zulwvhérsesnerifes (gitea) mSugudneniianes

HaN 1595554

a d 2 ; (Y] a v A
mmwmﬁaﬂudmwﬁwmmsﬁﬂmmuﬁangmmmﬂmmumum«nﬂ

a (v U A A (Y} a (Y] A o Aa d
Eﬂslﬂ3‘lﬂﬂ]ﬁ%ﬂﬂ]ﬁ!ﬂﬂiﬂiaﬁiuﬂ"lﬂ”ﬁ vanaIngiag NvinInglagiinavaumnng

w.a. 2552



Decision The UPS System for Data Center

Nisit Thamrongtham

A Thematic Paper Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science
Department of Building Technology Management
Graduate School, Dhurakij Pundit University
2009



=) a
AnAnssnlszma

= a o S Ao g Y Yo ¢ '
msanastnus luasiidiuseadld Taglasuanuewnnginnvaiesy
a o Y o a 4 v A a A 4 % a
Wa1e7 VTEN ZRMSANEIATINUTNIVVOUNTZAM A3.590A A590A 81915000%8 Noaila
Y1 4 o 7 YR Y 1 9 9
nazARemManI1ngd as. Uin anzsin gaanganlianuerlvldmomaelinnuiuay

dy Qs: o o 1 A J1 9o = I A o oA Y
FUUSUUINNIIN MIAULUSHIANG ﬂlﬂuﬂiziﬂ"]ﬁuﬁﬂlﬁﬂ'lﬂ'ﬁﬁﬂﬂ1L‘]J‘L!’E’JEJ'NEJ\1 auuwaimm
9

=2 a SAA 1 a
ANHIFITUNUTUNAUATININIBINIG

q

aw A o a4 A4 o o " A ~ &
UDUDUAWU VIHNAN €] 1/]‘VINWHLﬂEJ’JLufJ\iﬂ‘]Ji$‘1J‘1J11W°I711ﬁ13fNGI’E]!’L!’EN (QWL’EJE‘T) [N

q

Y

Tudrussnduaauaz 14U (Vendon) nazussngldninms  (Use)  Alda1/inm

Y

' A P o oA S o
FAYLYIAD LAZAALLINNDVUVUTFOUD Y "ll’éliJ“ﬂWﬁﬁW‘ﬁﬂllﬂLﬂuﬂiZIU%HBUNNWﬂGlUﬂﬁLHVIJJ

Y 4
-

a q Y = a ~
WATIH 1F UM TANHIFITHNUTAT I

o

a a o a Ia [ 4
UDUDLA U AT.UUAT Yasau (IT Consultant) USEHN (NAUAADA LFDITIT HWNDIN

o o Ao & Y a 9 4 a S A d’l dy 9 A & d
1NN UiHVI“INGLTT‘]Jiﬂ']ﬁﬂ']uﬂ?ﬁﬂ@ﬂllﬂﬂﬂuﬂﬂﬂﬂv\l'}m@ﬁ 1/]Lfﬁ]ﬂW\lf’)éll'ﬂllaﬂlﬂu‘]JﬁgjﬂGI)’u@ﬂ']\i

u
E4

o a o a o 0911
unlumaih sz g lumsfnerensiwus luasail
4 a A Y [} = 1 1
vovounw AMszgns gniey Nlnnnusemaslunisagavgiiaunaz e

Uszamaulumsiahziiauaudisegarslided

= a

~ dou K J dy Y o = I
ﬂﬂ!\31%ﬂ31ﬂﬂlla$ﬂiziﬂ%u@uwxﬁﬁl']ﬂﬁWﬁu'W‘Ll‘ﬁLﬁllu I?JVI']ﬂ"IiﬁﬂH']ﬂli’]iJﬂ‘]_lL‘]Ju

' '
1 ] =S 9 a A

INTOIYFINTZAMLA AVWO AN YWNT AFINeUAINTIAIINYIlonasdenany

Q G

D

o

gimsanyinaoaun

UAN 51595550



unfadon iy Ing

UNAAIDNTHIDINGH

sy

AAANTTHUTEDI oo,

1.1 inwazanudnyvesilyu......

o ¢ =
1.2 ’JGIQTJﬁZﬁQﬂ‘U@Qﬂﬁﬁﬂ‘H"I ................

1.3 GIJE]‘]J!,‘US?IEU’E)\‘]ﬂﬁﬁﬂB1 ......................................................................................

i)
e
x
=
)}
x®
)
2
o)
Lo

2.5 1@NETLAZIU

= asl R
3. FEIUYIVITANH e

3.1 Ardanaz 19UTmanTeed 1509 TR ENB) wv..ooeeeee e

3.2 mieaun 15T M sz D I E 50 3RO ). it

3.3 105030 N 1F UM IFEAY e

an < 9 A o
3.4 ATNTNVIIVITINVDYALNDNLUY

TADUD MM

3.5 ﬂ?WNﬂWﬂﬁ%ﬂNﬁ%ﬂﬂl@ﬂﬁﬁl@yja AIMNUUUTDUD I e

=< Jq ¥
4. WaﬂTiﬁﬂHWLLﬂgllu'Jﬂ'l\iﬂWﬁﬂﬁ%i.Iﬂﬁsl%

12
14
15
30
30
31
31
32
33
35



M131iey (A10)

4.1 WaNEEOU0INA1FUTNII(User)
52UD I EI5 03ROGO ) oo
42 HAMIAOUDIWRIRUTNT (Vendor)
52uD I E 50RO GOH)..ooo oo
L
43 MITUTZYNRTE ...t
= F)
5. AFUNAMTANEY HAZVBEAUDLUL .oooveoooeeeeeoe e
=1
5.1 AFUNAMITANH coovoer et
5.2 VDU UDLLHE oo clremssssseeeosteseesse st eeeoeeeseeeeee e
VT TOIVUNTU oo eeeessessssees e tbae e
AVVAHUIN oo st
MAHUIN D HUDFOUDMr. oo eobessssssss e eeeeesessnnone
MANUIN 3 EAENTNUANE1IVTZAUYT YR eN
{ o a 4
Lﬁmﬂﬂﬁu dnoNNINDS An Optimal Data Center Availability and

a Jo o
Investment Trade-Offs Y99 AF. YUAT AUAYTAU

44
57
66
66
72
74
77

78

97
104



AUYMITN

319N
2.1 uﬁmsﬁ’ay’aﬂmﬁﬂymmm Tier Classifications I-IV.........ccooiiiiiiinn

[ 1

2.2 uﬁm%yaﬂmaﬂymzmmmmmqm UPS ETJLLUUG]IN‘] ................................

[

23 uam%’ayaﬂmaﬂymmm Tier Classifications I-IV ...
2.4 A1 Availability MTTR MTBF ¥04510M3QUNT0IAN oo
2.5 YouANANAMANEUINTIINUIAZ Availability

YDIFUIADUNMADT 1o
4.1 ADUNNUDIRADUMUD TOUD TN ..clroerestier oo
4.2 UTZNNNVDTTUDIIUIIINU .ol eeee oo eeesee e eseaee
4.3 NAVRHNDN U8 10T (Transformen)...... ...t
4.4 Afavounsearuiia i@ 09 (Generator) ..ot
4.5 Afaveunsear i T $1509801H09 (UPS) oo
4.6 JUnUNMIABTVResE UL IThEI50960LIBN (UPS) ...
47 MITAMIAIVANGUALASFONTIITITEVU UPS.....oooirsnnnssssssesse

4.8 ﬂﬁ%ﬂﬂ1§ﬂ1§a\1ﬂuigﬂﬂ UPA e e

S A

4.9 mi%@minuqmmﬂmﬂugﬂﬁm (Tangible 10SS) tuwieueuiecieieiicieieiecieienns

S A

4.10 mi%ﬂﬂﬁﬂﬂ@ﬂlLﬁﬂWﬂHHW‘ﬁiiM (Intangible 10SS) .....cooveveeereiereriiereeane,

g

4
411 uaniAnUgIUAIUNIEATN (Physical CHAracteristic) ............................

4.12 YodA-YoAvenazmMIninu

(Advantage-Disadvantage &INVEStMENL) ......coeeeivrirerieriiriiriiereereeresiinneseeneenes
4.13 08 F01HY YOI UPS JUUUD Eroooooeeoeooe e et
4.14 308 F01H0 YD UPS FUUUL A.oooooooooeeeeeeeoeeeeeeee e
415 e WsEUU TR e
4.16 Maintenance , Reliability & Availability..........cccoeeveiieiiieiieieecieeeeeeeeee
4.17 System Expansion, Cost & INVestment...........cocveeveerierieiiiieieeieeieeie e

5.1 agUUUINNMTAONTUILY UPS..ooooooooeoeeeeeeeeeeeeee e

18
18
19
23

25
36
37
37
38
38
38
39
41
42
43
44

46
48
49
50
52
55

71



Qan

=)

2.1
2.2
23
24
2.5
2.6
2.7
2.8
2.9
2.10

2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18

2.19
2.20

2.21
2.22

il

asiiny

Qo

gAY TIAU TR o

JUnAVYEMTIAU TN o

sunauuoseaulla

@

Qan

JUAAUVDWTIAUNAADDATAAATIVDIL ..o

a
sUAAuve W IF L ATV
sad

a

sUARYE T IAUINTENTU...cl

A
a
UAAUAI0619UDUDMTIAU T TEB N e
A
A
A
A
A

UVDIUTIOU DU T VURIL .o

[ d'd 4 [
g1Jﬂawuﬂmsmummﬂﬂizﬂamauﬁmu"lwmq .......................................

A 1o Aa J a
gﬂﬂauﬂﬁmﬁmaummmﬂmaﬁmuﬂ

z1)uve9r995589nTenany 3 wla...........

A o Aa a « o
gﬂﬂamamsaﬂummimﬂuam ..................................................................

d’ U U d' o o
sUnauvesdR NI UNIUvo s uRaeiaslugn 1z Ian............

A o A
gﬂﬂaumamimuﬂizmau ..............................................................................

A v da 4 4
sinauvessAuNIMI/asuANND.........

Dynamic UPS.......ooiiiiiieieeceeee ettt

Static UPS HAZUUNADT cvvrveeeoeeoeeo i

uaasdoyansnams g e INTZ UUIRAMINYARI ..o

uaedadIUYIRUNUM TG To

YDIFINVANY NIUADTITU. oot

neraadoya lumMINITUUABNTZVY UPS HUDANT errseeoeeessorroee

RBD 1f3uenszninaunggiu

AudnONNUADS Tier IV AU Tier IIl.............

Optimum availability and investment trade offs..........ccccoevieiieniienienicieee.

Data Center Concerns — Availability v.s. Cost

4.1 §oeNTONNTUIANMNIIZEY OWNTAVINGUUUD B-Dioooooeee

10

10
11

12
12
13
14
16

17

21

24
27
27

58



2

CRETGTERINGE))

sunaenszun Irlihdrses (g¥ioa)

AR R TR G 1A EL LR § D 59
e line diagram (AI0819N 1).ceeveveeeereeeeeeeeeseeeeeeseesee 60

ne diagram (AI0H19N 2)...coumveeeereeseeeeeeseeeeeeseerenns 61

4.5 §29819MINNTUE v Ilihdrses (giitee)

ad o I
VONTUINNTUYDLE Y TUL (BIDYIN 2) o



v 9 a 4 ) 1 A ~ ) [ 4 a o
WAV AITUNUT szuulivhdisesdeniios (giea) dmsugudnouiinaes
zﬂl Y A an o
O "AN 51595551
P v A a a
019156M15n11 A3.5980 AN
RGRRE A MsIamsnalulag lue1a1s
= =1
1Ay 2552

UNAALD

9
=

a A v 14 4' = = =
msinut il iaglszasamednyuazilSouifiouanumngauveszun i
o ] 4' = 1 o d‘ 4 ] a
d130ea0ioq (gitod) JUuuuae q $1uau 5 gduuy Aesansvuialvgludlszme Inetion
A ) o A A0 A 4 ' = ¢ !
@onldau dail LuU A 19509A8Y 1D B naneiiesaevuu Ineliglnssiunemaegniely
1 ' < ' 4 1
1Y C HAen5 03aaHIM IneliglnsaltnewIdogAeuen 1 3 1UU D Wa1uIA50IADYUIY
d 1 g 1o ° 4
Taeiliginsalunemaadnouen 2 A uaznuy E uiailu2 nguitenszua lihuazdisesds
Azt msanyuaznlowien lanansanilededdn 3 aw ldun dunanmszuylii
aumsgoisnnuduFenauaza N oulFuvess LUl HazA AN TOUOTNA
A o =% A ) 1 A ~ 14
YOI5T VLA MIAIIL tNeRadugns lumsiaenszu ihdsesdeiios @) TNz ay

) o 4 a 4
FMITUDIMIFUINDUNUNDT

v
) =

2 [~ ) 9 a < 4 [
N MsAneudumsdisivvenariuuazns 1anNaIAw |

9

ganuszuy il

Y Aa

o A v o Yo < oA Y a
GEFRNZBIY RN Iﬂﬁl@ﬁﬂ‘ﬂ!t‘ﬂ‘ﬂﬁWi’JﬂVLﬂﬂ1lluﬂ@®ﬂlﬂu 2 nay fAv @Wﬁﬁllﬁgiﬁ‘ﬂiﬂTi uae
9Jq ¥ a
AlyuTms
= 1 ' A % ' AA A v
WﬁﬂTﬁﬁﬂ‘H1W‘1J'JWWH'JEN1M‘V]L1JH@\‘1?Iﬂ‘iﬂluWﬂﬁlﬁiyllﬁgﬂJ‘]f@Lﬁﬂﬂ LUAZABNNTT
o a 4 a [V % 1 a o [ 05/)
mmmmg{uﬂﬂ@ummagwaﬂ Gdﬁq%zﬁ34“ammmqmugﬁﬂqqmw1ﬂmﬂmswqﬂmﬂm PNUU
A A ° ) < A VA A ~ ¥ v 9 A
§$1J‘1J°I/Iﬂ?i!ﬁﬂﬂunlﬂsb'ﬂ'ﬁlﬂuigﬂﬂﬂMﬂ??ﬂﬂ?!ﬂf@ﬂﬂ@:ﬂ 11mmws@mﬁl%qwu"lmmwmmm
Availability §4310 18 Downtime §11
) o 4 A A o A 4 a J o A A a
ﬁ'l‘l/iﬁ‘]JENﬂﬂﬁ‘WW%'lﬁﬂﬂﬂ"lluuﬂ'lufjfuﬂﬂﬂiJW’Jm@iﬁﬁ’t’N meizummwmamﬂﬂ
o o [ Y 9 =\ = ] a o A A
VHﬂWS‘UTSq\ﬁﬂ’]el'lulﬂ‘UNLLZWNﬂ’Nqut‘g!ﬁfJuliJq@ﬂWﬂﬂTﬂLﬂﬂﬂTiﬁEJﬂﬂ'N'lu AIILADNITUUNY
Availability ﬁq\‘I‘W’E’)ﬂiglﬂﬂ! 1182 Downtime  SNOANAIT micﬁﬂuﬂﬁngﬁmmasmmmz
[ a 4 4 a o
‘]JaﬂﬂﬂEJG]@?STJTJﬂ@?JWULG]@ﬁ%@QﬂUEJ”] E‘ﬁlﬂiﬂﬂl&l"lﬂWﬂﬂﬂlﬂ\ﬁS‘]J‘]qu}}Glu@H”lﬂﬁ Iﬂﬂﬂﬁﬁ\i‘lﬂuq\i
Tuszavnmine auy

