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Outline NTT (O

HVDC power supply system
1. Introduction
2. Advantages of HVDC

3. NTT group’s strategy and technical requirement

4. Application of HVDC

Next generation power supply system
1. System topology

2. Study of voltage levels

Summary
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. NTT (O
NTT energy and environment systems lab.

We, NTT Group, is changing from only being telecom company to that which

promotes global cloud business. Our lab promotes environmental load
reduction of NTT group.

We aim to achieve sustainable and low-carbon society.
NTT groups

© nrr—{§

@ wrreast @ wrrwest  ENTT Comnnications  dimension & I gscomo NTTDaTa

Regional Communication Long distance & Mangged ICT Mobde Applcation ® m:ms
Intemational Service Communication Integration
Communication
ICT Solutions

Consulting, design,
and maintenance for
building and power

" Yokosuka
\ supply system S R&D center

Information Network Laboratory Group Our lab’s fields and technology

Energy and Environment Systems Lab. —> Power supply =DC power supply
Network Service System Lab. Air conditioning = DEMS

Access Network Service System Lab. EMC = Thunder an_d noise _
Materials = Recycling and prolonging

environmental impact assessment

Network Technology Lab.

Service Innovation Laboratory Group

Science and Core Technology Laboratory Group
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DC power supply system for telecom buildings NTT ©

NTT has been introducing DC power supply system for many years because
DC system is highly reliable and efficient. Conventionally, DC -48 V is used as
power bus.

Telecom facilities T lvaunsalel [wilioned
Elf;ﬂlsﬁ L

=

DC 48 V g!gs ! e

={ RF [PDF| f=={ICT|ICT B e
- L .'t-m.’mmi-—-_-_‘_—
Rectifier Power Distribution Frame
] RF |PDF| [ JICT]ICT
Generator . 48 V DC power supply system

|_|'_ | Reciifier ICT equip.

OH [T

6600 Vv Battery _ Battery @_
m=m=_AC Line

=== DC Line
Tr: Transformer Battery
RF: Rectifier
PDF: Power Distribution Frame Conversion STGS=2—>simpIe

4 Copyright(c) 2015 Nippon Telegraph and Telephone Corporation



Increasing power consumption

NTT (O)

Power consumption per rack of ICT equipment is increasing due to capacity
enlargement of ICT equipment. Also, scale of data centers is increasing.
Therefore, reducing power consumptlon is important.

Increase in data-center market and

Power consumption per rack

Power consumption
per rack [Kw/rack]
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A
\
\
\

Alaxala AX6708S

power consumption

20000
Sever O Market [Milionn Dollar]
(1U, blade, 16000 -—®Power consumption [Gkwh]
custom)
14000 —
Rooter 12000
(Core, Edge)
10000 - —— ——
Sever o
(2U, Lo-end) 5000
4000 +—
Storage 2000
Work station 0 ' :
S P @ @ @& @
= ) QQQ) . ((\'b . 6@ . &'b . ((\'b
. Tape storage Q\‘ \\'\ S e S & &5
4 N N '1«\9 n)\ b‘\ G.)\ ('o\
q/Q Vv Q\ Q\ Q\ Q'\ Q'\
v v v > g

Exhibition: Fact-finding 2012 version of a datacenter market and power
consumption

Cisco CRS-1
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Energy Consumption of NTT Group NTT (©)

NTT Group’s business activities consume electricity of about 8.5 billion
kWh per year.

Since 2008, energy consumption of each year is almost same. However,
electrical fee has been increasing.

Energy saving is important issue because “CLOUD” and “IP” services are
spreading widely and they consume large amount of electricity.

Energy consumption
[billion kWh]

This is equivalent to 1% of total power
consumption in Japan

10 i
8 5 2
6 _1 L

Lo 8.52 billion
4 | kKWh- —
2 |
O I ‘ I I I I I I I I I I

1990 2000 2003 2009 2010 2011 2012 2013 2014
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HVDC (DC 380 V) power supply system NTT ©

HVDC power supply systems supply DC 380 V to ICT equipment
-- HVDC systems have fewer conversion steps than AC systems.

=>higher efficiency and higher reliability
-- HVDC systems can reduce current compared to 48-V systems.
=use of thinner power cables, which reduces construction costs

AC power supply DC power supply (-48 V)
UPS ICT equip. Rectifier ICT equip.

