bl

(s el [




daial)

o Al Y5 i 1 0 sall (IS G Fadiiall Lin 1 631 geac g (g5 piall 5 galal) o 8l
la sladll

Q&)&AA@MM}M}HJJLQJS&@L&M\AJSUA;:JAU_!\AMQ
B)}A&&Q&M\Lﬂ)ﬁﬂﬁ)}au@\e&‘)um >
Adi e Do ge JS5 e laglrall o ind i e de shile L sall Caje Levie >
A dgieS cla gl e 5 jle @lld IS dgladl 8 4l ) geanl) dia il slaall (330 5 oLl L) a8 23
Qi JG e GliSall 8 Sl glaall o 535 &5 ¢35l g1 a0 &5 Ladie (35l (e il e il glada
LBl JSal) ) s bl JSAN (e il slrall (a2 jall i ¢ gualall B ) b
s3gd s La S 8 il slaall 028 S (3 385 Camg s S IS L 3li) o3 3l Clla sheal) 40aS il 3 9
i Ul gl il 381 a8 daa Cled shue a5 cdagal)
Al sl pla a0 O ) Zlisg Y 5 Lea )5y il sbaall G 5880 cai S GSal - oa il 58
Ay il 138 (oYL e (add Jeal Ladie | agilerd] Lot il clilnd) S e 8
Sl bS8 o s ecliball 3S) e Lgaai ) cleaaldl Jaally
Jsa sl AilSa) el e (galall aadiiuaall Jan JS30 sy sea wicloud sl Al 3 jaa (i jisY)
Clazall o SN delicall oda callatiy 3 S deliva 488 ) 5 daeall 45 58Y) o2 435 Ci yuY) 4<us )
cloudd! s Llaull e 48 jidall anl 8l o AN (5 g Lgpal Gl 5 Aabial) 4yl 4o

Server g addd) oo Jlxd Slea o i) ) ge ol Adlainl a5

O a0 8 g (o Cilaglaall ()35 o gl s Aima Abos Slilas o) jabiash i Jlea s il
Sl ey (SSD) dalall Al (al j81 & jaa s (HDD) Al al Y1 & jae Jie cdgladll Uil
Lile Slali cola 5a (pila s 355 a3k elelaSh clanall g diail) Apll o Jalially bl S sal dgiail

O oA Aalal) oyl sl dual g «clilnd) 380 50 o dalad) appliall QUSH 138 (e skl ¢ jadl Cauay
A Hl) il slaal)

lead) daladl Cam 5 33 s gall UL 3S) ye gl 581 8 Lo

fliball 3S) e ae (38153 O g ) el 8 L

Lgda 5 A8 yidall aaaliall 5 Ledy )5 bl 35S0 e Jsa dpnbad Cilalaa e Liagd QUSI 138 (5 giay

(e saill i) S e 8 Lebirdn o U1 Chaas ) JSLED) o La g eclilad) 30 pe aladin oy (S g 1Ll
Led daclall 3815l s (ICT) VLaiV) s e slrall L o 5S35 Cilana Jneill 45 U A8 aladiin o3y
adlsall Jadi il g Al oSl A8 (e 0045 () sa VLAYl e shaall L gl 635 Calana Sl

(2)



aldas Jadis il g (381 yall LeSlgiuid 4l o<l A8Ual) e (5 AY) 955 I Lol clSuill g oy il ¢ 5laa g
) Ly 3 LY 5 ¢ i suaSll 48 )2 o) o ClaSag (1 yall 5 ¢ Axdasiall yue A8UAI) Chlalaa) 5 AUl &OSF
REIX)

AL oda ALKt dadlal) L ) gaf Al Las

ale gl Ayl ABaa (e 1EO (e YY) Adas pdali) (Y] cila 1)) - alugdgle ) e ol O
[(3651) il 5 (1376) se_sil 5 (2880) 2512 sl 5 ¢(1631) aluse ol 5, (A s 1 pellia Al g g) ey adily

Cra ) Gally Y cAng (pa psal Jia ) Cpe 4l S Lc.a‘;,..>>((,m5@x“m};‘a) Al
(2674) rslum c\j) ((__uﬁ,-di PAJJ%‘

sl ool B 5l el pual ) Leale (ol 38 Cpan 4Dl g aladl JAY 028 lle y sy o 2l e
L) Caraa g e liay A6y o jina 8 Allie 8 cldadl §f ¢l Cabra

alind (S e 815 ecye 4d s V) damd (53 W5 iy Vg alle (e Gl " 1 (R03) cpeall (i J
Dl sie oY Al dlal gl aels " ALl Caad ailiali e (e (e 40 LS caliadl duali b 4aii (SIS
48/2

e 13 5 ofs sbsall S8 Al i sbase e da sl Gulae Cule 13 (R181) dlsall (i ) 2o g
JstsY) B 352/8] il Sl Slef " Cpulaall JSX A sl e g5 gl

Yl cl ) A - Lol eLadal) Led gl AWK - A596 A A gial) Aluwdl Gaa )l de alll B g
138 a8 glg Cpunion G135 sly comal G108 e Jreae & JB Y ag 8 LS ol (i

). o) dlea Ao i) oSinl e s s 5 Gl alaed e 138 5 cdeal G138 & g3 gl cJuadl (S
(456 =) s el Al sl Al WSl WSy

s dol [ Gudiga
Ao £b ¢S dadi g uasal uikige

&3 gad! dg yalt ASkaall- y2U I

Eng.Ahmedessa2020@gmail.com



Data Center<blal) S ja iy

Lardiaal) slan) Gy dalii "l € 50" mlhiadS 5 AY) slanl) s aa g

Data center, data hall, data farm, data warehouse, computer room, server room,
R&D software lab, high-performance lab
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Estimated number 2006 electric
Estimated servers ~ Typical sizein  of facilities (inthe ~ use (billion

Facility types Volume servers per facility sq. ft. (m?) United States) kWh)
Server closets 1,798,000 1-2 <200 (19) 900,000-1,500,000 35
Server rooms 2,120,000 3-36 <500 (46) 50,000-100,000 43
Localized data center 1,820,000 36-300 <1000 (93) 10,000-13,000 42
Midtier data center 1,643,000 300-800 <5000 (465) 2,000-4.000 37
Enterprise-class data center 3,215,000 800-2000+ 50004 (465+) 1,000-2,500 8.8