[

o o o [ A =~ 4 a o 1 A 9
AN : izUUVlV‘IﬁWETWi@Qﬁ@Lu@Q (QWL@?{), AUIABUWIUADT, NITADVUIUIATON, AUNITDY

9

I 095z uY



Thematic Paper Title Decision the UPS System for Data Center
Author Nisit Thamrongtham
Thematic Paper Advisor Dr. Rangsit Sarachitti
Department Building Technology Management
Academic Year 2009

ABSTRACT

This Paper Title is /studied and compared a suitable application from 5 types of
Uninterruptible power supply (UPS) type which many organizations in Thailand are familiar and
operation on it. They are classification into'5 types; A single UPS (N); B active redundancy with
modular UPS units: N+1 (internal static bypass); C active redundancy with centralized static-
switch cubicle: N+1 (single external static bypass); D active redundancy with double static-switch
cubicle: N+1 (multiple external static bypass); E redundancy distribution with static transfer
switch (2N). This Paper Title is consideration and comparison on 3 ecriteria factors for
effectiveness proper selected UPS such as; first, power quality (PQ); second, scalability; third,
investment.

The Paper Title methodology is conducted by questionnaire according to availability
of UPS and the opinions of other importance factors e.g., manufacturer, after sales services, and
end users.

The Paper Title results finding that the large, well know, and during planning for
constructing as Data Center organizations are considered on the consequence impacted of power
interruption and effect of business downtime losses as the first priority. UPS which is suitable for
this organization shall be high availability and closed to zero downtime.

On the other hand, constructing as Disaster Recover Center organizations have
tolerance on business interruption between medium to low should apply UPS that have enough

availability and optimum investment.

Keywords : Uninterruptible Power Supply (UPS), Data Center, Parallel Redundant, System

Availability
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3107 2.16 Static UPS iazuaimes

2.4 Reliahility and Availability
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Temaiazide'ld venaind Reliability gaifuile sufidusiusau MTBF (Mean Time Between
Failure) #1erves MTBF s Tnsudladgunsalifud Reliability quinfu
MTBF (Mean Time Between Failure) wanefsengnisldarmmasvosginsal &
MIMUIUNINN
MTBF = UT/F
A =1/ MTBF
Tae U = $1angunsalfiiunldnaey
T = nalumsnageu ($3714)
F = $wnueunsalfideluszninanadeoun
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Why Security?

Tangible loss
Direct financial loss
Productivity loss
Investigation and recovery costs
Legal responsibility towards companies and their
management

Intangible loss

Corporate image and reputation eg. Microsoft, Ebay,
Amazon

(Case study)
Real case happening on one CAl serverl!ll
Hutch data-traffic collector
Server down for 5 days

Loss

Direct financial loss
1 MB costs 1 Baht
On average, 30,000 MB of data transfer per one day
Total cost of the event = 150,000 Baht

Productivity loss
Two of aur engineers spent days to recover

Real case !l
Router attacks developed within days

Result in 100% CPU usages and dropped
packets

Loss
Direct financial loss
Ehorten CPU lifetime

Recovery costs
One engineer stayed overnight waiting for [0S upgrade

© Not yet happen but quite possibly because
of its high-profile

Loss
Direct financial loss

Service Level Agreement (SLA) 99.9% means no more
than 43.2 minutes of dowintime per month

If downtime is higher than 99.8%, 1DC has to refund the
customer

Recovery cost subjects to vendor human costs
Corporate image and reputation

Even though loss cannot be finandially estimeted,
damage is immeasurable as previously shown

31 217 wermsdioyamuiAamsgapdeminszuuRanangaiinu (Downtime loss cost)

u U

fin . ouduann Security Awareness Training (CAT Telecom) saiust daedFand (2547)

Uninterruptible Power Supplies (European Guide) CEMEP (2007 : 11) '18¥13dena1iis

a

Ndunagtamgniaurasiie i szinadununisgardes (Downtime loss cost) veagsna

Q
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(AG. 1) ORIGIN AND COST OF SYSTEM FAILURES DUE TO THE ELECTRICAL SUPPLY

45% 15%
supply human error
problems

20% EXAMPLE OF HOURLY OF FAILURES

. - mobile telephones - 40 kEuros
eqmpment - airline reservation sustems - 90 kEuros
failure - credit-card transaction - 2.5 MEuros

- automotive assembly line - 6 MEuros
- stock-market transactions - 6.5 MEuros

20%

MNuisance tripping
[circuit breaker, etc.)

31/ 218 uensdadauvesdunumsgade (Downtime loss cost) vesgsfneie ifoudedaTus

fivn - Uninterruptible Power Supplies (European Guide) (CEMEP) European Committeg of
Manufacturers of Electrical Machines and Power Electronics (2007 ; 11)

anniu Uptime Institute’s Tier Classifications Define Site Infrastructure Performance
(2006) 1&uais Class pmnmgudnoniinmesain guuvauaisisyllan eonilu 4 szau
Tier Classifications #e

Tier | : ssasmsnremidalifhuaznsmanudu iesyaior uazlifindos
drsessevuiuluszuy ; Single path for power and cooling distribution, no redundant components,
99.671% availability.

Tier 11 2svsmstresirda llfhuazmsianudu ifssgaiier Tasfindesdises
aovuuluszuw ; Single path for power and cooling distribution, redundant components, 99.741%
availability.,

Tier 1l frsasmasrosmids fhuasmsianudu desga Tasfiogvilsya(ien
i) ansadiseaide i 1dsuszun 18 uasfinsosdsosdevunuluss vy aunsadeu
thyaldedredeiioa : Multiple power and cooling distribution paths, but only one path active,
redunciant components, concurrently maintainable, 99.982% availability.

Tier IV: finsesmsseiids luihuaznmsianudu assa Taonnya(ueniiv)

aunsodriseshas lwvhldiuszuu 18 vaziimIesdrsesrovuuluszun awnsagontirg
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18 TaelsiTdoranara : Multiple active power and cooling distribution paths, redundant components,
fault tolerant, 99.995% availability.

mai 21 naasdoyanmdnuas ves Tier Classifications I-IV

Performance Standards by Tier Level

Tier Requirement Tier 1 Tier 1l Tier 111 Tier IV

Source System System System System + System

System Component N N+ MN+-1 Minimum of N+1

Redundancy

Distribution Paths 1 1 1 normal and 2 simultaneously active
1 alternate

Compartmentalization No MNo MNo Yes

Concurrently Maintainable No No Yes Yes

Fault Tolerance No MNo No Yes

(single event)

fiwn - (White Paper) The Uptime Institute’s Tier Classifications Define Site Infrastructure
Performance (2006 : 5)

M3 22 uaasdoyanmdntuzvoinsneases UPS suimudie Tasd1edaaniiu
(Uptime Institute’s) Tier Classifications |-V uaz@dununsasmuee Rackvesqud

AONNUADS

Table — Scale of availability and cost for UPS configurations

Configurations

Scale of Availability Tier Class’

Data Center Scale
of Cost (US$)

Capacity (N) 1 = Lowest Tier | $13,500 - $18.,000 / rack
Sl Mo 2 Tier Il $18,000 - $24,000 rack
Parallel Redundant (N+1) 3

Distributed Redundant 4 Tier 11l $24.000 - $30,000 / rack
System plus System (2N, 2N+1) 5 = Highest Tier IV $ 36,000 - $42 000 / rack

fisn : vonens (White Paper # 75) American Power Conversion (APC) Comparing UPS System
Design Configurations (2005 : 4)
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Typical Tier Attributes

19

Tier 1 Tier Il Tier Il Tier IV
Building Type Tenant Tenant Stand-alone Stand-alone
Staffing MNone 1 Shift 1+Shifts “24 by Foraver”
Useable for Critical 100% N 100% N 90% N 90% N
Load
Initial Builld-out Gross 20-30 40-50 40-60 50-80
Waitts per Square Foot
(Wite) (typical)
Ultimate Gross W/ft® 20-30 40-50 100-150722 150+'2
(typical)
Class A Uninterruptible No MNo Maybe Yes
Cooling
Support Space to 20% 30% 80-90+%* 100+%
Raised Floor Ratio
Raised Floor Height 127 18" 30-36" 30-3672
(typical)
Floor Loading Ibs/ft? 85 100 150 150+
(typical)
Utility Voltage (typical) 208, 480 208, 480 12-15 kv? 12-15 kv

Single Points-of-

Many + human

Many + human

Some + human

Mone + fire and EPO

Failure error error errar
Annual Site Caused IT 28.8 hours 22.0 hours 1.6 hours 0.8 hours
Downtime (actual field
data)
Representative Site 99.67% 99.75% 99.98% 99.99%
Availability
Typical Months to 3 3-6 15-20 15-20
Implement
Year first deployed 1965 1970 1985 1995
Construction Cost (+
30%:'1,2 345
Raised Floor $220/1t2 $220/1t2 $220/ft2 §220/ft2
Useable UPS Output $10,000/kW $11,000/kW $20,000/kW $22,000/kW

1100 W2 maximum for air-cealing over large areas, water or alternate cooling methods greater than 100 W/t (added cost excluded).
2 Greater W/ densities require greater support space (100% at 100 W/ and up te 2 or more times at greater densities), higher raised
floor, and, if required over large areas, medium voltage service enfrance.
3 Excludes land: unique architectural requirements, permits and other fees; interest; and abnormal civil costs. These can be several

million dollars. Assumes minimum of 15,000 i of raized floor, architecturally plain, one-story building, with power backbone sized to
achieve ultimate capacity with installation of additional components or systems. Make adjustments for NYC, Chicago, and other high

cost areas.

4 Costs are based on 2005 data. Future year costs should be adjusted using ENR indexes.
5 See Institute White Paper entitled Dollars per KW plus Dollars per Square Foot Iz a Befter Data Center Cost Mode! than Dollars per

Square Foot Alone for additional information on this cost model.

fiwn . (White Paper) The Uptime Institute’s Tier Classifications Define Site Infrastructure
Performance (2006 : 9)
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White Paper # 75 American Power Conversion (APC) Comparing UPS System Design
Configurations “Choosing the Right Configuration” (2005 : 18-19) fidewiarsanlumsidenszu
Yulfhdrses UPS &ail

L lumsiiarsadenszuy Irlihdrses (giea) 1dinsandunuuesmsiden
amuiuimuﬁguq Moty Aunuanugardes mninaszuovgatiau (Downtime loss cost)
osnns lafidunuangideqe aasidenssuufiaiivseansamea (Cost/ Impact of downtime)

2. udazesAnsingduuumssuiunsmegsie tuanmefudentinnuiealy
UMM GUAIL n1swaa tazlunsduiuginauana1anu AUABINITAIUNIS
ySmsanudsaanaiu (Risk Tolerance)

3. esrnslaficinsatlaimahgsnmszonld wie Jamimsszuulugiauen
nanhng 18 demdenszuyihdrses (gfiea) Auandnan esdnsiidesTaminisnaen
24 %119 wazdeudenszunitcinsaditensthyes nenlg vasiduTaszuuldusnmsoed
I&Thwilnd (Availability Requirements)

4, n5esnounaineseado i iuaiio Tayiudesms szunIvldhiia 2 undesne

A

1 k4
ieiflumsdisessideihsedunaziu dninlunisiasudenssunlvihdrses
~ o ] 4 A s Y A A d A a s Y 1 g a
(gfiroa)dmSuguinounanes Aesiorsan Tnaaiilunsosnouiamesaroiniuwiia
aoans Single Source w35 Dual Source rieumnz auuuvasselilihdrsea (Types of loads)

D. lumsidenszuvluidrses (giea) dunuarldsiaiuiideniisides
A ¥ A = A < A v
#N91301478 Aenshazidenszuuitinisvuruaiesuuusssuar (Nt1) uaz 1daw
unredevesszuy (Availability) seduniiumunzanivessing Fearldaieasmuas lugaun
uavIneedns laiiarsaudadndesnisanusniede (Availability ) qaunq iiesein s
dosmslhina Downtime qs fazdesinsadonamuszuy lwihdses (giea) Bnguluuy

1 [ v 9

wila 2(N+1) Fandessoniulumldseiigaiualudqe (Budget)
White Paper # 75 American Power Conversion (APC) enunsaagimisiiarsanaen

sz UPS aqiledraminzauTnel# Flow Chart éii
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Figure — Design configuration selection decision tree

o

319 219 naasdoyalumsinsandenszun UPS nuusie

fixn : vonens (White Paper # 75) American Power Conversion (APC) Comparing UPS System
Design Configurations ( 2005 : 20)



22

An Optimal Data Center Availability and Investment Trade-Offs wua3 3yadsaal (2550)

unanulunsinntessaulsyaien ¥ee MAIMNREOATNFYUTHITFIND
a 4 o A JY a o 9 Y ' ° Y a g9

syt afuilldondairdenaznanmsaeiunldswlumsiinszideya
pfurwasUmadenszuu Iihdses (giitea) lugeaimuizauaiudoulvvesudazqud
aouiunes lTasdeyananiiumsSeuiougluuuvesguineuiaaes luszau Tier [l