Conversion STGs=4 Complicated Conversion STGs=2 simple

-- Higher efficiency HVDC power supply - Lower installation cost
(small diameter cables

(fewer conversion stage-)
-- Higher reliability Rectifier ICT equip. are available)
(battery direct connecting -- Flexible installation

DC o
DC 380 DC Building cost
can bereduced (0) can be reduced

Battery

Battery

Total losses

Battery

Conversion STGs=2

graph and Telephone Corporation




Advantages of HVDC system NTT ©

-- Higher efficiency -- Higher reliability
(fewer conversion stage) (battery direct connecting)

-- Space saving -- Low cost

Space: 30% savings Cost: 50% savings

8 Copyright(c) 2015 Nippon Telegraph and Telephone Corporation



High efficiency

NTT (O)

has simple configuration.

HVDC system include high-efficiency components (RF, PSU) and it

Total efficiency of HVDC system is improved to 92% or more .

Ml Total efficiency from battery to ICT unit
(1) AC power supply system with redundancy (double)

[Operating point of
UPS PDF (AC 200 V, AC 100 V) | Total efficiency: HVDC RF
88% 98% AC] ., || Mother- e \
(Load ratio 40%)  (\With transformer) ] board 96 4.@#
92% 4} K2
UPS PDF — - % Ya
T Efficiency = o /
88% 0 di _ > -
- ifference: 2 ) /
Load ratio 40% '
( 0) (With transformer) 12 8% 8 so— /
(@ HVDC power supply system V “es ‘)U;i
J /I B He/DCSRF system
86 ==AC UPS system
Rectifier pc3goy (DC260~400V) | 1otq efficiency: . /| w e e 100
( Load ratio 80% ) 15 board Operating point
0 of AC UPS

Battery

¥ 1 Latest RF ¥ 2NEDO Green IT data
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2 High Reliability NTT ©)

We have operated many power supply systems for many years.

B From design reliability calculation, DC systems are 10 times more reliable
than AC power systems.

M High reliability has been verified by evaluating data in field.

10-8
AC power supply
AC power
supply with
ac Moc 2 107 UPS —
DC AC - ©
swW o
c
= .
3 10
DC power supply Q
8- DC power
& 10 - supply
— 2
| [ DC: No failure } [ DC: No failure }
1[}-10

1993 1995 1997 1995 1999 2000 2001 2002 2003 2004 2005

Field data
UPS: about 10,000 units, DC power supply about 23,000 units

<reference> H. Ikebe, N. Yamashita, R. Nishii; GREEN ENERGY FOR TELECOMMUNICATIONS: Intelec2007
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@ Space saving

When we introduce HVDC system, we can achieve about 30%
reduction in space.

= =

=

S $ Transformer ; $ Transformer

o (@)}

= € 5500mm 2 € s500mm >

= =

£ £ RF

= UPS =

@ @ PDF

e € 7200mMmM —> e € 6000 mm —>

=

=) $ DF L§¢ Battery
L0

® € 40mm — > © € gi0mm >

g 68.4 m?

= Battery

= Space saving

€ 4800 mm 98.6 m?2 A31% (A 30.2 m2)

500-kW system

Back up time: 10 min




@ Reducing construction costs(thin cable) Nt ®

Cross-sectional area of cables is one-tenth compared to DC -48 V
system. Thus, HVDC system can reduce construction costs by —
ensuring air-flow space under floor —reducing costs of cable, and
Improving its distribution.

Number of cables between battery and rectifier for  Air conditioning efficiency
100-kW system

DC 48 V Air flow

325 mm2 X 20 cables 200 mm? X2
cables

D N pve aMal NG AT A S

-~ -

Zofii1 234667800012 346678ak1 234§

-

DC -48 V

DC -48 V DC48YV DC -48 V ICT
rectifier eqg.

BATT

HVDC

HVDC HVDC ICT

eq.
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Why 380 V? NTT ()

When voltage is higher, we can reduce power loss but safety measure costs
increase. Also, we have been using DC 380 V in UPS and PSU, so we can use those
components for DC 380 V. Furthermore, 380 V is created by piling up 168 battery
cells.

AC power feeding
UPS

AC 200V

ICT equip.

BATT: 168 cells
(24 cells X 7)

DC 12V,
48 V etc

~200V

Battery
\ About /
DC 380V
HVDC power feeding

Rectifier ICT equip. Working Voltage
168 cells X 2.23

DC iy
@--—E - B 2.25V

DC 380 V e 15y =374.6~378 V

AC 200V 48 V etc
Battery

Nominal Voltage
168 cells X 2.0V
=336V

DC 380V
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Issues of HVDC system

Technical issues

Safety

Line-up of power

Electrical stability equipment

Promotion issues

Line-up of ICT

equipment

Standardization

14 Copyright(c) 2015 Nippon Telegraph and Telephone Corporation



Earthing with electrical safety

NTT (O)
To ensure human safety, we adopted earthed high-ohmic mid-point
This system limits human touch current in case of human error

System with earthed negative line

+380 V

e
|
a
a
L
.