Sl 38 5 g1 e WA apaud ais Wall £ ga sl Sa Al cciliial gall g cibllaial)

» Uptime requirements

» LEED Rating Systems

» ANSI/ASHRAE/IES 90.1-2010: Energy Standard for Buildings Processing
Environments—Expanded Data Center Classes and Usage Guidance

» ANSI/BICSI 002-2011: Data Center Design and Implementation Best
Practices

» ANSI/TIA-942-A (August 2012): Telecommunications Infrastructure

Standard for Data Center

Data Centre Code of Conduct Introduction Guide (EU)

2013 Best Practices Guidelines (EU)

Outline of Data Center Facility Standard by Japan Data Center Council

(JDCCQC)

» Code for Design of Information Technology and Communication Room
(GB50174-2008
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Standard > UpTime EPI based on | BICSI based on $S-507 EN-50600
J Guideline [USA] TIA-942 [USA] | TIA-942 [USA] | [Singapore] [Europe]
Conformity Tier:1- 1V Rated:1-4 | Class:0-4 Pass / Fail Class :1-4
Availability of \
Yi Y P Y Y Y
Standard es es (Paid) es es es
Certification Available Available Not Available Available Available
Tier Standard Electrical Electrical Electrical Electrical
m Mechanical Mechanical Mechanical Mechanical
— Distribution Distribution Distribution Distribution
Scope of Sy Architectural Architectural Architectural Architectural
Distribution
Topology Telecom Telecom Telecom Telecom
Site Location Site Location Site Location Site Location
OS Standard A ; ; !
Safety-Security | Safety-Security | Safety-Security | Safety-Security
Other Element o L9
Efficiency Efficiency
Incorporation Commercial Non-Profit Non-Profit Non-Profit Non-Profit
Accreditation No ANSI ANSI Spring EN-CENELEC
Training Event Yes Yes Yes No No
Auditor UpTime Only | Multiple ORG N/A Multiple ORG N/A
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ISO 9000: Quality management
ISO 14000: Environmental management
OHSAS 18001: Occupation Health and Safety Management Standards
ISO 26000: Social responsibility
ISO 27001: Information security management
ISO 50001: Energy management
ISO 20121: Sustainable events

ISO Standards =¥ sulaa
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Traditional
Legend

Security
w Office space

Weakness legend

@ Shared common area
3 Geographically
pY tethered

@ Cascading failure risk

Not optimized for
% moves, adds, or changes

@ Not brandable Shared
office space

Cannot be Level 5
b commissioned for growth

e Must prebuy expansion space Shared storage

space and
@ Common rack density

loading dock
@ Not hardened
@ Limited data floor space

Expansion
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Monolithic modular

(dedicated data halls)

Legend
Security
Segmentable
% Office space backplanes
Weakness legend Expansion

space

@ Shared common area

3 Geographically

% tethered

@ Cascading failure risk
Not optimized for

% moves, adds, or changes

YOouR

35 Not brandable

HERE Shmd
Cannot be Level 5 office space
5 commissioned for growth
o Must prebuy expansion space Shared storage
—————  Weaknesses —— space and

loading dock

@ Common rack density
% Not hardened
@ Limited data floor space
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Container solution

Legend

Security

g Office space

‘Weakness legend

@ Shared common area

0y Geographically
k tethered Expansion
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Cascading failure risk

Not optimized for
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Monolithic modular

Weakness legend

@ Shared common area

X Geographically
Y tethered

@ Cascading failure risk
Not optimized for

% moves, adds, or changes

K55) Not brandable
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Q Cannot be Level 5

b commissioned for growth
e Must prebuy expansion space Shared storage

space and
@ Common rack density

loading dock
% Not hardened
@ Limited data floor space

(prefab data hall)
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Table 1. Overview of common data center archetypes based on size (IT power), data center function [Val de Ha et
al. (2014), Garcia et al. (2017)]

Items | Classification Data center size (IT power) | Data Center function/objective

1 Server room < 50 kW

Supporting enterprise DC

Supporting enterprise DC

Business critical enterprise DC
Co-location DC

Hosted or Cloud Services Providers
Supporting enterprise DC

Business critical enterprise DC
Co-location DC

Hosted or Cloud Services Providers
Business critical enterprise DC
Co-location DC

Hosted or Cloud Services Providers
Business critical enterprise DC
Co-location DC

Hosted or Cloud Services Providers
Co-location DC

Hosted or Cloud Services Providers

2 Very small Data Centre 50-250 kW

3 Small Data Centre 250 - 1000 kW

4 Medium size Data Centre | 1-2 MW

5 Large Data Centre 2-10 MW

SN N N N N N R N N NN SR NEN RN

6 Very large Data Centre >10 MW
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System Units Data Source Duration
Total recirculation fan (total CRAC) usage kW From electrical panels Spot
Total make-up air handler usage kKW From electrical panels Spot
Total IT equipiment power usage kW From electrical panels Spot
Chilled water plant kKW From electrical panels 1 week
Rack power usage, 1 typical kW From electrical panels 1 week
Number of racks number Observation Spot
Rack power usage, average kW Calculated N/A
Other power usage KW From electrical panels Spot
Data center temperatures (located strategically) “F Temperature sensor 1 week
Humidity conditions R.H. Humidity sensor 1 week
Annual electricity use, 1 vear KWh'year Utility bills N/A
Annual fuel use, 1 year Therm/year Utility bills MNiA
Annual electricity use, 3 prior years kWhiyear Utility bills NiA
Annual fuel use, 3 prior years Therm/vear Utility bills NiA
Peak power kW Utility bills NiA
Average power factor ] Utility bills NiA
Facility (total building) area sf Drawings NiA
Data center area (electrically active floor space) sf Drawings N/A
Fraction of data center in use (fullness factor) T Area and rack observations Spot
Adrflow CFM (Designed, Test and Balance report) MNiA
Fan power kW 3D true power Spot
VFD speed Hz VFD Spot
Set point temperatiire “F Control system Spot
Return air iemperaure H 10 k Thermisior 1 week
Supply air temperature “F 10 k Thermisior I week
EH set point RH Control system Spot
Supply EH RH RH sensor 1 week
Return RH RH RH sensor 1 week
Status Misc. Ohbservation Spot
Cooling load Tons Calculated MNiA
Chiller power KW 3P true power I week
Primary chilled water pump power KW 3D true power Spot
Secondary chilled water pump power kW 3D true power 1 week
Chilled water supply temperature “F 10 k Thermistor 1 week
Chilled water return temperature °F 10 k Thermistor 1 week
Chilled water flow gpm Ultrasonic flow 1 week
Cooling tower power KW 3D true power 1 week
Condenser water pump power kW 3P true power Spot
Condenser water supply temperature °F 10 k Thermistor 1 week
Chiller conling load Tons Calculated NiA
Backup generator(s) size(s) kVA Label observation NfA
Backup generator standby loss kW Power measurement 1 week
Backup generator ambient termp °F Temp sensor 1 week
Backup generator heater sel point o Observation Spot
Backup generator water jacket temperatiire “F Temp sensor 1 week
UPS load KW UPS interface panel Spot
UPS rating kWA Label observation Spot
UPS loss KW UPS interface panel or measurement Spot
PDU load KW PDU interface panel Spot
PD rating kWA Label observation Spot
PD loss kW PDU interface panel or measurement Spot
Target Units Data source Duration
Ouiside air dry-bulb emperature F Temp/RH sensor 1 week
“F Temp/RH sensor 1 week