. = 1 U Y

nlFeuigun TIEr 1V Tastigiuuunasvanmsiinnsanaiee dail

msgaydenegsna (Downtime loss cost) Liisanmizdununsdszuunazdoya

J q’;‘ 1o = a A = o 4 < v o =
WinAsIs DI Ng Y deFerdoaaz nmdnbeieenns AnlsunazmsideTontanig
a 9 ] d’ A -4 a 4 d? LY
ginv lasanundeunazanudusetevesszvy i vesgudnouiinmes Juegn
psAlsznougnsaimalfhwaziniesnanaegndavilszneuiu maiulsz@niaimany
unreie Iiduguineuiinnosaronisdevuiuases (Redundancy) iunisiiinnaiw
A A A A 3 a = A I~ " Y 1 Y] 2K g A
UUFBNOVDITLUVIINIAT 0 UAGI7) N3 WA ndosas i udosmdrosuiu Juiud
= [ v 9 1 [ 9y R ~ 9 A A

anmenuszrIedaany uaz dedamsau lefinegaimanzausiuanuinsenovesz Ul
Ay o < a Ay o A Y o A o A A A 1
NAoamsiudaluasuidesduiumg Taeldvdnmsiiimsduiumsmegsnonuanaig
AUGONNITINNUTSWBZAINADINITANNHUTODOUBITZVUNUANA AU

nnunanw lalddeyannundouiazaauuiniedoe Reliability Block Diagram
(RBD) a1n IEEE 493 Gold book (Roczen 2004) snvinisinsigrinlSoniieusznitagud
aouianes wasgu TEr 1 du Tier IV smsiiuanumdousazainniniedevessundae

9 v ' . e 5
mstSulgsaadunudnginsainazinalulad aansain Availability 18dsnunionlu
ms Ianvesszuy ldedaeriies Availability fedhmnelunisidsulse dArenisesntuu
TTmsvuunsea Redundancy (N+1) luanasgn Tier Hl wag 2(N+1) Tusnasgu Tier IV
. b4 Vo v

anwgadeniagsne ( Downtime loss cost) Fuegruaawduazszeznaivesnis
ifia Downtime fredremsinanisvganiau Downtime 1 42739 aanauetagapdods 6.45 M$
msgaydenissiiganssy Onling Transaction 2.6 M$ (wua3 Jyadsend, 2550 1)



4 a

23

asaai 24 ¢ Availability MTTR MTBF veasemsgunsalene ifasluguénoufinnes

Equipment reliability data from IEEE 493 Gold
Book Standard Network (Roczen et. al.. 2004)

PREP Inherent MTTR Failure Rate | Caleulated
Ref. if Item Drescription Item # | Availability | (Hours) | Failure/Year | Availability MTBF
Single Circuit Unility Supply, 178 failures unit .
/ r. {0 D495 1 1.9%6 A%1 60
D[ yvears, A= 0999705, Giold Book ;107 b R ‘ 448150
) fﬂ]l[‘.\.‘lﬂ..'_ 15KV, per mile 32 () D002 | 82 004717 |84 818 46
20 Cable Arial, < 15KV - 308 feet 32 182 0,00268 09999984 | 3270895 52
3 I_J‘i-_:m'.l-n-_.-:nvliclwl'f.‘..w:_ Packaged, Stand-by, o8 006974231 | 1828 01235 0479 Th
1500k W '
4 Manual Disconnect Swirch 141 {1.0909008 | 000174 5037931 0%
5 | Fuse, 13KV 17 4 | 0993363 | 4 0.10154 86,330 51
[ Cable Below Ground in conduit, 2 600%, per 1000t | 4o 0 0eoagT4s | 1122 000201 4361 19403
a0 | Ceble Below Ground in conduit, = 600V - 300 feet S ek 10,000603 01,9999943 14 537.313 43
7 Transformer, L:Il|l.lid, Non Forced Adr, 3000KVA N 0 0goaea3T | 4 0001t T 897 29730
8 {'lk: Breaker, 600V, Drawout, Normally Open, = 600° 0090406874 | 2 000553 [585.17179
Al
%0 l[I'll-.'.. Breaker, 600, Drawout, Normally Open, > 600 5 ) 0003765 09999904 1170343 58
Amp
"It Breaker, 60 " Iy Close
g | Cht lli.mlau. 600V, Dravout, Normally Closed, 59 a.o9sssemo | 00185 173837838
600 Amp
90 l['I-.'... Breaker, 600V, Drawout, Normally Closed, 59 0% 0. 0n000s Y900950 0 476 756 76
o000 Amp
o | Switchgear, Bare Bus, 600V 18] oosegaa) | 720 0.00049 923.709.17
ke, Breaker, 600Y Drawout, Normally Closed,
U H\_ H'-L‘“'ILLI 00 Dirawout, Normally Closed 67 000090085 | 6 0.00021 117142 85714
000 Amp
"kt Breaker, 500V Drawout, Nermally Closed,
110 Cht, Breaker, 600V Drawout, Normally Closed A7 i 0000105 (1 0000000 B3.485,714.20
600 Amnp
“kt. Breaker, 600%, Norm, losed, = 000 Amp . . Py
12 (.k.. Breaker, 600%, Normally Closad, > 600 Amp, 6 o.000es04d | 06 0,009 91312800
CGiold Book p. 40
0 Ckt, Hfl,'gllkL'I_ 600V Normally Closed, > 500 51 A 0.004% (19999947 1,826,250 00
AmpLiold Book p. 40
TR k.‘.. Breaker, 3 Phase Fxed, Normally Closed, = 61 009009656 | 53 00052 168576023
GO0 Amp
. Che, Breaker, 3 Phase Fived, Nomally Closed, . e , oy
3 - g 1002 J0043 1,371 538.46
130 600 Amp, Gold Book p, 40 bl a8 ,0026 () 9090043 JATLA3E A
14 {'-ltzlqﬂrmm 3 Phase Fixed, Normally Open, > 600 f ., 099998532 | 37.8 100343 2,555,685 13
140 '[-I'lll-:':."ll.‘mktl. 1 Phase Fixed, Normally Open, > 600 6 14 0001715 09999527 § 111.370.%
15 ':-ri.'-I e, Above Ground, No ( onduit, _h“-"\- : per 20 (0, 00 15 00012 .'-;.'J-i“. 10000
“able, Above Ground, No Cond OOV, per
50 {-m] R 20 25 10,0009 .99999997 | 91312,500.00
16 l[.r.:m.r.-_ Abos e_{.-:_;a.:ul. Irays, = 60OV, per 1000 ft,, 000000831 | 103 000141 6317021 38
Ciold Book p. 103
“able, Above Ground, Trays, < 600V per 1000 fi y -
Kok, Above Groumd, Ty, < 60V, per 1080 1, 10,5 1,00282 09999966 | 3,108,51064
Gold Book p.105
h) Switchgear, Insulated Bus, = 600V 009990953 | 1.4 0.0017 09090995 S 15647050
2% Hus Duct, Gold Book p. 206, per Cireuir foot 009081595 | 129 0000125 DOk 6 008018

fiwn - An Optimal Data Center Availability and Investment Trade-Offs auei3 S1yadseni (2550 2)




RDB of DC Tier IV system

Tier IV System Availability = 99.9950 %

511 220 RBD nlssuifienszninanasgrugu

24

RBD of DC Tier 111 system

Tier [11 System Availability = 99.9820 %

Gaouiaaes Tier IV fu Tier [l

fivn - An Optimal Data Center Availability and Investment Trade-Offs a3 Syadasf (2550 5)

rones Introduction to Maintenance & Reliability as aunw aduuna (2549) armwdow

1uﬂ15"lmmuawﬂ:mJmwaaammaﬂﬂmimﬂuuummmwsmm ma‘wmimwmu

-4
Qﬂﬂiﬂm@ﬂﬂmmll@iéﬂill (Serles) ummwmmmzmmmmaaammqﬂﬂﬁf,u

Tagsiuanad

—| i l(AL)

ginsal 2(A ,)

gilnsal N(A n)

System Availability = A, * A, ...

A,



25

gunsaifaedunuuvuu (Parllel) Hanundeuuazaiuingedovesginsel

4 4
Tags Iy

gilnsal 1(A 1)

ginsal 2A)

gilnsain(A,)

System Availability =1 (1- A)(1-A) ... (L-A)]

Younndeguanvazmsamu uazAvailability vesgudneuiiuaes Tier 1l -Tier IV
Ansfinisaniiuiigudaoniinaes 25,000 a1s1amla (2,322 ars1amas) yadinisaanu
uandeiune b S egaisy wie 1715 aruum (1$=35um) wse

L yammsasnuTier Il = IV uandraru 75 dauum fnsfiersanitui qué
aeudimes 1,000 ansramns

2. Downtime unnedradv /3 1.6-04=1242Tus

3. Availability uaneaiu 99.9950% - 99.9820% = 0.0130% &amsaii 2.5

M50 25 deuananguansuznmsasmu uwaz Availability vesguédneniinaes

Tier III and IV comparison (Turner and Brill, 2007)

Details Tier IV
Number of delivery paths +1) or S+§
Support space to raised floor ratio 100%
Initial watts/sq.ft* 50-80
Ultimate watts/sq.ft* 150+
Construction USS/sq.ft* $1.100+
Total cost construction $US* 27,500,000
Annual DC downtime
Site availability
*Simulated DC differs @25,000 sq.f1 5,000,000
Downtime gab Tier III&IV 1.2 hrs

fisn - An Optimal Data Center Availability and Investment Trade-Offs a3 Syadsmsi (2550 3)
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= a I v [ Y v A
ANNFYLTINNETIND LﬂuNaNT%Tﬂﬂ%%ﬂ@Tﬂﬂﬂizﬂf’]‘]_lﬂullﬂllﬂ mim’eﬂamu‘lu

1 [ 4 a 4 H d! = [ 9 ] d’ A
HARZIEAVVDIFUIADNNIUNDT T|er |'|V FAUTSAUAIMUNIDULASAITUUUYDDOUDITS U

Availability fidesmauansiaiu Tasldmanvesanudunu (Retum of Investment) lunns

NITUAIL

ROI =

Benifits(Downtimes Costs) — Investment Costs

Investment Costs

msfinsandunudieg Downtime Cost , Investment Cost aieres Reputation (R)

awanwalesnns GOodwill (G) iWluesdilsneudangiimduandudunuaiugade

1 v 9
aeFuilu law aunisi (1) dsil

R

AC

A Avi

R+G+(.tL)>Caumsii (1A

yamanugaped uaeidos (Busingss losses in term of reputation
and business accountability (Subjective)
yamnnugadoaunndnusiosdns ( Lost reliable relation with
partners and suppliers (Goodwill-Subjective)

A lumsiiaime Downtime (Frequency:of interruption occurrence

per year)

szaznalumaina Downtime (Duration of interruption at least an hour per
occurrence; integer number)

yarmanugademasdodn Tusluudazalszinngane Cost of business
lost per hour of occurrence (Estimated average costs of an hour of down
time)

yammsaaqudinandadu Cost trade off between Tier |11 and Tier IV
(11519 =5 M$ w50 1nde 75 &unm ﬁmiﬁmimwﬁ?uﬁquﬁ
aounmes 1,000 msrawas)

' ' ] A A Ao 1 YR
ﬁ:]u@]1\1ﬂ313JW§@llLlagﬂ’c]”IjJu”IL‘]f@ﬂf’)sU@\‘]ﬁg'UUVWﬂ"lﬂﬂsUu

(Increasing site availability from Tier 1l to Tier V)



21

Tier Cost
A
Cost e
T+ 4 ) &"JB
i, ! . Cost
mﬁ] i A Cost ),}4:[ Hope= L\'
Cost v o N Awi.
T P <
) Enougts
/N [ " Availability
o 'J_‘li——Availability,%

99.952 99.965

Optimum availability and investment trade ofts

51/ 2.21 Optimum availability and investment trade offs

fivn - An Optimal Data Center Availability and Investment Trade-Offs a3 Syadsmsi (2550 3)

. ' . o . e
fumsiingan ACOSHAAVI fedasdumsamuiiiindiu mungaudy Availability
' vy . e 2
adldamuIunseld foasdiuduninuaasinasnugeanua 1d Availability iwiies
g v 2 Ty A Y a v v
antieednns liduanisidenasu Tasdesnvsananuguyu (RO dszneudqe

‘Unavailability Cost‘

4
7

/
/
Optimal Availability ,’/
_ /
.
[}

Tierl

/

o

Availability Levels —

Optimal Availability Inverse 3

< Under Availability- Range Availability

Data Center Design Concerns-Availability v.s Cost

31/ 2.22 Data Center Design Concerns-Availability v.s Cost

fiwn  An Optimal Data Center Availability and Investment Trade-Offs a3 Syadsent (2550 : 4)
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Humsfianrsan Availability fiqudnoufiunesudazguiadoinisaie wendu
myasulundazsianasgiu Tier | - 1V Sensdmuanasgiu Tier ianawasgin
Availability 7 UPS sivl&uassimswdoansi Unavailability (o Y) Sailudaumniuy
Availability (uuunu X) ievigadafimmzanieqad Availability wingauazfinnsan
Usznousaudv Investment Cost waz ROl duninzandienseli drudnoiiovssyada fo
Torudi Availability ‘simanga (Under Availability) wazédmunilevesqada fio Tauid
Availability ivss1zerss (Optimal Availability) aaisfa Inverse Availability Aeqadinisilsulys
szuudaenisdevuaioudilndu Ly Availability vesszuy udnduaadn
Availability as 1ifosarnnisdevinnieanniu ildiAagaiiniesdeniinisdeasiu
$uannn (Falas Tud) shlkamsu Availability anas

msnsangluuuduyunsasmuiazyugadoaa (Data Center Cost Model)
11numaa1w An Optimal Data Center Availability and Investment Trade-Offs wua3 Jyadsaal
(2550) ey I&staii

L msamuvesgudneuiames Usznoulilde Lorsneadweinisuazies
ABUNUADT A1 2.ﬂ1‘§ﬂ'6ﬁ%)NLm$aﬂﬁ%ﬁiz‘]J‘]Jfﬁ‘ﬁWi%ﬂiﬂﬂlﬁﬂiﬂﬂguﬁ1ﬁ§uﬁﬂﬂ
Ao mes 3. A ldreduiums mldaethgesne uazalseasisaling