.| System with earthed high-ohmic mid-point
ICT equipmenti

I...

’.I..-?

== s Current flow

270 mA corresponds to Level IV in IEC
60479

ICT equipment

g0V
Tisov é

:...E‘ == up Current flow
Human touch current: about 270 mA» Human touch current: about 10 mA

It indicates High risk to human body

10 mA corresponds to Level | in IEC
60479-1

It indicates Low risk to human body
This system is defined by ETSI EN 301 605

Copyright(c) 2015 Nippon Telegraph and Telephone Corporation
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Human touch current (IEC standard) NTT ©

[ms] 10 mA 270 mA

1000 " SN B
. : " AC
g : : IiEEER DC
5 ]
O _
© .
5 100 = ;
E . 5
21| i | v
10 = -
0.1 1 10 100 1000 10000
Bodv current mAT
Safety level

|: Electrification that humans cannot feel
ll: Humans feel pain but there are no problems physiologically
lIl: Muscle cramps and breathing difficulty occurs: dangerous.

I\V: Ventricular fibrillation occurs: very dangerous.

Reference : IEC/TS 60479-1 figure20,22
IEC: International Electrotechnical Commis
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Socket and outlet NTT ©

NTT Facilities collaborates with
Fujitsu component, Ltd.

Plug: unlock Plug: lock

Switch: OFF Switch: ON

(Combination of permanent magnet and mechanical contacts)

Mechanical interlock
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Suppressing voltage fluctuation NTT (O

We can evaluate effect of voltage fluctuation at ICT equipment when short
circuit occurs.
We developed fuse and PDF to suppress voltage fluctuation

Rectifier X C BOX <:;§hort CIrc

AC 200V =>DC 380V £

500
480
460
440
420
400
380

Current

] .|
_— Ve \._‘\

A
V(- _.-_.-
M L7
= S= (==
g
-

e

uit=,

=
\ a3

I 3.;...—.

New fuse and PDF for HVDC

\ Fuse blows
s Voltage fluctuation
| TELL
|Battery |  |PDF | occurs
620 Voltage variation of normal operation side
_Conventional B
product B
—.Development
product B
— :

L ee— N A Duration of

N\ = over400Vis

under 50 us.

Voltage [V]

360
340
320

-0.1 0 0.1 0.2 03 04 0.5

Time [ms]

18

\

Fuse for 48 V

New fuse for
HVDC

Capacitor
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Lineup of HVDC power supply components NTTO

We completed development of power-supply equipment

Utility Grid
3¢ AC 200V

Rectifier:
100 and 500 kW

SESSUUNNNESERERNAANERERNRARANEYD

380V

ICT equipment
(HVDC)

ICT equipment

(AC/48VDC)

Connector
3 ;
Ground

RF sysiom Connecter PDF Converter Outlet  Plug

Grounding: PDF: Converter: Outlet:
Mid point Fuse type and Convert DC 380 V Bar, plug. and
grounding MCCB type to DC 48 V or AC connector for

system 100 V HVDC
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Worldwide expansion of HVDC

NTT (O

HVDC has been expanded as DC 380 V power supply system worldwide

UPN AB DC
350/380V

ABB
DC 380 V

France
telecom
D 30

France
telecom
DC 380 V

European
telecom
D 30

Netpower Labs AB
(several sites)
DC 350/380 V

building

. Telecommunication

China

telecom
DC 240/380 V

DC 380V

China
Mobile

Korea

DC 300/380 SAP

UCSD
DC 380V

DC 380 V

DC 380V \Y

NTT Group
NTT R&D

Atsugi and
Musashino
locations

NERREEEINES
Observation
system

NTT
communications
Large-scale DC
380V system

Some IT \V4

manufactures telecom
DC 380V DC 340V

Intel Univ. of

California
DC 380V DC 380 V

. Datacenter . Micro g rid. etc The graph is modified based on NTT Facilities inc’s data.