Durtside air wet-bulb temperature
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Active Capacity Components

to Support the IT Load Ls) R bt After Any Failure
Distribution Paths 1 1 1 Active and 1 Alternate 2 Simultaneously Active
Concurrently Maintainable No No Yes Yes

Fault Tolerance No No No Yes
Compartmentalization No No No Yes
Continuous Cooling No No No Yes

Active Capacity Components

fo Support the IT Load 5 plsae et [ Fe
Distribution Paths 1 2 b 1 Active and 1 Alternate 2 Simultaneously Active
Concurrently Maintainable No No Yes Yes

Fault Tolerance No MNo No Yes
Compartmentalization No No Yes Yes
Continuous Cooling No MNo No MNo

This chart illustrates Tier similarities and differences

TIER | TIER I TIER 1 TIER IV
Number of Only 1 Only 1 1 active 2 active
delivery paths 1 passive
Redundant components N N+1 N+1 2 (N+1) or S+S5
Support space to raised floor ratio 20% 30% 80-90% 1009
Initial watts/ft* 20-30 40-50 40-60 50-80
Ultimate watts/ft* 20-30 40-50 100-150 150+
Raised floor height 12" 18" 30-36" 30-36"
Floor loading pounds/fft* 85 100 150 150+
Utility voltage 208, 480 208, 480 12-15kV 12-15kV
Months to implement 3 3to 6 15 to 20 15 to 20
Year first deployed 1965 1970 1985 1995
Construction $ft* raised floor” $450 $600 $900 $1,100+
Annual IT downtime due to site 28.8 hrs 22.0 hrs 1.6 hrs 0.4 hrs
Site availability 99.671% 99.749% 90.9829% 99.995%
= mnd ard ot 18,000 B+ of relsed Noor, archis: urmily plein one .—1- ted oul with iitiel capscly, bul with ihe beckbone

L1 L capacky with the Inaisllaiion of addilonal Sompo rente. Maks Y C go, and othar high cost ansan

Table 1 Source: The Uptime Institute© 2001



Details

Tier | [1]

Tier IV [4]

Tier Il [2] Tier Il [3]

Basic Redundant Site |[Concurrently Fault
Capacity Infrastructure |Maintainable Tolerant
Active components Normal Normal+1 Normal+1 Normal
supporting the IT Load After any
failure
Generator System Primary Power |Primary Power Primary Power Primary
Source vs Source vs Source vs Power Source
Utility Utility Utility vs Utility
Electrical Distribution 1 1 1 Active 2 Active at
Paths 1 Alternate same time
Cooling Distribution 1 1 1 Active 2 Active at
Paths 1 Alternate same time
IT EQuipment Power 1 1 1 Active 2 Active at
Paths 1 Alternate same time
Concurrently No No Yes Yes
Maintainable
Fault Tolerant No No No Yes
Compartmentalization No No No Yes
Dedicated IT Area Yes Yes Yes Yes
Dedicated Cooling Yes Yes Yes Yes
Equipment
Sufficient IT capacity No Yes Yes Yes
when a critical
component is removed
from service
UPS Systems Normal Normal+1 Normal+1 Normal
After any
failure
Make-up Water Normal Normal Normal+1 Normal
[12 hours [12 hours [12 hours After any
storage] storage] storage] failure

(33)




Details Tier | [1] Tier Il [2] Tier Il [3] Tier IV [4]
[12 hours
storage]
Engine Generator Prime Prime Continuous Continuous
Rating
Engine Generator/Fuel Normal Normal Normal+1 Normal
Cell [12 hours [12 hours [12 hours After any
storage] storage] storage] failure
[12 hours
storage]

cililad) 381 el Laaigl) 4y Redundancy schemes 4w i Cilahilal)

i schemesiabail s Al 3LEY) a5 Redundancy schemes Clahas 8 kil (g 59 pall (0
Sneed" 4 s 5N

Alexd (5 )5y Lgie S cdalgll U sSall (ol aae (e ol gl ()5S
P ) ) Sl cilabda e B ki LBl Lige s

JS BB ga e piilie JSG pUail) 48 68 0 Aiad | il Redundancy e JLall 1aa (g sy Y
132 Jandl e alaSh alall (a8 giy cJasd) (e ol sSall aaf i 5 13) celly e sl S juaic

. 100% Load/Running . Part Load/Running . Off/Failed

el L

EL L

[M] [N]
IT Space IT Space
Data Hall Data Hall
’ N r [300KW] [300KW]

Mormal Operation Failed Operation

(34)



Normal Operation Failed Operation

IT Space Data Hall IT Space Data Hall
[300KW] [300KW]
N —
UPS Output UPS Output
//' Nl 4} [
PS5 PS5
® T [§] [acorw @ i [7] |200kw
‘N’ e =
Lvse LWSE
//’ L1} % L}