2. A Cost 33aﬂ'”umsamuﬁum&inﬁuﬁuagﬁu AudnyuzIazjUuuUveIgnIal
filszneuiuiussuumssaInadmsulduins Jlunumsdensveynsutazvuy
(Parallel w3 Redundancy) fifluziuuumialumsfinzan

= 1

v b4 v
3. yamanugade aod Tue Yuegiuilszmnuazmsdniiunisnieginei

g

ldd‘ v

v [ 4 I a H v 1
uanaNfueIAnsvuIalugiyedewaznmanyaing wiinha Downtime geniiyasinay

o

qegUNnNNIeIANTULIAEAN
a 4 Vo J ' Y 1

4, yalumsiasananumnzaudvegiusenilsznonaied ldun Uszinnuas

9 a 9 Ay oA 3 @ 1 I Y oA oA A

ANUABINMTVBIFIND AuNUMTaIURdesduiums Wudadauiienty anwinyeden
4 a J 3 H
aoamsvesguinounuaes it CostA  Avi

sl msmadunuanugads (Downtime loss cost) fisganin dua

\ \ ! 9 . '

funisasnu (Investment cost) i ligewnuag Idaninsedemugaiu AAVE Tuszaun

9
o -4 a J U o
MNSTUNUFUINDUNIUNDT ﬁmﬂmqmiuuqmmmﬂumiamu
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sl msmadunuanugade (Downtime 10ss cost) a1 lugaunua
msaanu (Investment cost) néugannnt Taei ldamnindederiugatudAVi idnifesuas
liguarrudiaiiumsainu ﬁ@’jﬂmqmﬂfuq"lajmmzﬁﬂumiamu

Audneniiamesa e diuiniznialssaumsalineddumsinagiame
(Downtime) AsaliRadunuawgayde (Downtime loss cost) Fuilumsendiasiins
Usznamsdunuanugdedfioudeda Tus msaenealszaunsaiaznsisouddneds
Sudsesuilu IEEE 493 Gold book (Roczen 2004) feya Reliability Block Diagram (RBD)
Simulation ewrsarirl1giiudredresrasslumsnaaeunlsouieon (Benchmark) s
mwmdeuazanuinyede (AVailability) Az ey iWousudunudieg femsasnulu
Tasans (Investment Cost) iiesuindunuyaninamgayde (Downtime 10S COSt) naziarsan
anwdunu (Return of Investment) 1sneudaeifianumuzauiioala

FeenunsnihdeyanSouiouildi lufnsannmsidenvesszuy ifhdises

[ A =\ T 4 a SNY 1 1
Aotiinq (giea) luudazemaguineuimes Tdedrumnzause'ly
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= A
SIUHUIBANEN

= A A o ' A ~ o o P
n1sAn1 15049 nastaenszun ldiid1sesdeiiies (giitea) d1usugud
a ¢ 4 o M - 4 A
Ao mes Wumsanylszgnd Taslduuudisieaeuniy (Questionnaire) ivednb s
= = Y o o < 1 a A )
nouq malulag tazms Iianudaglssauaieg Tagnnsanguauiavesszuuluaiy
aun muesszuy i n1saanudessgrdegoniige auaIwaNUNsenouay
ERITNINANUTUAINDITZUD ANundautaz Tonalunis14au nsverennavedssuL

9
pazaudszmmaldarenisasuluszuuiu q annguithvuie Ae uSEndndaua

U

ee

Tiusms (Vendor) szuvTdihdrsesaeriios (giited) maluilszmauazuisnglausn
=
A

()

k4 ]
(User) Tumisidendadeszunllihdisesaeriios (gioda)lugiuuuaieg nsdnpidald

o =\ ad R (% dy
NHUATSIUYUITANE AU

Y A

31 dudanazliusmaniesdrsesivih (giiea)

9 Aa

ustmgnaauaz s (Vendor) indeanasszunlifhdrsesdeniea (yiieq)
moludszmelne Tdun
1. Site Preparation Management Co., Ltd.
Avasmieuas 1¥usns UPS dvie
- AEG
2. Unitrio Engineering ., Ltd.
fasmhenaz1fusms UPS 5o
- Powerware
3. Schneider Group Electric ., Ltd.
Avasmireuas 1¥usn1s UPS dvie

- MGE

Y
i
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4. Socomec UPS Thailand Ltd.
Asasmieuas 1¥usns UPS dvie
- Scomec

1. Victron UPS [Thailand] Co., Ltd.
A¥asmiheuas 1¥usn1s UPS diie
- Victron GE

6. Emerson Network Power [Thailand] Co., Ltd.
Asasmieuas 1Husn1s UPS diie
- Liebert

1. Chloride Power Protection Ltd.
Avasmthenas 1¥usn1s UPS e
- Chloride

8. Watford Control [Thailand] Co., Ltd.
Avasmieiag1¥usn1s UPS dvie

- Powerware

3.2 wihsnuildusmsszuuldihdises (giea)
9 ]
vsEnglduims (User) lumsidenaadsszuy llihdrsesderiios (giited) nazd

v W

Fonosanlianudaygaauia Tugduooaegvesszuy UPS System Idun v5umdredi

&y

Y 0 a yq ¥ a o ]
ATUUBDUUSUIVDIUT Tllﬂ‘lﬁll'iﬂ”ﬁ MUIU ].6 UUINU

33 in3esilofllumstinm
ﬂmﬁm';m'm%’ﬂy,a%ﬂ%lmuﬁﬁn (Questionnaire) iWlunsaeuuuuaouay
uazuaasteamfiudems ¥z Tasuuuaeuoumiailu 2 ya
331 wnuaevawdmsvusindudauas1duing (Vendor) inseanasszunludh
Sesreiiios (giioa) moluilszmealne
332 wuvaevmwdmsvuiEm glduims (User) Tasaeudeninisanliaiudidy

9 )
Yonamulumadendadeszun Iihdrsesdeiios (giea) Tugthiuudieg
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34 SEmwfvswsmdeyaiiennuvaeua
341 esdnsiiinsanludinnnasgiuduguineuiinnes Faziteuilosiugiuny
msavaees UPS System Configuration deaiidediarsanarspanls uazuaazgauuuies
UPS i$hdrnasganla Tassmuadiusunasgm Tier | - IV (Tier Classification) wu eadns
aronfu UPTIME Institute’s , BITCOM Institute’s
342 andoyamsaenau s indnaanaz1dusas (Vendor) neauazssi
Iihdrsesdeiiios (gioe ) areluilszimalne (Site Reference) Segtivunmisaonsaslu
J1lu6199)
auudguvesildendnuasdef-doids lunmsihmsfnyuiteidensduuunisee
2wvsszun lifhdsesdeies (gfiea) dmsugudneuiiunes luglunudien 18e81a
pingan Tag quinonfiunes tdeilvisndnlumsiaisan msSeuieugduunnsae
995N it
1. qaamszuu i (Power Quality)
2. mageutige iwdesn muazaNuiuaveaszuy awuwdonluns g
(Maintenance, Reliability & Availability)
3. anumwuisaveeiiavesszuuazmsasnu (Extension & Investment)
4, Funuanwgapdediuaig lumsinamgugaiiauvesszuy (Downtime
Loss Cost) waluguitithugusssu (Tangible Loss Cost) uazludandidiunusssu (Intangible
Loss Cost)

YourwaMIAny1 Tagiasaain d jluuumsaosesszun Iihdises UPS

€

Lo
=

A. n3oaden s 1iages Single UPS (Modular)
(:don UPS 600 KVA 1 unit as N) (Output = 600 KVA)

1)

B. naeiniesdevuiuTasiiglnsaiuemaadneluaies Active redundancy
with modular UPS units (internal static bypass) (xaenUPS 300 KVA x 3 units duty 2 + standby 1
as N+1) (Output = 600 KVA)
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A 1 =\ 4 ' A =
C. naransesaovuiulasliglnsaiviewiaegniousnnios (giea) L ga

Active redundancy with centralized static-switch cubicle (single external static bypass) (8enUPS
300 KVA x 3 units duty 2+ standby 1 as N+1) (Output = 600 KVA)

giitoa) 2 ya
Active redundancy with double static-switch cubicle (multiple external static bypass) (:8enUPS

300 KVA x 3 units duty 2+ standby 1 as N+1) (Output = 600 KVA)

.

Sl N\

E. uvufiu 2 nguadessenszua'lviih Redundant distribution with static transfer
switch (2N) (:aenUPS 300 KVA X 4 units Source A 2 units+ Source B 2 units as 2N) (Output =

600 KVA) - —
| r\- e i | 4
2 @ |
= [—

35 anumanTwaiuvesdoya anuuuaeu

A 1 = J ‘ ' A
D. Wﬁ”lfl!ﬂi’f]\W]ﬂ‘]]u'luIﬂfJﬂJQﬂﬂimﬂWﬂWWﬁ@gﬂTﬂuﬂﬂmii’)\i (

anuaniannuuuasuais atu glFusns (User) szuuluihdrsesderiios
~ A g v v o y_ A
(aiioa) Taaioinusausndeyaldimuaudafe

9y 1 4 ' a 9

].. ﬂ”liTliTLlsU'ﬂ‘lJ”a'J”Ii’Nﬂﬂiﬂi%!ﬂﬂ@nﬂﬂ NATTUIATUNITANNUTSTY UPS Tag
a =2 2

WIITUIDN QUﬁ\W}HLWﬂ\‘Iiﬂ

2. minswdeyaiiesdansiszianaieg Aansandiwumsasquszuy UPS Tae
wnsamSeniiieuds nisina Downtime loss cost iiieala

9y 1 J ' a 9

3. ﬂ"liTliT]_lle'f]‘J&I,a’J"li’)\‘Iﬂﬂiﬂi%!ﬂ‘ﬂ@nﬂﬂ NATUIATUNITANNUTSTY UPS Tﬂfl
a = o v Y 1A A Y =
NITTUID ﬂ')"liJﬁ"lﬂiUuﬂ"luﬂ’J”liJu"llsb'@ﬂ@LL@%ﬂ?TNWi@NﬂJ@Qi%UUlWchlﬂ
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9y 1 J ' a 9
4, msnsrwdeyadiesnnsilizmnaieg Aarsanamwmsasmuszuy UPS Tag
a =3 [] o = A Y =
W13w1d9 Anummnzanlumsgomigaazianudsannios imedla
9y 1 4 ' a 9
D, msnswdeyaitesansilszanaieg Aorsandumsasmuszuy UPS Tag
AnsantinnudiAnuaznmanysivesesansiiioala
(] [ o Jq ¥ a o 1 A =\
anugarlInnuuuaeuay Ay gliuinmsszunldihdrsesderiios (giited)
A ) v Y A
TagdionusIVT W ToYa lannuaudIne
Y ' v
L. msnswdeya msasnuvesgiunumsaedses UPS szuveiee
2. msnaudoya veIANULFeNoLAzANUIUAYENTZUD YoegiuuumTae
1995 UPS sgyueen
3. msnawudeya vesnnNumIZANYBINsTou Az inu TNy
sgriimsgouiige vesgluuunisaedtes UPS szuusie
v = a v
4, msnsudoya vesanuminzanlumsnazdounsounisldszou i
[ = A v Y
dsos(gited) aunsoveeiinaldlueuina
D, msnsudeyads HanudesluTenranisina DOWNtime vesszuu win-os

ieala vosgiuuumsaeens UPS szuvumiey



uni 4

=X k4
Nﬁﬂ]ﬁﬂﬂ‘]el1!!€1$l!1!37]1\‘1ﬂ15‘1|53qﬂﬂ&l“lf

msAnnadl ARnujanSiiezAnudoyauazyunesi Idnnesdnsfiiudnan
waz1¥usns (Vendor) nazesdnsiidlugldusms (User) afidedinsaniferfuszon lnih
d1304 (gitiea) Walunisidenszuy n1s19auszuy maquanazgentigaszuy s
Fofinsanlumadonamulussuy Wudu Fudoyauasnansinuitld ewnsasihlld
U5z e lumsiasannlSemieulszfuae dszaeumsdaduludenszuu vihdise

= o [ 4 a Y 1
(giom) dmFuemsguinouiiuned Idedhuving aude lal

4.1 wamsaevemgliusms (User) szuulshdisesnariios (giitea)

[ [

Idduiiumslitgnanuaz s (Vendor) szun luihdrsesdeios (giitod) Sads
v 99 9 a 9 N 4 = 9 o T a o
uuuaeunw atuglduing (USer) szuu lihdsesaeriie (gies) Tdnumiasaunsem
' = S S o ~ o A o
A9 neuilesiuszuudises i (giea) dAuidumsaeunuudeunuianua 16 e

9
v A

A o <] yy
(v51) Taenusausnlddeyansil
4.1.1 aomnmvesdaounuudeuniu
9 ] [] = [ a = = =2 2
Aaeuuuvaouniwdinlvg msanyszaulSyyas sesasliiemsinyisea
a o 1 1 [~ @ Aa A
YsganIn Tasldwniedrulngiiudianisuazlinnuimunaiaisinisy gaowu
puvasuIvaIuIngedlua1snIuAINAULAZTANIININIAINTTUDIAITUAST U
9
1513941 Tnaveaniasauiueg
9 ] [P=} 4 o 1 = d' [
daounvudounwdiulvg Hilszaumsamsiamnnndi 10 3 vazidiu
v 4 o . o [ 1 4
Tngyiidszaunisalnisiinumerduszunliihdrsesdeiios (giiea) doounilssuia

3-79 uansdr szuu lilfhdrsesderiios (giien) duflumaTulad fdsnoudraaielmiog
anudrlandomaiinianssuaeg ensdeeiinisanuiiuAuayefonsuann)asu
menenlszaumsal (Best Practice) e l¥iAaanudrlaluanummeanludiudig
iflosarnmiasaudinInafudusian (Use) wazdeudonldauluszun e ldifa

o a A ! ° o [ Y
Usz Teminaziidszansamminzauiige dmsuswazideananisdounn Iaae 1



a3 41 anwnwvesdaeunuudeuniy
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5193 1 fovay