Nextek

Syracuse
University
DC 380V

Steel
Ocra
DC 380 V

Clustered

Systems

DC 380 V

North America Cn
Telecom

Stanford
Univ.
DC 380 V

20

20 Copyright(c) 2015 Nippon Telegraph and Telephone Corporation




HVDC standardization progress

NTT Group worked on international standardization

Step 1: Interface specifications at input of ICT equipment
=Complete, ITU-T 2012 published (L.1200)

Step 2: Power system architecture

=Complete, ITU-T 2014 published (L.1201)

Power feeding system

ICT equipment

(

\f |

AC main Rectifier I
AC powe>|: DC power
AC/DC
@ Converter
— L —
Battery - =

system

L.1201

{

, n

~ Interface X R
Definitions such as DC voltage range is
defined at this interface point

L.1200

ITU-T: International Telecommunication Union
Telecommunication Standardization Sector

Ve

-

.
* Voltage range 260-400 V
*\VVoltage variation

(dip, interruption etc)

 Serge test, inrush current )

500
400

Voltage [V]

o

300

200

Capable
voltage range

21 Copyrig

4

7

A

400 V until 50 us

Recover voltage to ]

§ Recover voltage

4

to 260 V until 10 }
ms

-~

0 50u

10 m
Time [s]

7

60
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Lineup of ICT equipment for HVDC

NTT (O

HVDC-supported products have been released (e.g. NEC, IBM and Hewlett-

Packard)

HVDC-supported products are expected to become more widespread

Blade

4U

3U

2U

1U

IBM:
zEnterpirse 114

NEC: Express5800/ pp- c7000 Cisco:

SIGMABLADE-M UCS 5108
" 3 ‘ :;!}_ e
=== L =
= HP ProLiant SL6500 scalable system

HP: DL380 UNICOM: D-2000
Plathome: NEC: iStorage
rusSPS series M series ‘
(2y, 3y, 4U) M300/M100/
(storage ) M10e Atworks: Stingray ZEUNICOM: D-1000
(storage)

IBM:
zEnterprise 196
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Dilemma of promoting new system NTT ©

Situation of ICT Situation of carrier and
equipment venders operator

If carrier and operator say If ICT vender will sell many
that they will buy many types <:> types of ICT equipment for
of ICT equipment, we can HVDC, we can introduce
sell ICT equipment for HVDC. HVDC system.

DN e A My

NTT will break this cycle and introduce HVDC
system.
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NTT Group Strategy for Deploying HVDC system

NTT (O)

NTT has focused on promoting HVDC system

NTT will introduce HVYDC system to many NTT Group companies and promote it

in earnest from 2016.

iImplementation.

@ m INFANESE Search ot NTT ﬂ
Fore Sz Smatt JEEEITN Large
About NTT Group Abaout NTT Corporation
Pross Roleases  Group Companios  Soclal/Environmental nitiatives NTT Facts To investors R&D Career Opportunities

NIT HO0E » NTT Press Betegses > 2014 > Pubhcation of WOrte's st Technin & Requirements 1oc the Nest-generation Power supply mlerface

Search Amang | NTT Press Releases

NTT Press Releases
August 4 2014
Publication of World's first-L Technical Requirements for the Next-generation

Power supply Interface
High Voltage Direct Current power supply system for full-scale introduction by the NTT

Group companses in 2016
NTT Press Releases

+ Latest Press Releases he Nippon Telegraph and Telephone Corporation (NTT, Chiyoda-ku, Tokyo, Hiroo Unaura
(CEQ)), has publkshad the Technical Requremsnls (TR) for "High-Voltage DC (HVDC) power
supply system™Z that is considered as the nexi-generabion power supply system, by summarizing
fechnecal specications for miroducing them fo telecommunication and data-center buildings in
NTT group

The document. titled “Technical Requirements for High-volage DC Power Supply Interfaces ™ =,
is based on standards sef by the International Telecommunications Union - Telecommunicalion
Standardization Sector (ITU-T)

By opening 10 the pubkic to this TR, NTT would ike to widedy stmalste use of HVDC i the
information & communication fiekis. In addition, NTT is conbnuously making our efforts fo tackling
ensrgy consenvation througheut the ICT fiekds

Back Number

Japanese is here

telecompaper::

HOME © MOBILEEWIRELESS - INTERNET

C @ GENERAL

NTT publishes technical requirements for HVDC
power supply

(520 VRl FIXED - IT - BROADCAST

(w] £]in] s |+ B0
The Nippon Telegraph and Telephone Corporation {NTT) has published the technical requirements for
High-Voltage DC {HVCC) power supply system by summarizing technical specifications for
introducing them to telecommunication and dats-centzr buildings in NTT group. The document is

based on standards set by the |nternational Telecommunications Union - Telecommunication
Standardzation Sector {ITU-T). NTT plans to boost the use of HVDC in the information &
communication fields.

In 3ddition, NTT tackles energy consarvation in ICT fizlds, Under the newly-raleazed technical
requirements, the input port to ICT equipment has been specified. It is also applicabis to the input
to voltage converters and other points receiving high-voltage DC powsr. The operating voitags
range is set from 280 V to 400 V and the nominal voitages is set to 380 V. In the reguirements, the
operating conditions in the case that the voltags is outside the operating voltage range, or supplying
power excesds rated power of the powser supply unit in the |CT equipment, and the start-up current
as well 35 various safety factors were taken into account.