“N” Feed-A -—> Load <100kW

~ ~
L ity Transfer Backup
2 Supply Switch Supply
1]
Power Distribution
4
' N
UPS
=49
. M >
PDU
, . 4 -
pment | | ™™ Mechanical N
'ICTEqu [ | Equlpmm] [ Crh:cd]
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M-LV58
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"I Uity WH::;*" | lIransfnrmer . Lvse LIPS System -+ UPS Output
noc:mrner ¥ | y. [N] [N} _/,r ]
™ : IN] 7 v
GEN SB
N1
(o Power Distribution
Board
M
— ]

e Generator [N]

Fuel System
L}

IT Space
Data Hall

N= 3 UPS modules
Single path




Tier 1 N = 2 UPS modules

Basic Capacity Single path
Generator
Function Tier |
Active Capacity Components to N
Support the IT Load
Distribution Paths 1
Concurrently Maintainable No
Fault Tolerance No
Compartmentalization No
Servers Continuous Cooling No

UPS Capacity —
“Need” versus Redundant

e
“'1@ I lx
Basic 500
N= 400 kW
\
BB | sys At
| | \LIK
Redundant Efr®
Elsee] | N=400kw Ex
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300KW 300KW 300KW 300KW
[N] [+1] [N] [+1]
IT Space IT Space
Data Hall Data Hall
'} I [300KW] [300KW]
N+1
MNormal Operation

Failed Operation

Normal Operation Normal Operation
IT Space Data Hall IT Space Data Hall
[300KW] [300KW]
1 | | 1 1
(’; ups;:::pm 1 (’//‘, m;azpm 1
O N gleo @] T 00w @ TN pleo @] THT oo

‘N+1’
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L

1 1

“N+1” Feed-A

Load <100kW




300KW J00KW 300KW 300KW 300KW
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[N] [N] [N] [+1 [N N [N] [+1]
IT Space IT Space
Data Hall Normal Operation Data Hall Failed Operation
i I [1800KW] [1800KW]
N+2
[N] [N] [N] [+1] [N] IN] [N] [+1]
- Jol=_ o= Je(- @ t e Joe= Je(= Je
300KV S00KW 300KW 300KW. 300KW S00RW 300KW S00RW
Nermal Operation Failed Operation
IT Space Data Hall IT Space Data Hall
[300KW] [300KW]
1 I | | | I
nnnnnn #5 Cutua
—_— N P a

| [ | | |
o[ R - of s m]m O " e of g [,ﬂm o[ s rﬂ]m o( sz m
| | [ [ [

N+2! (= < ) (= % )

+1
p
) Utility Transfer Backup *
Supply Switch Supply
Power Distribution

PDU

. (U +1 )
( ) Non-
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IT Space

UPS5 System Data Hall
11

Generatot [+1] I

_..T{_-.. = N= 3 UPS modules
__..-”;_?...I. 1 * Single path
] @ = Adds redundant UPS

= module
=
2
1 :
_cﬁni_c.ulnnﬂi_m}ii&-"_"l_"_"_“_“'!
! BusA - ]
—_—re—TETTTT 400V
e e e
HYUBHE £
I: { ] i 1ESIORY
a0 l
PDU Ax
Tier Il ' N =2 UPS modules
Redundant Single path
COIIIponentS Adds redundant UPS module
Generator
u - -
l_l?_? Function Tier 1l
- Active Capacity Components to N-+1
:‘)H—)*I Support the IT Load
[:I [] [] Distribution Paths 1
SUPS=N+1
:’“_:I:____\____:_‘: Concurrently Maintainable No
ups - T o oo -
77777777777777 b Fault Tolerance No
ups-) ———1
______ ,i‘l _. ;_?]:‘:_ Compartmentalization No
1 1 1
L ==
Servers Continuous Cooling No
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Mech Distribution A

Main Distribution A

O,

“N” Engine-Generator
System Capacity

Mech Distribution A

G

©A,

1
‘®s

A an

= UPS Input Bus A ]::l UPS System A -;— CritDist Bus A !

I ot o kg - I



Concurrently Maintainable

o P I-----'.,! rou |
Ry R i s S i e i+ L e |
+1
™™ Mechanical S
~ Equipment
s L

i I & g IT Space

£ unitiry HV Switch- | LVSB Data Hall
Incommer - - Board 1] /’: 1] —
1+ S )| ‘
—_—
~ UPS Qutput
P
™
Power Distribution
M-LYSB Board
— o S0 S e
= e
GEN 58
ahes Ll
Fuiel Systern
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Tier Il N =2 UPS modules
Concurre nt|y Adds second critical distribution path
Maintainable Adds means to maintain UPS system
Generator Generator
u U 5 i
i ?_? o Function Tier 11l
i i i “"‘\!lmj“”s Active Capacity Components to N+1
! i 7 ﬂ) : T R S Support the IT Load
N -m Distribution Paths 1 Active &1
| ‘ (| Two Paths Alternate
e _T"T“: Concurrently Maintainable Yes
o Y RS o
el w0 ges
i ] ! Fault Tolerance No
=
ittt gl e Compartmentalization No
ot e 5 L L L
—
= Servers Continuous Cooling No

* N= 3 UPS modules

« Adds second critical
distribution path

* Adds means to
maintain UPS system

LV EG B Source

1 Critical Distribution : TR TR 17" Crifical Distribution |
i Bus A : (’

BusB

ek = Hangk
P : i
R ‘,,,,J | e |
PDU Ax PDU Bx
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Mech Distribution A

Computer Room Cooling A I
1

Chilled Water Plant & :
!

House Power A "

N= 3 Engine Generators

Engine-Generator
Paralleling Bus A

o=
Critical Distribution Bus A

Main Distribution A

UPS input Bus A

!