STAUMIANH

Ysnna3 12 15

YsganIn 3 19

sininlSyanas 1 6
RTTIN

HoAns 8 50

Arnslamaiin 8 50
upun/ehe

Operation Department 6 38

Marketing Department 3 19

Building & Facility Department 6 38

General Admin Department 1 5
Yszaumsaim s

"oon1151 4 25

daua 5-107 4 25

Fand 11-157) 6 3

Fant 16-207 2 12
Yszaumsaimsmauduszuyih UPS

Hoonin 31l 5 32

Aaua 3-71 6 38

ot 8-127 4 25

fant 13-15) 1 5
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4.1.2 anwuamvesniiea [ u3iv [ eeAns
wiesvesdasunuuaeumnaIulvgeglunianistu/mssuinis uaz
9 i1
Mams Inusms wiheaudiulug nsdadsszuundounasliihuazinTesdudida luih

a o

drseatinnaiidldlihegn Uszum 1,000 e vaziszuulwihdisesdeniios (giiea) &

[

wiasae lwihegnilszanm 400 3o
' v 1 [l Y o W 9 9
gaznuNMUIeuaIuIvg Inanudag Tenmanazanunienlunsleau
w3e9 UPS 1dvd1adeiiios (Availability) gedrenisidenszuuiilinisdevuiuniouas
tinsesdises (Redundancy N+1) uszuulvihdises (giea) sreaziBoananisasunin

Y
Hoaaola)dl

d' a ]
ATTNN 42 U52INNINITVBIN U

UszIannan1sveanIeu U fouaz
M3du [ MIsuas 6 38
M3 IHusms 6 38
MINaR 3 19
5195 [ §§3enmuna 1 5

m3ii 4.3 wisavesndolasvih (Transformer)
wnaveandoutas Tl (Transformer) S Souaz
agszna1e 401 - 1,000 KVA 5 32
agsznine 100 - 400 KVA 4 25
weana1 100 KVA 5 3l
wnn 1,000 KVA 1 6
I 1 6




manii 44 fidaveunsossuiialulihdrsos (Generator)

38

finavouniessuiia llihdsos $uau fovay
(Generator)
agszna1e 401- 1,000 KVA 5 3l
wooni1 100 KVA 5 3l
winan 1,000 KVA 3 19
ou 9 3 19
mani 45 Adaveunsessudialilihdsosdaiiies (UPS)
finaveunsosiuiialufhdrses (UPS) $uau fovay
agsznane 100-400 KVA ! 44
wooni1 100 KVA 6 38
wnn 1,000 KVA 2 12
I 1 6
m3ni 46 gliumsaesasvesssunllihdsesderiios (UPS)
sUnuumsaeies luihdises (UPS) $1uau $ouay

AervsuuuvILIaziinsesdisealy ! 44
szuy (N+1)
aorgasuvuvun lifinsesdrsealy 4 25
szuu (N)
wieudasn luiinesdrsealuszuu 4 25
(Single UPS)
I 1 6




413 dumstans auauauatazseutitgeszuy UPS

a15190 4.7 mssams aruguguanazseuiigeszuy UPS

39

(n=16)
szaumsldnnudingy o
ANy P thu | e fm' X
figa nag figa
5 4 3 2 1
MuMsdams auguguanazventingaszuy UPS
1. msasndeunazvouiigeszuuilsesiiu 3 4 4 312|319
2. minsnaeutazyeuthgaszuuilsziidad ims
AuATeIIT ULLNONATBUIAZ AT IO 2 3 |1 |35
3. mIasndeutazgouieszuulszsudon 3 9 3 1 - | 388
4, mslitimsasnvaevaeuiihganuuileosiualanih
(Preventive Maintenance) 9 5 2 - | - | 444
5. mthdyangeuthgalasiimsliuinssougnau
(Corrective Maintenance i 53u X 8 4 Ta) 3 5 1 2 | 5| 2%
6. msvhdyangeutigalaciimiliuimsgeugnau
(Corrective Maintenance i 75u X 24 42 Tus) | 3| 2| - | - | 45
1. mymhdyangouihywuusives lva Wanue 8 4 - - | 425
8. mudenszuy UPS uuuiiimsdevunuaioas
n3ead1sealuszuu(N+) nazszuuiiadosnim
amniugedoga (Reliability) 9 5 2 - - | 44
9. mmdenszun UPS uuuiienunse idhdamsaon
thyelRazanuaziinnudnsentimgiios Tasés
aunsa nenszua iih 1esaderiios) 10 | 6 - : - | 463
10.ms1denszun UPS uuufiaisadadunieaUPS
Wiazvmeunaisaida lfhUPS 18 Taelides
idonawmuanmszun UPS Tmisaszuy 4 9 3 - - | 406
11 fiszvuududon Warning Alarm masenedines 8 ! 1 - - | 444
12.fiszvousudou Wamning Alarm sniadeq Buzzer
Alarm 6 | 7 | 3 - | -] 419
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a3 47 (o)

U 4 oV
szaumsInanud R o4
b Anay

f’;lil«! “’nymz 1'J1ﬂ nn 1w Hoe Hoe X

figa na19 figa

5 4 3 2 1

13.5iszvuududenWaming Alarmmass Tunszez Ina

iy SMS Alarm , E-mail Alarm 1 6 3 - | - | 45
14 8msusmisdanmsszuy UPS uuszoz Tnamainl
ADUNUADS 4 6 5 1 - | 381
mmae 53

MumMsdams muguguasazaeniingsszuy UPS =4.02

MNAUNAITON1T U199 LEAAIIHUIB9IUAI Tanudiynsasivaou
gouthguuuileanualsnd (Preventive Maintenance) nagldaudrdgnisifusnsaen
amau (Corrective Maintenance) wuu 7 $u X 244 Tua (s9uezlva) mniiga (Aunde 4.4
uaz 4.56 add)

Tanuddgmndmmsinsundenszuy UPS nuniifimiesdsosluszun
(N+1) Wanuddymasentge @azarnvasiidsammsotienssua i 1feduderios
wagldanudidyanuansaverennanids I szuu UPS ldazain szuundudou
(Warning Alarm) dhae maides seuesiimes SMS wag E-mail Alarm Tassundeluninsu

saudmmstansaruguauanazgsentigeszuy UPS iy 4.02 (feldarudrdnmuin)
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4.14 dAumssenms myasuszuy UPS

a151901 4.8 msvans msasnuszuy UPS

(n=16)
U YV o w
ﬁzﬂumﬂﬂmmmﬂm T
© Aundy
an MR un nn hw dou | o ;
figa na19 figa

5 4 3 2 1

MIaInu
1 msdenasnuszun UPS Taswersminaiudl
a oA A A 9
TN INLAZAIVU T DVDITZUD FIN5 DA

(Msanvnauilszunm) 8 6 2 - - | 438

2. mstdenasnuszuy  UPS Taswersminaiud

AR ETNINLAZANINU TN DVDITZUD FIN5 oA
MeududununisgadenINszuBIAANIT YA

sraru(Downtime loss cost) 1015 1 - - | 456

3. madenasnuszuy UPS Tasnorsananvainse
Tumsveoiinaside i 1dlueuran 1| U4 1 - - | 400

4, msdenasmuszuy UPS TasiiTonaldanldedis

aotitos (Availability) quiioawedmsuesdns uaz
msgeuIgalanuazaInlaoany aulszui

aungauna uazeeniuluinasgiu Uszana Tierd | 2 12 2 - - | 400

5. mudenasmuszuy UPS TasiiTonmaldanldedis

aorites (Availability) qage(liddorawarn) dmsy

=~

< ] o v
BDIANT llagﬂWE‘MEJﬂJ‘]ﬂtillﬂ’J'lilﬁ&’ﬂ’JﬂﬂﬁE]ﬂﬂil

= Y A

qaga (litigaidos uaz hififedanain) Tassensy

a

]
=~

Tumsaanuiga uazc?fmﬂﬁ'l@’fmmgmqaqﬂ Tier

U

4 2 9 5 - - | 381

oA
AlRaY 3N

mumsdans msasnuszuy UPS=4.15

MNAUNDETONIITUIAN 9 LEAAINHUIBIUANE TIITUINTAONAINUTLUD
UPS Tasiiarsananuiiadesamuazdunuanugards (Downtime Loss Cost) wnige

590901 Ao suszanumsaau uazanwamsovereinanas lihlueuina awdiay
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dy 1 [ [ 9 o @ A d’d 9
ueNINH WUNHUIBNUAN TnanudidylumsdenasnussuuniToniels

auszuuldedrsaeriios (Availability) gawelszum wie Tier Il wnndimsidenasnu

szuuiii Temanisldauldedsderiioagaga wse TIEr IV Tasdhladamsasmuiaieiu

aundslunmsindmumssanismsasuszun UPS mdu 4.15 (fenldanudidann)

415 &wmssamsnugapdeiidugdsssu (Tangible loss)

U o u

131971 49 mssamsnugapdeidiugdsssu (Tangible loss)

U 9 QU

(n=16)
szaumsldnnudingy oy
naaNHMY an | e | e o e
figa nag figa
5 4 3 2 1
mﬁ%’ﬂmmuqiysﬁﬂﬁsﬂugﬂﬁﬁu (Tangible loss)
NMINANITHYANNIUVDITZUY (Downtime)
1. msgapdodrumsiiu(Direct financial loss) i ms
Fouua 1wavues nd mawiumsdzuniazdoya [ 6] 3| -] - | 425
2. msqapdedunanda (Productivity 10SS) i nswaa
Funudn msgsnssumamsidu(Transaction)
msliruTmsaeg 9 16 |1 - - | 450
3. msgadedumsinsiziasvaeUaUNg HazmMs
uft ludszuunduaun (Investigation and recoverycosts) | 6 | 8 | 2 | - | - | 425
4, maquidedmngvine dyauazmal$udfinsgny
easing (Legal responsibility towards companies) 6 | 7 |3 | - [ - | 419
AundE 39
dumsdans qugndefduglsssu =430
MNAURFeTe NI A1e q WU MR 9 Tdanuddgnugapde
&unanda (Productivity) nnfiga 15y msudasunuseg msigsnssumansfududy
daunistansnugadoduniniu aunisdszuuuazdumsAntiadya @1eq nld

ANAAEITo9a9

g
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416 &rumssamsnugapdeniduuusssu (Intangible loss)

U g

m31fi 410 nmssanmsnugadefiduusssy (Intangible loss)

U 9

(n=16)
szaumsldnnudingy
AMANHNE in || b e | o ﬂ'“féﬂ
figa AN figa X
5 4 3 2 1
ma%’ﬂmsnuqiysﬁﬂﬁnﬂumuﬁﬁm (Intangible loss)
NMINANIHYAMNNUVBITZUY (Downtime)
1. maqayde Ferdeaaznmanbaiifveeding
(Reputation) (Good View Corporate Image) 9 | T | - | - | - | 45
2. magands anminaedenaz 1311 (Reliability) 9 | 7| - | - | - | 45
Aunde 39
dumsdams gugadeiduinusss = 456

F) [ A A g 9 T A A =\ o P
mumﬁ]ﬂminuqwmamﬂuumﬁm "lmm NITFYLTYTAUFYI NINANYUN
1

9

]

A A

=}
f
4 = ' Y v 1 1 N Y
UDIDIANT ﬂ”liqmulﬁﬂﬂﬂuuWlﬂfi’)ﬂﬂlmzﬂTJ”IiJ"l,’J’J’NGli]i]”IﬂQﬂf’n WUANUIYITUAN N

anudrnygann (Aunde 4.56 ) naggandiimssamsnugapdeiidugsssu (Aunde 4.30)



4.2 wamsaeumndliuims (Vendor) ssuulihérsesrerites (giiea)

vinu3En (Vendor) areq dudiumsasunnuasnniw

v 9
vngduuy UPS #itims1dauludsgmalnea 5 guuuy (A - E) dusiusaudoyaldeadl

Y
A

a9

v

m3ai 411 auaniiaiugudmnenw (Physical Characteristic)

421 quamianugiugunieniw (Physical Characteristic)

A3

44

nanua 8 ga Tagiv1san

9
v A

Power Output (fin5elai

)

System Connectivity
Configuration o
A
BT |8F |o
== o = &
= oo =2 o« =
| Sz |25 |25 |2
Physical S | ES s g s =
- S I w B v = = o
& Characteristic = |ES |S3 |52 |E g3
y, = — = > & a s
a o = 2 = S I s &S
= |2 g5 |Ea B¢
2 |EE |B=2 |82 |82
(75 = = o = x = s
< o = S P o o ui O

1. $wawases UPS lums 11n30q 31A504 31n504 31n504 419504
7924905 9 Output UPS= | (600x 1) (300x 3) (300 x 3) (300 x 3) (300 x 4)
600 KVA

2. i;m?}m Single Point of 16,52 | 15,i% 02,56 | 12,1556 135 8
Failure & Utility Input o T ido T wae il | wde Wil | w@e il
(iiwse i)

3. i;m?}m Single Point of B0l | 83,1685 | 93, 1umb | 63,5 | 53,1655
Failure &1uns aoUPS a1 mae 1l mae Tl mae 1l mae 1l
uuuvuy Redundancy
N+1 (5 w30 1)

4, i;m?}m Single Point of N Fr A T AR Pt 18 N i3 | §LunT
Failure &1 UPS Source a0 T a1 a1 a1 mae 1l




m31adi 411 (sie)

45

System Connectivity
Configuration O
174
2 S B =
= |22 |5
e |58 |8E %
S22 |€E5 |82 |5
S @ = o = =2 ==
S & o T QL = =2
= |5 |52 |5% |Es
4 D O [33 > = =1
Physical = € 2 S £ 25 |2 3
» " s H = 2d |28
& Characteristic = 2 = =5 == |55
7] = s x D & B =
< o = S P o o ui O
5. Mean Time Betwegn 240,000 300,000 350,000 350,000 450,000
Failure (MTBF)
6. Mean Time to Repair 288 hr 22 hr 1.6 hr 16 hr 0.8 hr
(MTTR) or Down time
7. Temalumaianuld 99.67% 99.75% 99.98% 99.98% 99.99%
Ao1flDaUDaTY I
Availability / 1 year
8. wasgrudugud Tier 1 Tier 2 Tier 3 Tier 3 Tier 4
Aoudmes Tier 1-4
Classifications
9. anumangauily Taimang Taimane Taimane Mg M2

uviasare Power Dual
Source sy Tvan
wiia Dual Cords Load




J 9

4.2.2 dod-dodosnaznisainu

a2 9 9

= )
a3 4.12 dod-dedoonazmininu

(Advantage-Disadvantage &Investment)

(Advantage-Disadvantage &Investment)