NTT HVDC World’s first || search |
http://mww.ntt.co.jp/news2014/1408e/140804a.html

24

NTT plans to introduce HVDC power supply system to its telecommunication and date center
buildings from fiscal year 2018, in order to improve its anergy efficiency. At the same time, NTT
will be expanding introduction of DC power supply systam, by introducing not only ICT squipment
dirsctly connectad to HVDC system, but also the eguipment connected to lower DT voitage {12V,
48V, etc) convertad in 3 rack or in vicinity of 3 rack,
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Roadmap

NTT (O)

B NTT Group accelerates installation of HVYDC systems for telecom buildings

B Reduction in energy consumption and energy cost is achieved through our strategy

BPress release,
Technical Requirement
Guideline regarding establishing HYDC

Mincrease HVDC-supported
ICT equipment

25

ETokyo Olympics &
Paralympics

Copyright(c) 2015 Nippon Telegraph and Telephone Corporation

st .
HVDi stelzp ; 2nd step Final step
accelerate ifi i
. : . Expansion by introduction of HVDC-supported ICT Unified HVDC in Telecom bldgs.
o - by introduction of new equipment* in Telecom bldgs. _
c system N - _ - Achieve both energy
o Req ardi eI DD|V SOE ICT equipment, which receives HVDC directly, does not require migration equipment )
= Additional cost reduction and energy cost reductlgnij
D . FONEA e S * Commodities cost Reduce construction : ) i 4
D costs decrease «Construction cost by diverting Make inexpensive by accelerating deployment
2 Increase lineup of products ' *Maintenances migration equipment ©of HVDC-supported ICT equipment
Safe management
2020
‘ About Network systems

) : Goal:1,000 bldgs

2 Constructio } ! 9 (1) Replacement of ,190%

c n with \—“*%_R 48-V rectifiers ¢¢’

g C based on age of ”I’

(>3\ HVDC + Y\q o A equipment

a . a(\d

) ( 2015 exe 2

© - -

© h e / - Acceleration oraao‘p;on of - (2) Installation of

o ** voltage cor?vrsion b 7~ — HVDC-supported ICT l—:\cljgc;_slfippmoenrﬁd

[} equipment : from HVDC to . o ] quip!

o) DC-48V or AC power line - == ——_e_qumment

g ___________________ - — — — — — — — — - - 1 _| ] >

Z 2016 2018 2020 0 DD ~2030

[Unify power supply infrastructure to HVDC




Specifications of Technical Requirement (TR) ¥NTT &

We published technical requirement for HVYDC power supply interfaces of ICT
equipment

Rectifier Rack
ICT equipment
O AC DC 380 V Mother
-~ DC | board
I— BATT Interface of this TR ||

[ltems  |[Specifications | |

380 V *1 -

¢ TR for ICT equipment based on ITU-T

Operating From 260 to 400 V *2
voltage range L.1200.
VENAGuNTURECECN 7.8 KW *1 ok
capacity over
Limit of current level an *2 490w |abnormal| 500
. voltage
d time E 420 \V—

Abnormal Voltage variation, voltag *2 400 _ . :
conditions e dips, short interruption RA . Criteriaa ,

S, voltage surges/transi 260 260 ’ '
ents

Safety Protection against electr *1
ic shocks oV 0V — =

*1: NTT added in the TR.
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Example of introduction of large-scale HVDC system NTT ©

In NTT group, HVDC system has been installed not only at laboratory sites but
also associated companies.

Recently, large-scale HVDC system has been introduced in NTT Group.

100kW module

Large-scale rectifier: 500-kW system (NTT Facilities)

Total power: 4 MW (500 kW x 8 systems)

Reduce power loss = Lower power consumption by 20%

Initial cost of this HVDC system was less than that of conventional system

yay |




Development of further savings
(Adaptive control)

NTT (O)

NTT group has been developing adaptive control technique for reducing

power consumption for data centers.

In adaptive control technology, we control number of working power modules

according to ICT load.

