Green lntegratlon P.13




AC and DC UPS

<~ Netpower®
labs

AC UPS DC UPS

Z ) tb&: NTT Facilities

x N
B -
i

U,.=7.410° (3h) U,. = 9:-10™ (8h)
tiwn =3 MIN S0 s t..=0.03s
Availability=99.99926% Availability=99.99999991%

VS. Uptime TIA942 Tier IV
«Site Availability: 99.995%
@ sAnnual IT downtime due to site: 0.4 Hrs




Considerable amount of harmonics cause bad
effects in the AC mains:
«Causing disturbances to other equipment

*Causing active power energy losses in the AC grid
*Causing currents in the zero return lead

... also "Active PFC” shows a large amount of harmonics

Harmonics content in
input AC current of "passive PFC"-type
ATX Workstation power supply

70+

60

50

404 o Harmonics‘

30

20

<~ Netpower®
labs
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« VA2 ERBFAER A8 F4TFIRE » sbR

ﬂ%ﬁ%ﬁﬁ%

* /Xjﬁ F’_"i"_/ %/ﬁgg/ﬁifﬁﬁg ’ E]‘

FIRATBR A TR E T

T AR IR

PSU ‘fP B oy & B FAR E =) 8 al'/t‘ﬂ‘DC/ DC PSU»’L?

- R/ /JlLé/Jii};}g"

» INTEL#F %% £ 145 F > /&950"/@?% S8 F

[ R 94 SR A @A (Copper area; Pf = R x |'\2).E'—51-
S

48 8748V DC 4 4 >

TERIOBELABEE > LTS

1% 1% 96 8 & A 69 B T R AR

A8 AC UPS » 4248 9T [41640%

oc \

B

p

415V AC,
3-PHASE,
0.9PF

W Netpower® @
labs

—

ICT
Equipment

AT TR

» WL R ICT =

DC system (48 Vdc)

DC UPS

Xt

738 3 (breaker) 8942 F # & 7T K & 41

_=Comparison of AC, 48 Vdc, and HVDC Systems n

| ICT
Equipment

AC

Utility
Gnd

ACDC

Battery

M
48 vdc

+ High efficiency DC system (HVDC)

operation
« High reliability

+ No phase balancing DC UPS

= Reduce in voltage drop

Utility
Grid

+ No Harmonics
issues @_ DCDC cPU
¥ 380 vac| (2
Battery

Equipment

ICT

+ Wire size reduction
* Equipment footprint
reduction, simpler
interfaces, and
potentially lower costs =
o

« Easy integration with

Research & Development

Copyright © 2011 NTT Facilities. Inc. All rights et




hvDC ##&k F %

W Netpower® @
labs




DC UPS 380V

Solar cells Fuel cells

AC/DC DC/Ac—1

IT Equipment

| | 12V,5V
» AC | DC/DC |
380 | !
[l\C/ bc vV DC!

Power Supply Unit
Reserve power Uninterruptible
Power Supply

= Netpower® @
labs




Product portfolio # & %z &

*Systems — =
Flexible 10 kW — MW ‘ f\?"'\ -
Already 3rd generation | l—-.‘J edic-) &‘L s
Unique solar (PV) integration A2 — —&LL%

2000000000 |

«Components

Connectors, distribution modules,
LED lighting, kWh meters,
control & monitoring devices

Know-How

Technical lead position
Active in standardisations
Longest field experience (over 7 years)

N Netpower® @ 18
labs




DC UPS 380V - System Solution - 2,5 kw to 135 kw

112/135 kW => MW

Power Cabinet includes:

Distribution & battery fuses
AC fuses

Power control unit (-remote management)

« Hot swappable rectifier modules
“pay as you grow”

- Battery 380V

« Modular architecture enables
systematic growth up to 0.1MW

(in steps of 2,5 kW)

Netformer (not shown)

Modular architecture — system growth in steps of 22.5 kW to 135 kW

= Netpower® @
labs




PDU - Intelligent Distribution Module (kWh)

Features:

« 10 x 20A

Remote monitoring
Embedded Web server
TCP/IP FTP etc.