46

v =
AUUIN Y

8291}111!‘]JTV]

v =
AUUIN Y

11.6 dum

v =
AUUIN Y

14 dwam

System Connectivity
Configuration 2
ET |8F |p
ES |22 |&
v — S & 3 X =
>Z |£2 |E2 |E-
_ |£8 |25 |28 |22

Advantage- < é S |22 |28 |38E

Disadvantage > =3 | 8F €5 |€32

& Investment £ |EE B2 |25 |E=

< o = o @ o o ui O

1, Wauasdmamnies
UPS nazgilnsal
dsznon Tumsee
2913 7 Output UPS=
600 KVA

- UPS (vunauazduou) | IX600KVA | 3x300KVA | 3x300KVA | 3x300KVA | 4x300KVA

- Static Bypass Switch

Cubicle ($1mamd) 1 2 2

- ¢ Main UPS Output

($ruud) 1 1 1 2 2

%Lmqﬂﬂmf TG

duq Adosdadaly
szu (ACCessories )

2. myasuluuday 10 8 wom 10 | 14 dwamnld | 174 wumld | 20 @woml8 | 27 duand
stlupy Usznams | amum b | dwwmll auuml? awumll | dwumlld
;‘%ﬂizun(....um IIIIII ) dmumé.2 dmum b dmumb5 dmum 7 dmumd5

a8 a9 auumld awmum 18 a2

v =
AUUIN Y

16 dwum

v =
AUUIN Y

23 ES{WLIUTV]
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m3137 4.12 (sio)

9
UPS 54 5 galun 1édenarsandsil

9

System Connectivity
Configuration O
3
—_— O —
g T 3 = %)
= = @ = &
= =
= 3 S 3 =
2 5 S & a8 & =
== £ & £ @ S =
S g = o = =2 5 =
s w = o = = <
= E5 |S 5 5 Z 2 3
S ) —_— ot
D o > = > E a s
Advantage- £ X Z 2 g 2 5 £ 3
i e = 2 E 5 2 2
Disadvantage = 2 E 3 = 3 =2 s 5
y— fro— D — D —
& Investment 2 =g |22 |23 |=8
< o = s P a o ui O
3. MIAINUYOITZU 11111 141322 171522 | 201822 21253
ANUANTAINUUDY mae 1 14115mas | 153175 165225 | 22441050
uvw A, Single UPS 156w | wae L73wh | mde 2 Jm
i L (msaanu
Tuuwy B,C,D,E il
Ao uuw A)
. BuINuEIInluy 81N 81N N AovUIY | g ABvUIY | 919 Nga D
msveennaszulu - - 18%0n1 68 | 18 laidn 6-8 | wun 18
A A A a
auan (070 3o 410) 1n504 1509 i 6-8
A9y o w A
naziivedinalas 1A504
w50l
1 ~ Y a 1 = v 9 wady ) H
MnAumastennITana q ineatudeyanuaniianugiuaunienin Physical
Characteristic uaz doarsmuneriuden-dodos naznsaanu YoegliuuNMsaeI99552UY
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UPS 3aluws E. Redundant Distribution with STS Dual UPS Source (2 N) figaieriia
&umasaw (Physical Characteristic) éen Aiiga fio

a319 4.13 dod deido voa UPS gluun E

of (UPS galuu E) Fordes(UPS guuuu E)
"2if) Single Point of Failure g nput | - a=desdndasuauaios UPS Tuszuy
waz OUtPU azdunsindaadisos ALV
Tusguu N+1 (ifunas Plus ong &e - MIAINUVBITZUVGININ AN
szuv 1 szou Mldiadesnmga) A. Single UPS & 3 winéa fidisia
Mean Time Between Failure (MTBF) fda Ilduesinn iy

g 1Fnumae (wSe Reliability)
qaun

Mean Time to Repair (MTTR) w3e
(Downtime) szeznaszun g
1T eednga) Badunn
Temalumsihan 1&nerilos
(Availability) nlesidud gaunn 99.99%
wasgruquantaaunenin (Tier
Classification) gaga/szana Tier 3-4
wngnnd sy Tnaafideans
uvasane 2 uvas (Dual Source)
ANuEITveTeRnavessz U lu

o Y [
puna i ladienas ligaen

sunuunsaeaees wu D. Redundancy UPS with Double SSC Double External
Static Bypass (N+1) , nuw C. Redundancy UPS with Centralized SSC Single External Static By
pass (N+1) , ww B. Modular Redundancy UPS Internal Static Bypass (N+1) wudniigaeauiia
drumenmdiae (Physical Characteristic) faanaufulilfenuy E-D.-C-B-A. dauns
asuatimsdunlsaudenldieasyuilesasamgiuoy E-D-C-B-A. wudu Tae
UPS 3aluns A, Single UPS fiaaamiiaaumaniw (Physical Characteristic) e usiiga fio



a319i 4.14 dof deids voa UPS gluun A
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0@ (UPS g1uuu A)

Forde (UPS giuuu A)

suu A, msasnuvesszun ligann
wuu A asudiu 1.0 wh
wun B asnwidu 156 i
uuw € asnuidlu L73 v
uuv D asudlu 2.0 wh
wuw E asnundiu 3.0 wi
uuu A 1Fau 1ddualsz@niamaes
10309 UPS quiiga(iilosnin lifines

ApuuIUF LN lumsitau)

1 Single Point of Failure &nu Input naz
Output, lsifiasesdrsesluszunnuy
N+1

Mean Time Between Failure (MTBF) o1g
msldanumaedunn

Mean Time to Repair (MTTR) or
(Downtime) szeznanszuuldanlila
(1nSeas13a) Hergaun
Temalumsihan 1&aerilos
(Availability) nlesdud lsige 99.67 %
wasgrugaantaanienin (Tier
Classification) ‘lsiqa Tier 1

iz Tvaafidosns
uwasie 2 unas (Dual Source)
ANUAINIVEIBNNAYDITE U 11

ouna 1 1den (Reutlaownios UPS)

423 hasewanludiu qauamszou'lvi (Power Quality) drunisadeniiage aaw

ndedenazaiuiiunsvesszuy (Maintenance , Reliability & Availability) nag@mmsvene
wnaszuunaznsaanu (Extension & Investment)
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1) qaawszuu i (Power Quality) L weunn, 2: ue, 3 1hunans, 4: 8, 5: fun

a151901 4.15 gunmszunIddh

System Connectivity O
(2]
o 3
Configuration 2 = S =
~ -+ w -+ w
= = o = &
=2 = £
£ |88 |88 |=
= s @ = @ S —
2% |22 |Zg |52
< (Yo 1 v (S = ~—
= |55 |52 |52 |E¢8
. %) S o o> &£ S = e 3
Power Quality a = S = S s s 3
A 5 & S = =l S o
=4 8 & S @ =2 = 5 2
] = s x 2 x 3B E S
< o = S P a o ui O
1. anauidauaann Aunde Aunde Aunds Aunds Aunde
szl & Input X X X X X
maud lvTotal Harmonic 4.42 4.42 414 414 4.57
Distortion dunszue
i ( Current THDI ) L:
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2) Maintenance , Reliability & Availability

ma1aii 4,16 Maintenance , Reliability & Availability
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3) System Expansion, Cost & Investment

ens1aii 4.17 System Expansion, Cost & Investment
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13, fszuuusudenWaming Alarmmass TunszesIna
i SMS Alarm , E-mail Alarm
14, fimsvimsdamsszuy UPS upuszos Tnaniadl
AvuNIADST
szauMs Inanudiy
AMANYY ma | ann | thu | ddes | tes
A A
g nag g
MIAINU

1. msidenasuszuu UPS Taswvrsanaiu
- oA A A o
ADYTNNIAZANUU TP NOVOITZUY FIHTOM

(Asannnaiszina)

2. madenasuszuy UPS Tasworsanaiud
= A A A o A
e nnIazANUL TN VEITTUY GanIod gy
v 9

AUAUNUMIFYPTININTSVUAANTHYATIIY
(Downtime loss cost)

3. madenasnuszuy UPS Taginisananuaunsalu

Ao

msvenennaniad Wi 1dluean

4, madenamuszuu UPS TastiTomaldauldedis
aeriio (Availability) guiieawedmsvesdns uaz
MsseuiIgalaNudzaIndaoany suilszuu

aungauna uazeeuiuluinasgiu Uszana Tier 3

5. msdenasnuszuu UPS Taeli Tomaldauldedia

aorites (Availability) quera(lifiderianaia) dmsu

o =~

< ] o
NANT l,l,ﬁZfﬂﬁ°]§E]1]1J1§Qllﬂ’31llﬁ§,’ﬂ’3ﬂﬂaﬂﬂﬂﬂq\1fgﬂ

(hitigeudos uaz hilifeAanaia) Tassonsulums

awuige uazdeans ldnasgiugaga Tier 4
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szaums Inanudiiy
9 9
wn | wn | thu | des | oo
A A
figa nal figa

mi%’ﬂmsnuqmusﬁﬂﬁzﬂugﬂﬁﬁu (Tangible loss)
NMINAM IHYAMNUVRITZVY (Downtime)
L msqapdearumsiSu (Direct financial loss) iu nvs

] a 11 o A Y 9
YD LT L‘]J’ﬁEJ’L!E]leTiﬁ ATMAUUUNITNISVULASUDYD

2. msgapdedunanaa (Productivity loss) i n1swaa
e 9 nsigsns sunianasiu(Transaction)

Y Aa [
fﬂiﬁh’i‘lﬁfﬂﬁﬁnﬂ"‘]

3. 3 msgapdedumsInsiziasadeua e Lazms
uf ludszuvnduauua(Investigation and - recovery
C0sts)

4, mﬁqﬂuu?raﬁ’mﬂ;]wma ﬁ'ﬂumunuazmiﬂ%”uﬁmmu
easing (Legal responsibility towards companies)

mi%’ﬂmmuqiysﬁﬂﬁsﬂuumﬁﬁu (Intangible loss)

NMINANITHYANIIUVBITZUY (Downtime)

1. msgapde FerFeuaznmwdnualiavesesdng
(Reputation) (Good View Corporate Image)

2. magapde aAnuinvedouaz131als (Reliability)

aoud 2 doyanernuaniunimna

9 1)
fdng Tsaiuniearne \ adluges [ ] 3o idudaslugesing

dauf 1 doyadounmaesdaounuuaonniy

. mnilSyanad [ ]2 U5ayanes

9

[ ]4. U5aymuen



. AwrisvedauuuUdeUnIY
Yo
[ )L nssumsdiams
Yo
[ ]3. 48 mwaems «

[ ]5. wawdtranfusun/Supervisor

[]7. 019 (550

. uwun [ #he [ Department

[ )1 msGuuaetia

[ ]3. 53m3
[_]5. Operator Dept

[]7. 009 (550) .ot

. Uszaumsaimsian

[ ]1 esnin 5
[[]3.11-157)

[]5. 1nn$1 209 du'll
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[ ]2, s0anssumsdiams «
[ ]4. dians «
[ ]6. 3rns/ramaiia/Operator

[]2. ad0
[]4. msama
[]6. Building & Facility Dept

[]2.5-10%
[]4.16-207

. dszaumsaimaiinwdeasumisnasanszun i waz Wi UPS vesesdns

A o A v a A @ A a d aqg ¥
LL@%/“HTEJ NITNTIUNADIINUAUNIITUT AFUANIATOIINT YTD ABNNIUABDT 1w

insouRamsngatha (Downtime)

[ ]1 esndn 31
[ ]3.8-123
[ ]5. 10031153 'l

[]2.3-74
[]4.13- 154
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dauh 2 Jeyaammnmvesiaeaiu [ v58n [ osdns

L

1J52INNINITUBINUIBTU

[ 11 wi2891m5198m 135530080 (3210

[ ]2 013088 E131 (321)).corssssesssssnsssssssssssssssssssssssssssssssssssssssssissis

[ 13 m31905015 811 (3211

[ 14 A5 T BRI s

TR )

misnveshuaadszuyliih nifeulas i (Transformen)vnafisanirla

[ ]1. esni1 100KVA [ ]2 100-400 KVA
[]3.401-1,000KVA [ ]4. 1,000 KVA

T R ),

k4 )
wirevesnuaaaesz vy i wseduiialuihidisee(Generator) vuradina

wihla
[ ]1 esni1 100KVA []2. 100-400 KVA
[ ]3.401-1,000KVA [ ]4.1,000KVA

[ 15, 81 (5210). s

9 )
wisnuvesiuaadsszu Tiihdsesaeriios (UPS) vinadisauila

[ ]1. esni1 100KVA []2.100-400 KVA

[ ]3.401-1,000KVA [ ]4.1,000 KVA

TR ),
misveshuaadsszuy liihdseseriios (UPS) qalunumssensasuuyla
[ 11 w3esdery ifindeadisealuszuy (Single UPS)

[ ]2 aorsasuuuvun hifiadosdrsosluszun (Parallel Redundant UPS as N)

[ 13 dorsasuuuvunuagiingosdrsosluszun (Parallel Redundant UPS as N+1)

T CEET) P,

.suasuau‘wammethqqﬁﬁaznmmmmuaauam
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HyvaouaIN

U Y Aa

avugliusmsszunlivhdisesaeriies (giitea)
o dq’
Mg
@ dy 3 | = = Y a a Y a
pundeunwniuil HudiunilsvesnsanuiszdulSyn Tn uminerdegine

a

Tadia @19133101359an15maluTadluerns gavelasvenrusuiielunisaon
puuaeumuaniuFe mumaninanssy muniasguazadle vewdnfuw
Tugiiumsdenses giied uuusien ndou maiuauedoyaiiodusTan (User) farsan
fo-doden nazarumingamoasazszuy (System) dwsuidudoyalilslse Tundidle

Y
NNMTANUNTU

Yamtiua

M lugliunnsnel39s gied 1y Lﬁmﬂumiﬁmmmuﬁy@m
ooty Sedmuald MinsAneszou giiea @ Afesias lifuhdude Uninterrupted
Power Supply (UPS) Out put wiafu 600 KVA Tasnisaeasesdrsesunuvuiu (parallel
system) 1hilnlU T ununndlesTnaauuu@uguuy N plus one (N+L; standby 1 unit) Tae

- O d’ ~ 1 d! =) -dl o = aov Y U
N— mmummmimqwmﬁslummmqm BATSUUVYWBE NIETNINITANHIIVY "l,ﬂll,ﬂ