Heavy
load

Light
load

Efficiency [%0]

Power module ICT eq.
Active —
Active
—
Active
ABIVE A amasement
Battery
7\ Operating
information
| Determine control |
Power module ICT eq
Active F—] — [ Deactvate |
[
Active
Standby
Standby

Control of power modure—7

Battery

)

28

Light load Heavy load
94 I B
92 —  Increasing efficiency

" using HVDC

900 = Increasing efficiency - R

using adoptive control
88 =&~ \Vith adoptive control L

d / =~ Without adoptive control
86 // =&= AC system |
0 20 40 60 80 100

Load ratio [%0]

NTT Facilities activity in NEDO green IT project
NEDO: New Energy and Industrial Technology Development Organization
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Ease of controlling DC power supply unit NTT ©

It is easy to control power supply unit of DC system.
=We do not have to control synchronous and bypass circuits like AC in
system

DC SyStem Fewer power conversions
\ ______ ICT __.
: T2 |
i ¥ DS, | CPU| |
: PDU [ ! : i
| | psu| e
Only connect Directly use battery power

AC system

'| Must be synchronous

| e ICT &
e 3t 4 |
S g 2

.| Need power conversion
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Application of HVDC (NTT Facilities) NTT ©

NTT group has been developing system using HVDC and renewable energy.
Verification tests at two sites for independent distributed-energy society.

" Obihiro city,
Hokkaido

Yamagata /o
City b .r,..l o 4 ;
_ T'nkwi, 3
DC power Sys or-0ffice buildings Energy inte ' etWeen regions
(Obihiro system) (Yamagata site)

These projects were supported by Ministry of Environment, Japan from 2012 to 2015
O Copyright(c) 2015 Nippon Telegraph and Telephone Corporation



Obihiro Project NTT ©

HVDC system was introduced in office-type building at Obihiro site.
DC-EMS control power modules such as rectifier, battery, and PSU of application side.

~) Utility
power
L .2 2 2. 2 2 P L 5B 2 5 B B B B B B B 5 5 5 B -—' ———————————————— ‘
: ' = AC line |
6600 V/ = DC line '
: @ 00V 3 T, : - l
i 200 p i i *, | % Communication network |, == — _— =
s i N v
' . | | > \ w1
i Rectifier(1s KW i DC380 V ; X . \ T — s e
" 1 ectifier(is kW) l ! : switch LED lighting | - -
—~
\ ¥ ¥ - o g - - o
. De i snaeve . a 4,08 ow
i _l".m" : EV charger = l
: charger - ! 0.00 ow 1 P v | l
: lp\,‘ 10 k“,-l__{ DC-PCS(0 kW) } o Refrigerator : 8 __'“ T i S—
i PDU I
—_ i s am
| [l’v(ln kW'i-—-{ DC-PCS(10 kW) I‘ w 142 kv o et
I BMU l 1 —— -4 , —
Li-ion i - 140 V™ g
| . . EV Blu-ray player ) =
i DC power convertor (1‘:‘:\{1’, \ e . =)
L _______________________________________ - L —_—
System Configuration DC-EMS monitoring image

Left: Li-ion charger Flame-retardant Li-ion Refrigerator TV & Blu-ray player

Right: DC power convertor Battery
(Rectifier & DC-PCS) (23 kWh) 31 Copyright(c) 2015 Nippon Telegraph and Telephone Corporation




Yamagata Project NTT ©

HVDC system and renewable energies are introduced at Yamagata site.
HVDC DC bus is connected between building and houses.
DC power is supplied from building to houses.

Midori-Cho Building )
- — s .' 2 Cluster 1 (V1 ] Cluster 2 Cluyter 3
Unility T - -
power | ACSW 1 s o7
{ ] ¢ S AC

‘amagata Technica
High School

Power Interehanger

CACSW 50
Y oo '

e )
@1

hattery '1"‘ ; I DOMHC Y
>
. ~

.
DC R

.............

o,
2

igm

2NF& CONV : Converter
ACSW : AC semiconductor switch
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Outline NTT (O

Next generation power supply system
1. System topology
2. Study of voltage levels

Summary
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Outline of power supply system in data centers NTT ©

There is much power loss when we consider entire power supply system from
input port of building to input port of CPU. To reduce power conversion loss,
we have to particularly consider power topology of ICT rack.

Electric power system outline
PDU ICT equipment

Generator O
Il. UPS _\___ PSU Mother board
[ — 1 ()
@—O\O-@— PSU Mother board

S0y 200V PSU Mother board
ility grid
& Y Generator vt
Battery UPS —
>
Increase power
Power rating |t —
= enerator
e g, [Nl " _UPS_POUIl PSU__emerbond_
1.5% ‘\,\ ‘-""/.'50% | I — O
,1"" N | // | ®—O\'®' [ Memory
., 35% ) 1 6600V 200 Chip, efc] |
ICT - :
15 cqupmer. |1 Utility grid
. w___—"  Airconditioner - ——" ¢
Alr conditioner Efficiency in conventional verification range: 95~98%l
Power supply is Power supply is !‘ Y ge- °.
defined from LU L (Clig Efficiency of power translation to CPU: about 78%
Infrastructures Utility grid to CPU yorp — 2 :
only Review of ICT rack is necessary
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Optimized voltage cascade in telecom buildings NTT (O)
and data centers

Considering trend that power consumption of CPU is increasing and
line distance between grid and CPU, optimized voltage cascade is DC

380 and 48 V.