House Power B !
| e e e e
Chilled Water Plant B

Mech Distribution B

g

Engine-Generalor
Paralleling Bus B

—

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

T m—

Mech Distribution Bus A

I ‘
| i T :
: L] []

| | I

Mech Distribution Dus 0

r=1~TH : 1
ol | R B ipenie o w al
: | {}-ﬁ—:UFsrnputhAE UPS System A -t— Crit Dist Bus A
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Engine-Generator| ' | . Anstatt
System Capacity S L

| e e e o
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Engine-Generator
Paralleling Bus A

Engine-Generator
Paralleling Bus B

Main Distribution A

UPS Input Bus A Mech Distribution Bus A

Mech Distribution Bus B
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Normal Operation Failed Operation
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Fault Tolerant

=k = Hxwa)

@-) | =28 &3 @ -]

4
#
J
oy
>
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Tier IV N = 3 UPS modules
Fault Tolerant Dual path
Generator Generator
U 3 U 4 .
\_tE_? Distribition Function Tier IV
Paths
T S e o Active Capacity Components N
(et P p = 7 = toSupport the IT Load After any Failure
[] [] [} 3UPS =N Distribution Paths 2 Simultaneously
Active
g, I, S i ot Concurrently Maintainable Yes
L= I S . a1 el
uUPs .ups| ups  _.ups|
A =] i : =] E Fault Tolerance Yes
1 T T h | T T T T T H
1 ¥ e '
1 o i s v o
R D Al Compartmentalization Yes
e e
[  S——
— Servers Continuous Cooling Yes
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N= 3 Engine Generators

Tier IV requires autonomous
response to failure

Engine-Generator
Paralleling Bus A

Main Distribution A

UPS Input Bus A Mech Distribution Bus A

(49)

Engine-Generator
Paralleling Bus B

Main Distribution B

UPS tput Bus B



Multiple, Independant, Physically
Iselated, Systems with Redundant
Capacity Components and Multiple,

—
M-ALVSE
Independant, Diverse, Active - — — — e — 0]
Distribution Paths Simultaneously .
Serving the Critical Environment _I_/
11
' | . p ~
Hv;:‘,:” ! | Transformer o vsB UPS System - UPS Output
N L] o W N 73 N
» . - Ll V.
| § vty HV Switche il UBS Systami Poweer Distribution
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UPS Output
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Fuel System
] st N
Power Distribution
MAVSES Board
— o A NS
S
GEN 5B
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Fuel system
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/‘_
Copper Compression HTAP and . Bronze, Grounding Rod Clamp: WE
Clear Cover: HTWC ? > o page 23) connecled by a cable to
(see page 19) (U-Bolt Grounding Clamp)

e G et e, | e
%Emi) 6 ‘Busbar Label (see page ‘!}5}?

Copper Compression, Two-Haole, Long

Telecommunications Grounding and Bonding

Barrel with Window Lug: LCC-W Conductor Label Kit: LTYK

(see pages 16-17) (see page 15)
4 Bronze, Water Pipe Grounding Clamp: KP
© (see page 23)

b _d




Back of Racks Shown

"\
memmm Grounding |
Eseﬂpﬂgﬂﬁl '

Telecommunications Grounding and Bonding
0 Bronze, u-mtﬂmdlngmm GPL 0 it E
* (see page 15)
g
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Back of Rack Shown

~[“Electrostatic Discharge (ESD)

Painl Piercing Grounding
L Washer Kil: RGW
(see page 13)

I~ Bonding Screws are used lo
mount patch panels 1o the front of
the rack: RGTBS (see page 14)

- Equipment Jumper Kit 24" L, 90° Bent: RGEJ
{see page 12)

Port Kit recommended for
use on front and back of rack:
RGESD (see page 13)

- Rack Grounding Strip Kit: RGS
(see page 11)

- Equipment Jumper Kit 36° L, 90° Bent: RGEJ

(see page 12)

-+ Commaon Bonding Network (CEN) to

Rack Jumper Kit: RGCBNJ
(see page 11)

—
whe,
 Equipment Jumper Kit 24° L, 45° Bent: RGEJ U
(see page 12) | i
-
abdy
-

+ Common Bonding Network — typically #2 AWG
bare copper code conductor is used underfloor

b 4




Telecommunications Room Grounding Roadmap

Back of Racks Shown

Telecommunications Grounding
Blﬂlrflﬁﬂ)andmlsbmiahel
~ (see page 15)
Grounding Clamp: Telecommunications Grounding and Bondi
B';’," o, 0 cmnﬂrmaﬁ.i‘:Lm o
(see page 15)




A P G

Euckborm (=" ruid )
Suspended ceiling area
_—GE TR TR GE
i !
£ q
3 4
TGB TGE

P TV Ay

Eackbrm pa iy
Suspended ceiling area

-

TGE

Sleewve — Flandd m
=
EaevE Pty

TEEB within conduit

ACEG — |
ld g ey
Cabde
= ___v probection
Electrical gl =
EF
GEC -
.
== BCT Source: BIGS! TDM Manual, 10th Editkon
Growndireg ACEG = Alternating current squiprment groorsd
electrode BC = Bonding conducion
Sy slem BCT = Bonding conductor for telecommunications
EF = Entrarcs facility
ER = Equiprnent room
GE = Growunding egualizer
GEC = Grownding electrede conductor
TEE = Telcommunications bonding backbone
TEB = Telecommunications grounding busbar
TMGE = Telscommunications main grownding bushar
TR = Telecommunications room
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Snag e
TEE Length
== han 4 [13) 8
[ a-6 (14 - 20) _ a l
1% -ﬁ _a_‘2.1 qﬂ]-- 4 3. 4
8- 10{27 - 33) 7
10-13 {34 =41} 1 l
[ 13 - 16 [42 - 52) _ 1m l
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Following
Purpose Code Cables

Other connections to the TGB and TMGB, #5 AWG, green insulated
_including building steel, main water pipe, etc. |

Undearfloor CEN #2 AWG, bare

Connections to Underfloor CBN from pipes, #6 AWG, bare
 wentilation ducts, etc. |

Connection from Underfloor CEN to TGB 20 AWG, bare

Figure 5 - ofeth | earthing system consisting of the bonding
ted with the h system

Equipment installation class [lightning impulse voltage)

i
"

Scale of the installation [number of loops]

Geometric separation of circuits.

Separation of the power supply for sensitive circuits

Level of equipotentiality

Protection against the effects of lightning: structure and setup of the installation
according IEC 62305-4. See Legrand Power Guide Book 07
Protection against lightning effects [Legrand, 2009 ] for background reading.