A. Single UPS (Modular) (xaen UPS 600 KVA 1 unit as N) (Output = 600 KVA)

B. Active redundancy with modular UPS units(internal static bypass) (:aenUPS
300 KVA x 3 units duty 2+standby 1 as N+1) (Output = 600 KVA)
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sis
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C. Active redundancy with centralized static-switch cubicle (single external static
bypass) (denUPS 300 KVA x 3 units duty 2+standby 1as N+1) (Qutput = 600 KVA)

A

D. Active redundancy with double static-switch cubicle (multiple external static
bypass) (denUPS 300 KVA x 3 units duty 2+standby 1 as N+1) (Output = 600 KVA)

ey

E. Redundant distribution with static transfer switch (2N) (sdenUPS 300 KVA x 4
units - Source A 2 units+ Source B 2 units as 2N ) (Qutput = 600 KVA)
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aoudi 1 momiAvasudeyaquandadugiudunion (Physical Characteristic) ves

System Connectivity
Configuration

Physical
& Characteristic

A. Single UPS (N)

B. Modular Redundancy UPS
Internal Static Bypass (N+1)

C. Redundancy UPS with Centralized SSC

Single External Static By pass (N+1)

D. Redundancy UPS with Double SSC
Double External Static Bypass (N+1)

E. Redundant Distribution with STS

Dual UPS Source (2N)

1. $1uwases UPS 1u

m3neases 7 Output

UPS =600 KVA

2. yaudtua Single Point of
Failure & Utility Input

(§ wio Tud)

3. qaudus Single Point of
Failure &1un1s daUPS
upv Redundancy  N+1

({ wio Tud)
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System Connectivity
Configuration

Physical
& Characteristic

A. Single UPS (N)

B. Modular Redundancy UPS

Internal Static Bypass (N+1)

C. Redundancy UPS with Centralized SSC

Single External Static By pass (N+1)

D. Redundancy UPS with Double SSC

Double External Static Bypass (N+1)

E. Redundant Distribution with STS

Dual UPS Source (2N)

4, yardius Single Point of
Failure &1 UPS Source
Power Output (3 w5e
)

5. Mean Time Between
Failure (MTBF)

6. Mean Time to Repair
(MTTR)

7. Temalumsinauld
ADI199UDITL VY

Availability/1 year

8. wasgrudugud
Aouuaos Tier 1-4
Classifications

9. anumanzamiy
unasvre Power Dual
Source rifoseesuiwan
ssiia Dual Cords Load
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aoudi 2 MomnAafudeya Jod - fedeu uaznisasu (Advantage - Disadvantage &
Investment) vesguuumsaeassuDDA1 Wa 5

9
A3 Timeudeyalunuudeuow anasgiunansms

System Connectivity
Configuration

Advantage-
Disadvantage
& Investment

Internal Static Bypass (N+1)
Single External Static By pass (N+1)
Double External Static Bypass (N+1)

C. Redundancy UPS with Centralized SSC
Dual UPS Source (2N)

B. Modular Redundancy UPS
D. Redundancy UPS with Double SSC
E. Redundant Distribution with STS

A. Single UPS (N)

1 Wsusdnunies
UPS nazgilnsal
Usznoy Tunsne1993
f Output UPS = 600
KVA
UPS (vinauazsuom)
Static Bypass Switch
Cubicle ($1mud)

& Main UPS Qutput

($ruug)

%Lmqﬂﬂmf firndug idea
fasaluszuy (Accessories)

maauluuday

NS

Y
siuny Uszanamsnia
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System Connectivity
Configuration

Advantage-
Disadvantage
& Investment

B. Modular Redundancy UPS

Internal Static Bypass (N+1)

C. Redundancy UPS with Centralized SSC

Single External Static By pass (N+1)

D. Redundancy UPS with Double SSC

Double External Static Bypass (N+1)

E. Redundant Distribution with STS

Dual UPS Source (2N)

3 MIBINUUDITZUL
ANUANMTAINUVB IV
A. Single UPS il L wwih
(msamulunuy
B,CDE iflufinives
uuy A)

— | A. Single UPS (N)

o
4, Fwsanuawsalums
venennaszuy lueuing
A ' =
(v1n w30 410) uazd

Y o w A [}
dasrialaqnseli
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aouit 3 Momimertuilesondnlug qainmszuyldih (Power Quality) runtsafentings
auiugedonazauiuasuesszu (Maintenance , Reliability & Availability) &wnrsvene
wnaszuuuaznisasnu (Extension & Investment) lugiuuumsaedsasuuusig

9
f3uns Idaeudoyalunuuaeunw Taoldiussauazuuu 1-5 (amdouuzii)

3.1 aanwszuy'lvidh (Power Quality) 1: udun, 2 ud, 3: thunang, 4@, 5: @un

System Connectivity
Configuration

Power Quality

Internal Static Bypass (N+1)
Single External Static By pass (N+1)
Double External Static Bypass (N+1)

C. Redundancy UPS with Centralized SSC
Dual UPS Source (2N)

B. Modular Redundancy UPS
D. Redundancy UPS with Double SSC
E. Redundant Distribution with STS

A. Single UPS (N)

1. puamiadunann
szuu il dw Input
msud luTotal Harmonic
Distortion dunsue
Il 7 (Current THDI)

2. aueauiddunanw
szuv Tl dwuOutput
msud luTotal Harmonic
Distortion &,
usegu i (Voltage
THDU)




System Connectivity
Configuration

Power Quality

3 auantadiuquain
szuv Tl dru Input
numuaensiia SUQE,
Tlan, Tvldu, Inszann

Trlpsensy, Iihey

4, auauiddunanin
szuv Tl A Output
~ = Y
HanuatosMuAIUNIS
venszua i ldedns

A
ABDLIUB

b, mwngdmsunios
Server asielnindoanms
urasae Ivihaiia Dual

Source witq

C. Redundancy UPS with Centralized SSC
Single External Static By pass (N+1)

D. Redundancy UPS with Double SSC
Double External Static Bypass (N+1)

E. Redundant Distribution with STS

B. Modular Redundancy UPS
Dual UPS Source (2N)

Internal Static Bypass (N+1)

A. Single UPS (N)
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3.2 Swnsgeutye anuiiadesnmuaziudedo uaz Temamsldam1dedudenies
vosszuy (Maintenance , Reliability & Availability) Taelsiiluseduaguuu 1-5

(amdouugiin) L udun, 2:ud, 3:1huna, 48,5 dun

System Connectivity
Configuration

Maintenance
Reliability& Availabilit

Internal Static Bypass (N+1)
Single External Static By pass (N+1)
Double External Static Bypass (N+1)

C. Redundancy UPS with Centralized SSC
Dual UPS Source (2N)

B. Modular Redundancy UPS
D. Redundancy UPS with Double SSC
E. Redundant Distribution with STS

A. Single UPS(N)

1. vhudananse
sanuunlnszuuUPS
ANTONUADNITING
Over Load 1&gauagi

= =
HyININnNga

2. szwigouige nio
gouuasy UPS nuulald
anumnzawlums
gouthgalasdulniles
Critical Load uaziinaw

A g ' a
ioativedonsing
giiame (Risk

Assessment)
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System Connectivity
Configuration

Maintenance
Reliahility& Availabilit

A. Single UPS (N)

B. Modular Redundancy UPS

Internal Static Bypass (N+1)

C. Redundancy UPS with Centralized SSC

Single External Static By pass (N+1)

D. Redundancy UPS with Double SSC

Double External Static Bypass (N+1)

E. Redundant Distribution with STS

Dual UPS Source (2N)

3. muaa1 UPS szuvladl
@RITNIN, A
A A
Unrede wag lomalu
msl¥alasea
doiiios Reliability &
Availability

4. Tier 1-4 Classification fle
sERUMs IRAzIUUYES
WATFIUFUIADNA
slunuMIARIRIUARE
upy ldnasgiula
(L:Tier 1) (2: Tier 1)
(3:Tier 111) (4 Tier IV)




9%

JUluuDMIn0999
Configuration

Maintenance
Reliahility& Availability

A. Single UPS (N)

B. Modular Redundancy UPS

Internal Static Bypass (N+1)

C. Redundancy UPS with Centralized SSC

Single External Static By pass (N+1)

D. Redundancy UPS with Double SSC

Double External Static Bypass (N+1)

E. Redundant Distribution with STS

Dual UPS Source (2N)

5. munad UPS szuula
iefagiifimenie
UPS $1auiies 1 1n50q
Tuszyveni sy
nenszua i 1di
Critical Load a'1&
(Downtime) 1:Toma
szuvaugan 2: Temd
sruvaugs 3 Tema
szuvauwellszunm
4Tomaszuvauiion
5L Tomaiisz ez

ay

6. muaad UPS szuula
3 Single Point of Failure
1: fnnitga 2 finn

3 iweilszana 4 il

5: s
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3.3 AUMsUeBULAZANUAINTOVERNAVOITZUY |, AUNY 1AY N1TAINY
(System Expansion , Cost & Investment )Taeltiilusesduazuuu 1 -5 (awdenngih)

System Connectivity
Configuration

System Expansion
Cost & Investment

A. Single UPS (N)

Internal Static Bypass (N+1)
Single External Static By pass (N+1)
Double External Static Bypass (N+1)

D. Redundancy UPS with Double SSC
Dual UPS Source (2N)

C. Redundancy UPS with Centralized SSC
E. Redundant Distribution with STS

B. Modular Redundancy UPS

1. 811&penuumiie’l3 UPS
szuvulaaunsavensiing
Maaliihlueuanld
L laild 22 i1 18 ue'lad
g 3 wei 1@

4 winzaw b iz e

S
nga

2. muaanszuu UPS
sruulaldanuldify
szAninminses UPS
figa L1130 it
Uszd@nTNINed191N
2: 2% lisd
Uszansnn
3neiszina diufin
Uszansnmmnolszunm
5: 1l Aidu

UszansmmnIol

summ‘uwammefhaqqﬁﬁaznmmmmuaaumu
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An Optimal Data Center Availability and Investment Trade-Offs

Montri Wiboonral
Graduate School of Information Technology
Assumption University, Bangkok, Thailand.

g wWie tiy-desiom coni , nowihoowrrada comanl come

Abstract- Husiness opertion downlimes adversely afTect
ned omly pecovery times and lost opporfioiy costs, bui also
company’s Tepulation  and  customers’  conlidence.
Reliability af the power distnbution svstem for o dato center
depends. wpon numerous  clectronic. ond | mechanical
eompornents, Redundaney represents o possable approsch o
ephancing system relishility, In a serigs-parallel design
miethadology, serial systems reduce rehabiling, while more
systems i parallel help increase it The redundancy schemse
helps enhonee the ovemall system reliabiliy but 1t comes
with double mvestments. The data center reliabitity ond cost
irade-offs  becomes o comiroversial issue among  all

including  irvestors, T 5, and
eonsultants. [hiferent busimess aslivilies ane -mhuct Tex
system tailures or power oulages to varying degrees of risks,
A question anses-on what represents the most appropriate
level of data eenter reliabality ot the most scceplable costs,
This research emplovs the reliability block diggrams (RED)
with relinhility informaticn obtained from IEEE 493, or the
soecitlled Gold Book, and component’ vendors” Deld. iest
data. The investigaiton atlempts o simubste and compare
rehabalities and costs of two daa eenter (T0) TTA #4425
Tier 11 and Teer IV power distnbution sysiem standands
applied o real coses. Researah fndsmgs propose an optimal
balance  betwesn  data cemter  svstem  relinbality  ansd
investment costs for each case,

I. INTRODUCTION

TDiwamtime eosts may cowse D project faihures, as
evidenced from a number of past researches, A one-hour
downtime can cost an mvestment brokerage firm up to US$
545 million and USELe mullien for credit card sales
{Kembel, 20009, ( Patersen, 2002), and (HRG, 2007). The
nmeasurable eost of data loss is even mwre disastrous. The
consequence of dewntime con be ravaging, not only on
iangible finamcia] Josses hui also intangible domeges, eq,
customer dissstisfiction, decreased brund lovalty, ond Jess
prospect for futune business.

An meressingly relisble system 15 mequired, as
technologieal developments become mome complex, H-nine
{50 99999, or an almost emror-free, reliability is targeted,
Improved  reliability may  be achieved by desighing
redundancy mtoe the ¢ntical components. A component M+1
or conearrent maivdenance {DC-Tier [11 and 2(N+1) or
fanlt-toberant {DC-Tier [V assessment of a systemn con
dhiselose points of falure within the gy sem {Tumer, Seader,
and Brll, 2006} Duts cender syslem design was based on
the IEEE 493 Giold Book Standand Metwork (IEEE 493,
19497, (Koval, et al, 2003), The design weighs eost mmpaet
of busmess Josses agamst redundant components costs. A
simubation modeling software package, BlockSim 7, and o

reliability block diagram (RED} wese eoploved 1w
determine reliability of the power svstem and redundant
componens or system eosts (Wang, et al., 20040 (Koval,
e, ol 2002), and (Koval, et al. 2001), The research
gitempts to analyze power relability and cost trude-offs
between Tier 111 and Tier IV data centers. The fmdmgs may
serve as guidelings for the design and building of reliable
data centers 1o serve all wsers’ peeds, while manimizing
cosis,

IL MOTATION
Avaifutitline: & ratio that describes the percentage of time a
component of system can perform its required function
Fenintel £ The inverse of the mean exposire time
between consecutive fmlures
A 15 twpieally expressed in either failures per vear or
failures per million hours.
MTBF: The mesn exposure time between consecutive
failures of a companent or svstem. The mean nme between
filures is wsually expressed in either vears per failure o
million  hours  per failue. For some  applications,
tewsrernent of o time between repais (MTBR) rather
than mean time between failures oy provide more
statistically cormeet information. :
MTTR: The mean tune to repaira failed somponent. For a
systern, il 85 the total amount of e it s umavailable due o
i lwilure and is expressed in hours,
Redicbitine: A indication of the ability of o component o
system o perform its imMended function during & specified
time,
Svstems: A group of components eonnected or associated in
o fixed configmation B0 perform a specified function of
distributing power.