1 Whatis optimized voltage cascade from input port of

3 building to input port of CPU?
—oo CPU
AC 6600 V
~—— DC1V
] Engine ~—| Point1 |- Point2 | — — — _ _ _ .
|
AC 6600 V NS :

1 Engine
_ Ke)
Conventional @_o\o_@_
system 6600 V 200 V™ by~ T 330V  b—metm—m——s====

12V
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Point 1

Power block system of power supply NTT ©

When we use AC/DC and DC/DC converters as power blocks, we can
move power blocks according to building conditions.

AC 200~ AC DC DC DC 1
480 V DC [ bC 48V DC or
3.3V
AC 200~480V DC 380V DC 48V ,
E Motherboard

_____________________________________________________ 48-V input motherboard

Infrastructure side ICT equipment side
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Point 1

Configuration of power block system NTT ©

Power block system can be used to construct various reliable and capacity power supply
systems by adjusting number of batteries and number of converters.
Using this topology, we can construct flexible system.

Infrastructure ICT equipment
RF

48 V
: : m Small-scale :
o B BAT]- BAT telecommunic | EErecommuni
DC 48V ation buildinas cation Over 5
N parallel connection system g buildings: years
(under 100
KW) About 3 h
RF 48 VE
1 oc} 1 . telecommuni
7 BAT From mid- to cation
% | X ¢ large-scale e
BAT ] telecommunic buildings:
7 serial connections HVDC ation buildings | A°°" 3N | over s
N parallel connections system iggtglita Datacenters: | YE&'S
A8V = (100 KW and | APout 10
V| 2L o ' | MB over) min
@ AC 200~480 BAT
AC pC
4 48 Vi : Data centers
' ZZ“ MB ':}SI: %rsr?tt that do not Several About
BAT| [z . sF:em require minutes 3 years
y reliability
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Point 2

Issues of 12 V on mother board NTT ©

voltage is increasing.

Power consumption and current slew rate of CPU are increasing
Size of line and converters inside motherboard using DC 12 V of input

g 400
ggsoo 4 Intel « AMD Driving voltage: 5V =~ = 1V
3 S 200 Currentrange: 20A = 100A
§ % 0 Increasing (CPU power consumption is 100 W)
o 1
L O
% 0 - Current slew rate of CPU is
o 2000 2006 - 2012 [year] increasing with decreasing
(studied data by qunie Corporation in 2013) Input Voltage
Power consumption is increasing
Large
Thick cable \capamtor

and pattern

memory
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Point 2

Advantages of 48 V compared to 12 V NTT ©

Reducing Cross-sectional Space saving
area of cable

Equality of efficiency for :
converter Equality of safety
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Point 2

Advantage of 48 V compared to 12 V (D)

NTT (O)

space (POL and capacitor)

When we use 48 V, we can reduce cable diameter and power component

Relationship between cable cross-
sectional area and input voltage

—_ | 325 mm?2 | |
‘€ 2000 14 cables — |
%‘ B 6.7kw
o 1500 A 1.8kwW
© i
< | _
51000 \ 200 mm2 |
Q \ 2 cables
n
% 500 N N i
S T~
(@) 0 /| | ﬁ:— e —
0 10 20 30 40 50 60
325 mm? Input voltage [V] = 38 mm?
4 cables 12 V 2 cables

- 400

500

300

200

Copper weight [kg]

'—\
o
o

o

48 V

48-V system can reduce cable
diameter.
=48V is excellent with system

Condition: 30 m (guideline for electric power system)
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lV

DC

3.3V

memory
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Capacitor
energy
u=1/2- C- V2

L

Capacitance
of capacitor
can be
reducedto
about 1/502 =
1/2500



Point 2

Advantage of 48 V compared to 12 V (@) NTT ©

Recently, efficiency of 48-V input converter has not been lower than 12-V
iInput converter.

Safety measure is same level as 12 V because 48 Vis SELV (up to 60 V).

Relationship between converter efficiency and
input voltage (marketing research)

IEC 60950
100 Information technology equipment — Safety —
* N A Part 1: General requirements
— 90 < e ry
S ¢ |T* A A
> 80 1l e A
cc>>‘ $ SELV: safety extra low voltage
1) 4
— 0 SELV CIRCUITS shall exhibit voltages that are safe to
E A isolated touch both under normal operating conditions and after
60 . | a single fault.
4 non-isplated
50 ! ! Voltages under normal conditions:
0 10 20 30 40 50 60 Under 42.4V peak or 60 V DC

12V Input voltage [V] 4g v/

Efficiency of 48-V converter is high Safety measure is same level as 12 V
because 48 V is SELV (up to 60 V)*.