MESH-BN -: Js¥ ¢ s

a) MESH Bonding network (MESH-BN]) - The Generic bonding network with a fine maze of
bonding conductors,

Bond conrections at all mesh ntersections
and betwaean meash amnd aguprment




MESH-IBN -: A4l g sl

b) MESH-IBN MESH lIsolated Bonding Network - Only the single point of bonding of the mesh is
connected with the protective bonding,

Bond connections at all mesh nterzections
and between mesh and equipment

STAR-IBN -: &l g il

c) Star IBN - an IBN deployed into a star network instead of a mesh network.

PBNC

l i L =
i [ =g .E_'
ad & - = 5.. 1

Local mesh earthing network Bording rmg conoucty
a) MESH-IBN via a star protective bonding b) MESH-IBN via a ring protective bonding
network network
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BAR
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Ip Bonding Conductor CSA Bonding Conductor CSA
Earth Bar Board/Panel (based on t OR cPC (half of CPC) Use
cpe) Minimum Size based on BS7671 - 544.2
MDE-AL 27.30kA] 1.0 sec] 115] 237 mm?| 240 mm 300 mm 150 mm* 240 mm?
IT UPS A1-1 (TYPICAL TO IT UPS A1-2) 22.10 kA 0.23 sec 115 92mm?| 95 mm’ 240 mm’| 120 mm* 120 mm?*
MECH UPS O/P-A1 19,60 kA| 1.00 sec| 115 170 mm?| 185 mm? 120 m’| 70 mm? 185 mm?*
MRDB DH-AL 7.80 kA| 1.00 sec| 115 68 mm?[ 70 mm’ 35 mm? 25mm? 70 mm?
MEB-A1 EB-DH1-MR-A 5.80 kA| 0.01 sec 115 5mmi|  10mm? 35 mm? 25 mm? 25 mm?
EB-DHI-BR-A 270kA] 021 seq] 115 11mm‘[  16mm’ 120 mm? 0 mm’ 70 mm?
EB-DH1-GEN-A 24.16 kA 1.00 sec 115 210mm?| 240 mm? 5,000 busbar| - 240 mm?*
EB-MV-A1 27.30kA] 1.00 sec 115 237 mm?| 240 mm? 240 mm?| 120 mm? 240 mm?*
EB-DHIA 5.70 kA] 1.00 sec| 115 50mm?[ 70 mm’ 35 mm’ 25 mm’ 70 mm?
BATT. T-UPS-A1-1 50 mm’
EB-DHL-BR-A  [BATT. IT-UPS-A1-2 50 mm’
CRAH-DC1-GFOL T10kA| 0.6 sec 115 Imm’]  4dmm’ 10 mm amm’ 4 mm’
EB-DH1-MR-A  |CRAH-DC1-GF04 1.10 k| 0.06 sec| 115 2mm’]  4mm? 10 mm’ 4mm’ 4mm’
CRAH-DC1-GFO7 1.10 k| 0.06 sec| 115 2mm’]  4mm? 10 mm’ 4mm’ 4mm’
GEN-AL
EB-DHI-GENA | CEMAUX DB AL 24.16 kA 1,00 sec 115 210mm’] 240 mm? 5,000 bushar| - 240 mm?
2.20kA] 1.00 sec| 115 19mm?[ 25 mm’ 16 mm’ 10 mm? 25 mm?
TX-AL 27.30 kA 1.00 sec| 115 237 mm?| 240 mm? 240 mm’| 120 mm? 240 mm?
EB-MV-AL RMLU-AL 25.00 kA| 1,00 sec 115 217 mm’] 240 mm? 240 mm’| 120 mm* 240 mm?
EF-DC1-GFO1 0.30 kA 0.06 sec| 115 1mm‘|  3mm? 4 mm’] 2mm’ 4mm’
EB-DHI-IDF-1A1 5.70 kA| 1.00 sec| 115 s0mm?[ 70 mm? 35 mm* 25mm? 70 mm?
EB-DH1-IDF-1A2 410 kA} 1.00 sec 115 36 mm?| 50 mm? 95 mm? 50 mm? 50 mm?
T TYPICAL IT RACKS (IT ROW A TO H) 70 mm:
ICT CABLE BASKET 16 mm
CRAH-DC1-1F01 1.10 kA 0.06 sec| 115 2mm}|  4mm? 10 mm? 4mm’ 4mm’
IDF-1A-1 DB 5A 3.80 kA| 1.00 sec 115 33mm?|  35mm? 35 mm? 25 mm? 35 mm?
EB-DH14DF-1A1 [IDF-1A-1 DB 5B 5.20kA] 1.0 sec] 115 45mm?[ 50 mm’ 35 mn’| 25 mm? 50 mm’
CRAH-DC1-1F03 1.10 kA 0.06 sec 115 2mm}|  4mm? 10 mm?| 4 mm? 4 mm?
CRAH-DC1-1F04 1.10kA] 0.06 sec 115 2mm’] 4 mm’ 10 mm? 4 mm? 4 mm’
CRAH-DC1-1F01 110ka|  0.06 sec 115 2mm’|  4mm’ 10 mm’ 4mm’ 4 mm’
IDF-1A-2 DB SA 3.80 kA 1.00 sec| 115 33mm’[ 35 mm’ 35 mm’ 25mm’ 35 mm?
EB-DH1-IDF-1A2 |IDF-1A-2 DB SB 5.20 kA 1.00 sec| 115 4smm?| 50 mm’ 35 mm* 25mm? 50 mm?
CRAH-DC1-1F03 1.10 kA] 0.06 sec 115] 2mm}| 4 mm? 10 mm? 4mm’ 4 mm?
CRAH-DC1-1FD4 1.10 kA| 0.06 sec 115 2mmi|  4mm? 10 mm?| 4 mm? 4 mm?
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p Bonding Conductor CSA Bonding Conductor CSA
Earth Bar Board/Panel (based on t OR cre (half of CPC) Use
cpe) Minimum size based on BS7671 - 544.2
MDB-C1 27.30 kA| 1.00 sec| 115 237mm?| 240 mm? 300 mm| 150 mm* 240 mm?
IT UPS C1-1 (TYPICAL TO IT UPS C1-2) 22.10 kA| 0.23 sec] 115 92mm?| 85 mm? 240 mm| 120 mm* 120 mm*
MECH UPS 0/P-C1 19.60 kAl 1.00 sec| 115  170mm’| 185 mm® 120 mm| 70 mm? 185 mm*
MRDB DH-B1 7.80 kA 1.00 sec| 115 68mm:| 70 mm* 35 mmv| 25 mm? 70 mm?
MEB-C1 EB-DH1-MR-C 5.80 kA 0.01 sec 115 Smm’]  10mm? 35 mm’] 25 mm? 25 mm?
IE—B-DHl-BR-C 2.70 kA 0.21 se| uﬂ 11mm?| 16 mm? 120 mm?| 70 mm? 70 mm?
|EB-DHL-GEN-C 24.16 kA| 1.00 sec| 115 210mm?| 240 mm® 5,000 busbar] - 240 mm?
| 27.30 ka 1.00 sec| 115|237 mm’[ 240 mm” 240 mm] 120 mm* 240 mm?
EB-DH1C 5.70 k| 1.00 sec| 115 50mm?| 70 mm?* 35 mm’| 25 mm? 70 mm?
BATT. IT-UPS-C1-1 50 mm?
EB-DH1-BR-C  |BATT. [T-UPS-C1-2 50 mm?
CRAH-DC1-GFO3 1.10 ka| 0.06 sec| 115 2w’ amm? 10 mm| 4mm? 4mm?
EB-DH1-MR-C [CRAH-DC1-GFO6 110 kA 0.06 sec uj 2mm’|  4mm? 10 mm’| 4mm’ Amm?
(CRAH-DC1-GFO9 1.10 kA 0.06 sec 115 2mm’|  4mm? 10 mm’| 4mm’ amm?
aOHL-GENC |OENBL 24.16 kA| 1.00 sec| 115 210mm?| 240 mm® 5,000 busbar] - 240 mm?
GEN AUX DB BL 2.20 kA 1.00 sec| 115 19mm?| 25 mm?® 16 mm| 10 mm? 25 mm?
TX-BL 27.30 kA| 1.00 sec| 115 237mm’| 240 mm® 240 mm| 120 mm* 240 mm?
EB-MV-C1  [RMU-BL 25.00 kA| 1.00 sec| 115|217 mm?| 240 mm® 240 mm| 120 mm* 240 mm?
[EF-DC1-GF02 0.30 kA 0.06 sec| 115] 1mm’[ 3mm? 4 mm’] 2mm? 4mm?