II. RELIABILITY DETERMINATION

Reliability is the messurement that exprossés the
ohility of a system to achicve its proposed functions durmg
a purtieular time, Rebiability levels are munully dependent
with cconomics. Simce, mercased reliability 1= attained
through  imereased wvestment it of alss peromis  the
consumers b reduce their downtime eosts (Fievalolo,
Tuwrom, and Valade, 20043 The selakility asessment 15
nommally regarded with average mdicators g the mean
time between fuilure (MTRF) and the mean time o repair
(MTTR) Also, the probability of the frequency occurmences
and duration of each outage wre considered as o component
of a relubility assessment. Caleulation of all compenents
wnd systemn relighility mdieators stems from Two basic
parameters, ineluding Mean Time Between Failure (MTEF)
and Mean Tome To Repar (MTTE), Followmg show

9



equitions  cerived  from both  (Homo et al,
{Vahlstrom, 2004):
MTEF = Mean Time Between Failures (Hours)
MTTR =Mean Time To Repair (Hours)

2004,

1
e MTBF
T =—M;m=;;cmpmmmpﬁ:rahlwwimﬂw?

The systiem anvailubilicy 4 ) is defined us the otal
operating time over the total time:

i5 MTBE e iz
(MTHEF + MTTR) (A+u)
Gq= ﬁ . { Steady -state unavailability )
i = Afl —g)or @ = A, where as ¢ <=1 |
(g = Ar) '

; Componem failure rate (faulthour)

IV. METHODOLOGY

The IEEE 493 Giold Book Standard, a3 illusirated in
Tahle 1, provides component relibility  date A
represeniolive network a5 required to enable conpanisons
between different methodologies. Fig 4 and Fig. 5 had
show the simgle line disgrams of the Tier IV and Tier 111
datn eenters, respeetively. The components shown in the
networks ane labeled with numbers, swhich eorrespond with
the reference numbers in Teble 1. Metwork reliability
annlysis is perfermed with reliohility data For referensed
components laken from this fable.

This paper investigated the system rebiability /
availability of data center Tier 11 and Tier IV in terms of
the frequency and duration of occlmences power olilages,
Syatem avanilabakity depends oo

|, Relabilty and  montamsbility  of @ its
compoments; imeluding fuilure rate (MTEF) and
repair fime (MTTE} of compenent’s inherent
choractensties (CIC) distribution, Tulure modes
effeets and eriticality analysis (FMECA), and
envonmental operation effects

2. System design or svstem connectivity topology
(BCT) deonfiguration or topoleay, dependency,
amd fnilure defection).

3 Systemn  operation  behavior  (operational
churacienstics,  swilching  procedures,  and
TR ST SErVICes),

The Following assumptions apply 1o the proposed
dala eemer DO Tier 11 and IDC Tier I'V system nebworks:

*  Failure rate and repair tines are exponentially
distributed

* Ao povver cable lengths may be indicated on
the drawang. The cable fuilure rate s thus
determined per the mdicated actual cable Jength.

*  The generaiors are redundant XN

e The power grids, genesators and UPSs are
redumdant 2{N+1}, only m Tier IV,

*  [he transformers, switchgears, 415s snd bor-
buses are redundant.

o There ane twe paths of power distribution
Ay lerms.

#  Terminations and splices, while normal for all
systems, are net ineluded on the drowing, and
are ol included in the caloulations.

o The weored breaker falure maodes are S04
open and 0% short.

o Selected component”s inherent chamcteristics
(1Y of both Trer 11 and Tier IV systems ore
aimdlarly.

Table 1. Equiprment reliability data from IEEE 493 Golbd
Book Standard Network {Reczen e, al., 20043
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A RBD demonstates  endto-end  logical

connectivity of components and subsystem levels. [t depiets
the power distribution in @ dats center from utility sowces o
loading poimts. [t also shows the topelogy for commestivity
(8CT), such as series — parallel, active standbw, beidge, and
k out of n design.

The research proposed the simulation approuch ag
opplied through o relinbility block disgrom (RELY by
saftware simulation called "BlockSim 77



V. A DATA CENTER COST MODEL
A Adat center institution cost model

Dt center requires more funclions o support one
wnified system. Each facility function is unique but mot
independent m operation,

[vestment facilitics include office space, kobby,
restroom, conference room, staging rooan, lesting room,
storage arca, Mok, loading docks. utility roems, server
PO, COmMAIEALON FOTmS, ftwarking oo, srong
rooms, and data cender,

System  eosts  melude  unlities, translonmers,
switchpgears (ATS), power distribubion systeme, backbone
busedisers, diesel engmes, UPSs, batleries, PDLs, water
leak, fire detection, groumding, CRAC, chillers, pumpimg,
piping, rack, security and surveillanee,

Operating coste inclede [T manpewer. whliics,
eommmCalions, Fming, mamlenance, ele,

Assumption on o similar condition at 25,000 6
was simulated aren for both data center Tier 0T and Tier [V,
A different construction cost per feet of Tier IW and Tier 111
was LISEXNI0, As a result of tolal sonstruction cost under
assumption, Tier IV was expensive than Tier 11T around
LIRSS Adititom, While os o different site avanlahility of Tier
101 and Tier 1V was only (h005% or arownd 1.2 hours, 15
seen n Table, 2. '

Tahbe X Tier I and IV eompanson (Tumer and Brill, 2007)

L]
Hl.nburufd! ry pevhs

B: A Data center downtime cost modial

Determine the eompany costs of owlage are nod the
omnly omes that lose revenue but also the loss 10 4 eompany of
wasting the time of emphyees Wl cammwt get their work
done during an outnge (Patierson, 2002) The loss of
aviilobility of datn center direcily affects to the facility
infrastructure’s bottom line, with full recovery afier short-
Tivec unplanmed downtime faking a day o a week. The two
major factors effect to downtime cost depends on power
cutiege frequency and duration oecurrences,

Businesses losses will justify the mvestment cost
of data center Tier availabality. Estimation of busness
losses per bour shoukd be compensated by forward of
nvestment cost that can gain by retum of imvestment (RO
model 8z below (Bochm ot al. 20043,

Beriifins| Downtimes Costsy— Investment Costy
Tnvestirent Cozts

RN =

Repuneion () wnd Goedvwil! (07 ) will be the
hardest factors that is difficult e caloubate (nidjeetive) o be
money walues It i depended on business segment and
enstomer group mpacted, as seen in Eqeeation (1),

& | Frequency of interruption [occurrence per
yeur)

I : Duration of infermipdion dai least an hoar per
ocourrence;, iieger aumber)

L : Cost of business bost per honr of eccurmence
(Estimated avernge costs of an hour of down: time )

R - Business losses m term of repudabion and
buginess accountability {Subjective)

{i : Lost reliable relation with pariners and
suppliers {Goodwill-Subjective)

AL Cost trache off between Tier (11 and Tier TV
(A from Table 2, is (S35 Milfion)

AC gould be m vastly vanation subject to
component beands, component’s mberent characteristics
(ZICY, and system connectivity topology (SCT). Dnin center
gite relability! availability iz depended on the details of
component selection (CC), svstem conneetivity topology
(2CT) e senes-parallel, k-out of-n, bridge, and active-
stamdby mode,

A Ay lncreasing site avalabality from Tier [1 1o
Toer IV
L. = (Empfovees costhour * Emplovess’ affected by
antage} + Lvg, Revdaur * Rev, affected by owtage) +

H
Z {dve Lawsuiteonr*®™Vo, of Coniraci(f 1) + (Brsiness-
i=]

Repufation lost 8 custemers: Subjeciivel + ¢ Loss of
Goashitl fo partiers and sippliers: Subfectte)

{Patierson, 2002}
Loat pevenue per hour will differ from business o

busmess, =g Brokemge cperation $545M, Credit cord
anthorization $2.6M, Fhay $225K, Amazon.com $1R0E,
Cellular service activation $41K, nd ATM service [ees
SHE (Patterson, 20025

The factors that soneerns are depended on mbonsle
tradia-ofT Lwarefess, &5 seen in equation (1) of each
busimess type Tequirements. The optimal point eonsideration
of data cender gite availability and investment costs derived
from the slope s Fig | together with the result from RO

Tiwr Ol
'} -
=] ,‘r
Ta
b o
o ,‘ A

_.-'ﬂ *"__ Siaterty
o i — i A LI T
L L 1]

Fig. 1 Optimum availability snd mvestment trade offs
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R+ G{ant LY=AC  Equation (1)
Business lest 1 nod only depended on type of
business bt also depends on tome as seen m Fig. 2 The
relation for business lost and on pomg tme will be
wxponeniial comelation as seen in Eguation (24 Example of
internotionn]l bank operates by time zone (Storing Peint
from Jopan o Alstralia, Hoog Kong, Singapore, and
Thailand). The tmnsactions between each country will
transfer overlap by tme 2one. Thus, the siwe effected,
irnsactions from Japan io Australia will start fist follow by
Japan 4o Theiland, Japan 1o Enpland and so on, of data
center downtime will sceumulate ind inereasing damoge os
a chain nsction as shown m Fig 2 (Accumulition function

Hlgnh

Assumption each dovn time storting by @ =1 and
# equul o7 grater than 1 howrs)

CostiMi
[ 1

lnfiad Lasd

-
1] 1 z ] 4 3 . ]

Frg, 2 Timne dependency pecvmulotion losses

&
fga)=Y L V=1 Bqaion 2
i=l

Fiji, ey Trme dependeney acourmulation losses

L bl b Ny Cosk

Trl

I

Brvaba bty Lavels —p : i
e
Fig. 3 Data Center Design Concerns-Availability v.z Cozt
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The comelation of dafa center investment and
ovailability illustrtes m Fig. 3. From case study, if’ data
conter downlime eost 15 around USSIM per hour, an
mvestment on Tire IV will payback withm 5 DC
downiimes, The opiimal point of avalabality and cost irade-
offs will consider from Egration (1) and Equation (2
comnpare to DT investment. Optimal DC avilability range
dilfers from busimess 1o business subject to levels of
Eguation (1) and f(Ly; ) aceeptant losses. However, the

simitlataon result shown hogh mvestment wall ol gan logh
availability beyond the mverse availability pomt, as
depicted in Fig. 3, (Pra, Beert and Kuyken, |998),

VL RELIABILITY ELOCK DIAGRAM (RBD)
SIMULATION

The Tiphme Instiiute’s Tier performance stardand
provides a high level guideline tut does not provide speeific
dezdgn details for Tier 11T and Tier TV, Thas, the avidlability
and method that used for caleulation may be differcd by
each moddel simubatem, It is depended on the component
desipgniselection (CIC) and connectivity maodel (SCT) that
applied to data center design. Availability level depends on
the faetlity designer o elassify the importance and level of
quality. for i array of electronic components. This
compriscs of components c.g standby uhility, standby dicscl
engine, UPS configuraiion, power disiribagion redundaney.
und EPO systema. The up time of AC power in the USA ia
approximately 990E3S (ax PO of Japen and Western
Europe} or comesponding to 100 minues of downtime per
wear (APC, 2004, Thas is an extremely real obstruction o
accomplish 99.945% up time as Tier IV critemn.  This
seclion execuisd the CIC analysis o the [EEE 493 Sid
Gold Book Metwork Svstem, using the simulation software,
Blocksim T, and alwo depicts the analyss nesull comparson
such disgrum, bs seen DC Tigr IV m Fig4 and DC Tier 11
i Fig$, system availability, failure e of system, and
probability density fumction of data center Tier T and Tier
I'V (Wang, el al., 2003

A soltware smmwlation, BlockSim 7. applied
conceptual of RBD representing the standard network dats
of MTBF, MITRE, SCT, and meimain procedurs as mput
data of cach Block fromn Table | Based on equipment
relishiliy  data, CIC, the availabiity of data centes
calculated fromn the consistency of power  distribution
system, ag seen RBD of Tier 1V in Fig.4 and Tier 011 in
Fig. 5.

i The power constslency disinbution syslems hove
been assssed by simulated operating dugation during 3
wyears | 1826 days or 43824 hours). The infermuption of cach
foad point measured in term of frequency and duration of
intermupted oceumence of ench component or stubsy slem,

The mesult for simulation of Figd  system
component by softwore Bloek%im 7, dota center Tier [V
network disgram has shown the  system mean time
62,261 5057 hours sz Figs, and system fwlure e
19.2688E-6. The result for simulation Tier 111 as Fig3,
network disgram has shown fhe system mean  Hme
4227175 hours as Fig?, and syatem failure rate
24.6105E6, The difference of fmlure rate of Tier ['V ond 111



18 3341 TE-6 snd system mean time is moeneased 9,983, 33
hours or arcund 33264 day from Tier T to Tier IV,
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Fig. 4 RDB of DC Tier IV system

VIL DISCUSSION

When discuss about the mvestment for data center
the major facters that should be concentrated on at the
owsel stage such as type of business (caleulated cost of
down time), component selection (CIC),  methodology
integration (30T, reasonable system availability target, anc
operation and mamteninee munning cost of & life tme data
center, These faciors are mapping 1o ertieal level and
system availability requirement 1o compensate downtime
eost, As seen in equation ¢, The selected solution should
be made up by owner but supporting information must be
goncluded i term of data sheet comparison with prosfcons

102

of each solution from intemall and external consultant or
expeTiias,

oo oels

{

Dneaaa{s)

Fig. 5 RBD of IXC Tier 11 system

The advantage of RBD simulstion 15 given &
desagner ehance 1o adapt and modify the optomal result of
component  costs and  connectivity  methods _apainst
availability fevels. Moreover, RBIY simulation is proved a
shortage time of dat center reliability design process and
foreseen an. avarlability bevel deeps in detiil design of
eomponent and subsystem topology.

VIIL CONCLUSIONS
The company that no experience for @ crisis Jost
will difficult to estimate the business lost per hour
However, lesson leams from what compapes m their
busimess doing will be the benchmarking guidelines, RBID



results ware comparable 1o those of the previows tesied Tier
111 and Tier IV availability, Moreover, RED simulation can
help designers buald fo g specific avmlability level on therr
own budget and allows data center owners to evaluste their
own design. This will be comesponded with the financaal
investment that needs (o compensate with the dowmime
Tost, Actually this cost can defline as nsurmce cost of
business.  Understinding  the  business's  availability
requirements, nsk folerance, penalty downtime lost, and
budget capabality, an appropriste design can be optimized
data center’ system reliahility/ avarlability and investment

COsks.

Fig. 7 Tier 11l System Mean Time
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