= No longer disadvantage

*IEC60950
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Point 2

48-V trend In other industries

NTT (O)

has already been published by VDA.

&In 2011, German auto makers (Volkswagen, Audi, Porsche, Daimler, BMW) announced
that they will use 48-V power supply units in vehicles.
@ Audi disclosed concept car “iHEV” in 2012, which uses 48-V technology.

& Standardization of 48 V is proceeding. LV148, which concisely describes 48-V system,

Audn |HEV intelligent hybrid electric vehicle Audi
Motor (Freflauf-Motor-Aus)

E Mtvnq’kummw

Erergy fiow wehout asgine rewing omting, segire off)
ORE retealien ystem
[+

Kiimakompressar
Ar cond Lonng cerrdrena*

Sitbnctiondl OC/IX commrten
A8V

http://techon.nikkeibp.co.jp/article/HONSHI/20131122/318108/?rt=nocnt
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NTT (O)

Point 2

Application area of 48-V system

60 kWm, unit multiplied by power consumption and distance, is application

area of 48-V system. Thus, 48-V system can be applied in not only ICT
industry but also in wide range of industries, such as automotive, and home.

Air plane (control unit):

19-inch rack:
3m x 20 kW 30m x 2 kwW
= 60 kWm = 60 kWm
~ 30 :
. 200 mm? cable :
= 25 \ Maximum allowed power :' e
i \\\ ll
=20 |3 | 12V
%- 38 mmZ2cable x 2 :'
E 15 Maximum allowed power ' W 48V
£ |
59 38 mmZ2cable . @ Evaluating
5 10 ; ' oint
= Maximum allowed powef p
=] 1
=5 ’/,, !/ \.%_%:
e VA o -
Car cabling: * = , 5 10 15 20 25 30 -~ Home cabling:
6m x 10 kW Cable distance [m] 20 m x 3 kW
= 60 kWm

=60 kWm Relationship between cable distance and maximum allowed power
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Aggregate of DC voltage (48 and 380 V) NTT ©

Voltages will be aggregated to DC 48 and 380 V in future.

Particularly, ICT industry and automotive industry markets are very large and
are expected to grow significantly. Significant cost reduction in equipment
and parts to use common voltage is expected.

A

. DC 380 V

power EV, HV .

feeding _(power unit) 5" grade Infrastructure side or large motor
4 . -

380 380 '!W- Infrastructure of telecommunication buildings and
[P lesoM_[sso | ssov Y

AC power

feeding (A ower unit (AC ) h . .
eeding (AC) el = main home infrastructure (PV, fuel cell, refrigerator, air

r )
200 V|" 200V | 1200V conditioning)
Aircraft power systems
On-site power (Smart Community)

Automotive motors

o Mild HV

DC voltage [V]

45 \/ DC 48V
Truck . .
-------------- Rack side or user side
24V L 24 V:
Server Generalcars  “CCUCC o T
12V |1 [12v] 1 [12V] 12V 12V
ICT Automotive EV bike Home Airline Space
Industry Industry Fork lift Industry Industry
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Summary NTT ©

We designed HVDC system topology and developed
many power components and introduced many HVDC

systems.

Moreover, we have worked on international
standardization ( ITU-T L.1200 and ITU-T L.1201.)

We have established HVDC strategies for introducing
HVDC systems in telecom buildings and data centers of
NTT Group. Against this background, we have
described technical requirement.

We also described new power supply system concept
to further reduce power consumption and cost.

We will promote DC systems worldwide.
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[Reference] Limit of 12-V system in rack

NTT (O)

Recently, each component, such as CPU, memory and storage, is put in each

chassis, and power supply is centralized in rack.

Therefore, current is increasing and bus bar become thick using 12-V bus.

B Power supply topology in rack

_~"DC 12 Yoard

Storage, Memory, CPU I

Storage, Memory, CPU I

DC
AC

Storage, Memory, CPU I

[ TEE [TEEe

' Storage, Memory, CPU I

(a) Conventional configuration

ICT
equiprrent

PSU Storage Memory CPU

current increase
=thick bus bar

DC 12V _
chassis [ Centralization
CPU chassis Of pOWGI’
supply

DC
AC

Memory chassis

Storage chassis

ower chassis 1
(b) Recent configuration

DC 48 )¢ :
‘1’ chassis

Current decrease
=thin bus bar

CPU chassis

Memory chassis

DC
AC

Storage chassis

ower chassis

(c) Future configuration
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