EB-DH1-IDF-181 5.70 kA 1.00 sec| 115 50mm’| 70 mm? 35 mm’| 25 mm’ 70 mm?
N EB-DH1-IDF-182 4.10 kA 1.00 sec| 115 36mm?| 50 mm?® 95 m’| 50 mm? 50 mm?
TYPICAL IT RACKS (IT ROW A TO H) 70 mm?
ICT CABLE BASKET 16 mm?
IDF-18-1 DB 54 3.80 ka 1.00 sec| 115 33mm’[ 35 mm?® 35 mm| 25 mm? 35 mm?
IDF-18-1 DB 5B 5.20 kA 1.00 sec| 115 4smm?| 50 mm? 35 mm’| 25 mm? 50 mm?
EB-DHI-IDF-1C1 |CRAH-DCI-1F02 1.10 kA 0.06 sec| 115] 2mmi| amm? 10 mn| 4mm? 4mm?
CRAH-DC1-1F03 110 kA 0.06 sec 115 2mm’|  4mm? 10 mm’| 4mm’ Amm?
IDF-1B-2 DB 5A 3.80 kA| 1.00 sec| 115 33mm?| 35 mm?® 35 mmv| 25 mm? 35 mm?
IDF-18-2 DB 5B 5.20 k| 1.00 sec| 115 4smm?| 50 mm? 35 mm’] 25 mm? 50 mm?
EB-DHI-IDF-1C2 |CRAH-DCI-1F02 1.10 kAl 0.06 se| 115 2mmi|  amm? 10 mm?’] 4mm? Amm?
CRAH-DCI1-1F03 1.10 kA 0.06 sec| 115 2mmi| amm? 10 mm| 4mm? 4mm?
Bonding Conductor CSA
1p Bonding Conductor CSA
Earth Bar Board/Panel (based on t k OoR cpC (half of CPC) use
cpe) Minimum Size based on BS7671 - 544.2
MDB-LL-B 14.90 kA 1.00 sec 115 130 mm?| 150 mm? 240 mm? 150 mm? 150 mm*
'FUPS-LLB-l 1230 kA 0.03 sec 115 19 mmi| 25 mm? 120 mm? 70 mm? 70 mm?
IT-UPS-LLB-2 12.30 kA 0.03 sec 115 19 mm?| 25 mm? 120 mm?| 70 mm? 70mm?
T MECH-UPS-LLB 10.20 kA 0.05 sec 115 20mm| 25 mm® 70 mm? 35 mm? 35 mm*
MECH-UPS-O/P-LL-B 8.40 kA 1.00 sec 115 73mm?| 95 mm? 70 mm?| 35 mm? 95 mm?
MRDB-LLB 7.40 kA 1.00 sec 115 64mm?| 70 mm? 35 mm?| 25 mm? 70mm?
GF-UDB-NOC/SOC-B 0.70 kA| 0.02 sec 115 1mm  3mm? 16 mm’| 10 mm? 10 mm?*
SMODB-LLB-GF 11.10 kA 1.00 sec 115 97 mm?| 150 mm?* 120 mm?| 70 mm?* 150 mm*
CRAH-OFF-GF02 130 kA| 0.06 sec 115 Imm  4Amm? 4mm? 2mm? amm?
CRAH-OFF-GF03 (STANDBY) 130 KA| 0.06 sec 115 3mm  4amm? amm? 2mm’ 4mm?
EB-ME-LLB CRAH-OFF-GFOS (STANDBY) 1.30 kA 0.06 sec 115 3 mm? 4 mm? 4 mm?| 2 mm? 4 mm?
CRAH-OFF-GFO7 1.30 kA 0.03 sec 115 2 mm? 4mm? 4 mm’ 2mm? 4mm?
CRAH-OFF-GFOB (STANDBY) 1.30 kA| 0.03 sec 115 2mm}  4mm? 4 mm’] 2mm? 4mm?
CRAH-OFF-GF09 1.30 kA| 0.03 sec 115 2mm?|  4mm’ 4 mm’] 2mm? 4mm’
GF-RDB-LL-B3 1.50 kA| 0.02 sec 115 2 mm? 4mm? 35 mm?| 25 mm? 25 mm?
GF-UDB-LL-B3 0.50 kA| 3.90 sec 115 smmy 10 mm® 10 mm’| 4mm? 10 mm?*
GF-LDB-LL-B3 1.50 kA| 0.02 sec 115 2mm?}  4mm? 16 mm’| 10 mm? 10 mm?*
GF-ELDB-LL-B3 0.50 kA 3.42 sec 115 gmm?| 10 mm? 16 mm’| 10 mm? 10 mm?
EB-BATT-LLB GF-UDB-BAS/EPMS-B1 1.40 kA 0.02 sec 115 2 mm? 4mm? 16 mm? 10 mm? 10 mm?
GF-UDB-BAS/EPMS-B2 0.80 kA 0.02 sec 115 1mm? 3mm? 10 mm?| 4 mm? 4 mm?
BATT MECH UPS-LLB 50 mm?
BATT IT UPS LL B2 50 mm*
BATT IT UPS LLB1 50 mm?
|GF-UDB-LLB-OT1 1.80 kA| 1.00 sec 115 16 mm’[ 25 mm’ 70 mm’| 35 mm’ 35 mm?*
|[EB-MDB-LLB-1 0.60 kA 1.00 sec 115 Smm?| 10 mm? 16 mm? 10 mm? 10mm?
EB-LLB-OT1-GF
IT Rack 10 mm?
IERE:I: 10 mm?
GF-ELDB-LL-B1 0.70 kA 0.02 sec 115 1 mm? 3 mm? 16 mm? 10 mm? 10 mm?
GF-LDB-LL-B1 1.30 kA 0.02 sec 115 2 mm? 4mm? 16 mm? 10 mm? 10mm?
EB-MDB-LLB-1
GF-UDB-LL-B1 0.50 kA| 3.79 sec 115 gmm?y 10 mm’ 16 mm’| 10 mm? 10 mm?*
GF-RDB-LL-B1 0.80 kA 0.02 sec 115 1mm?  3mm? 16 mm’| 10 mm’ 10 mm?*
EB-LB-OT2-GF  |CE-UDB-LLB-0T2 3.90 ka 1.00 sec 115 34mm?| 35 mm? 70 mm?| 35 mm? 35 mm?
EB-MDB-LLB-2 2.00 kA| 1.00 sec 115 17mmi 25 mm? 16 mm’| 10 mm? 25 mm?
GF-ELDB-LL-B2 0.20 kA 3.41 sec 115 3 mm? 6 mm? 16 mm? 10 mm? 10mm?
GF-LDB-LL-B2 1.10 kA 0.02 sec 115 1mmi  3mm’ 16 mm? 10 mm? 10 mm?
EB-MDB-LLB-2 - = . T
|GFuDB-LLE2 0.50 kA 3.86 sec 115 9mm’[ 10 mm 10 mm' 4mm 10mm?*
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How is the power supply configured?
Single or dual
Line-to-Line or Line-to-Neutral voltage
How much power will each server consume?
What is the power factor of the server power supplies?
What is the voltage/current total harmonic distortion (THD)?
0 Whatis the power supply inrush current?
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N+1 N+1 N+1
N Parallel UPS redundant Block redundant Distributed redundant 2N
Redundancy No redundancy One UPS capacity One system capacity One system capacity Maximum redundancy,
worth of redundancy worth of redundancy worth of redundancy two identical systems
Pros * Less electrical * Easier load * Reserve bus is = All equipment is = System separation
equipment management because always available in utilized provides true
required the power is shared case of outages and « Cost-effective solution redundancy on every
* Lowest cost: initial across UPS bus maintenance level
build and « Easy load
maintenance management
Cons + Outages and + UPS bus is a single * Requires installation =+ Requires installation of =« High equipment cost
failures will bring point of failure of load transfer load transfer capability = Increased
down server capability equipment equipment maintenance cost
cabinets + Low utilization of = Strenuous ongoing load
redundant system management exercises
leading to decreased to ensure adequate
efficiency distribution
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ELECTRICAL DESIGN