Integrated data logging
(kWh/temperature/voltage)

Discuss _ Messenger

Based on standard interfaces
Built-in alarm functions
No specific client software

= Netpower® @
labs

Temperature:




DC UPS Installation / Distribution

Netformer DC UPS PDU Rack distribution
Insulation transformer 45.0 kW DC distribution Power strips +
Low voltage kWh meter direct powering
Fuses for bigger PSUs
25 mm? |
A :I 3x2pol kWh
5 ~ N+1 meters Power strip : Server |

Option: with kWh
HENE measured outlets

— 20x16A [] I:i:l Cable with fuse
EER % for max 2.5 A

A

50 kVA

25 mm?

0.4kV
6x50A

e
1 o+

16mm?

Connection boxunder === ==—=====-=
data floor
2 per server rack

W Netpower® @
labs




DC UPS - Distribution - In Server room

Distribution Unit
e 4x10A Fuses

Alt.
o Connection box under data floor

Multiway outlet / 400V DC plug
e« 10 Outlets / 10A
« 10 m cable

Option
« kWh meter on each outlet

W Netpower® @
labs




600/400 VDC Outlet

Features
o Touch Safe

o Passes UL & IEC finger probe

Arcing Protection

Hot Plug Rated

First Mate, Last Break Ground Contact
Integrated Latch

Ratings
« 400 VDC (IEC)

. 600 VDC (UL)
. 20A

= Netpower® @
labs




hvDC demo site
& Future Trend




Internet #7A8 % g1 5%

1. Internet uses 2% of the worlds energy resources”

*November 2011 Barath Raghavan and Justin Ma ICSI and UC Berkeley

2. MPEG — DASH #74% £ 35 42, 3# A IDC E K

SHBE LT EAE R > 2011 FMPEGE R & =T £ HT TP L it 478 A8 9138 JE M4 52

B e A% B --MPEG-DASH » sABE R E su e é5om K E SRR B @ ta 5 R AR > L e
1R ¥ R FF
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23k hvDC 44 ERE R SEAE K5

China
Telecom

240/380 VDC
us Telecom China Mobile

: 35/ 3 8 Sweden
Syracuce Univ. 3 A OhE
2B8OVDC L ._ vDC Netpower

350/360 AN
us - VDC 4% KOREA
Intel Corp. i | : g 300/380 VDC

400 VDC

France

{ Tt i Japan

us I‘r L I - NTT Group

ucsD . 4 - o, 380 vDC
380 VvDC . : y

Japan
Other Demos

= 380 VDC

Duke Energy
380 VDC Validus L Tiwan IT
550 VDC 4 % Manufacture e
- e 380 vDC "~ New Zealand
- - o Telecom NZ
—— 220 VvDC

Research & DevelOpment  copin e 2m wrr rasises e at gtes reserves. | g BT )
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23K hvDC 7 ERXE 2 S B

NTT NEDO Project
NTT Univ. Microgrid Aichi
France Telecom Lannion France

May-07 50 KW

NTT Data Corp Mitaka City, Tokyo Jan-09 100 KW
NTT Lab. Mitaka City, Tokyo Jan-09 100 KW
NTT Facilities Toshima-ku, Tokyo Jan-09 100 kW

Korea Telecom Seoul, Korea

NTT EAST Tokyo
NTT Atsugi City, Kanagawa

ResearCh & Development Copyright ® 2011 NTT Facilities, Inc. Al rights reserved. NTTD?J'JJ-{-] @
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Chung Cheng University in Taiwan
September 2010

RESE&TC}] & DEVE]meEﬂ[ Copyright © 2011 NTT Facilities, Inc. All rights reserved.
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2011 Case Study IBM XiV
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DC UPS vs AC UPS - Efficiency — XiV

Efficiency UPS

1

0.95 _#

0.9 —f
0.85

Efficiency 0.8 /

075 e AC UPS
0.7 e DC UPS
0.65
0.6 T T T 1
0 1000 2000 3000 4000

Load [W]

= Netpower® @
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Efficiency

1
0.9
0.8
0.7

0.5
0.4
0.3

Efficiency PSU

e \C PSU

e Optimized PSU

0

200 400 600 800 1000
Load [W]

Load: 220W/PSU (in normal operation)