Parallel UPS redundant system

Normal operation Operation during a failure

Block redundant system

Normal operation Operation during a failure

UPS
R
100%

UPS 3
100%

UPS 2
100%

UPS 1

0%

Distributed redundant system

Normal operation Operation during a failure

UPS 1

66%
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Availability Scenario adail) 8 g cila 5 L
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M'l'IEI MTTF >

MTBF

Mean Time To Fail = MTTF Mean Time Between Failure = MTBF Mean Time To Repair = MTTR

MTBF = MTTF + MTTR



Symbol Definition Equations

s Failure rate (failures/h) A=1/MTTF
MTTR Mean time to repair (MTTR) per failure (h)
MTBF Mean time between failures (h) MTBF=MTTF+MTTR
MTTF Mean time to fail (h)
A System availability A=MTTEHMTTF+MTTR)=MTTF/MTBF
U System unavailability U=1-A
R Reliability R=e™
P Probability of failure P=1-e™
s System in series
j System in parallel
Series system Parallel system
Series equations Parallel equations
Failure rate A=A+, A =[4, 2, (MTTR +MTTR )J/(1+2, MTTR, +4, MTTR,)
Availability A=A xA, A=1-[1-A)x(1-A)]

Mean time to repair MTTR =[(4, x MTTR )+ (4, x MTTR,)I/(4,+4,) MTTR =(MTTR, x MTTR )/(MTTR +MTTR,)
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The denotes a system in parallel, whiletdenotes a system in series:

e Part 2=Part 1+Circuit Breaker+Cable+UPS+Cable+Circuit Breaker
Distribution Panel

e Part 3=Part 2+Circuit Breaker+Cable+PDU
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Standard data input Standard calculation
Availability (A)
Failure rate (4) A=MTTF/
Equipment MTTF MTTR (A=1/MTTF) (MTTF+MTTR)
Cable 3,500,000 8.00 0.00000029 0.99999771
MSB 2,500,000 24.00 0.00000040 0.99999040
Generator 500,000 48.00 0.00000200 0.99990401
Generator controls 1,500,000 8.00 0.00000067 0.99999467
PDU 2.500.000 8.00 0.00000040 0.99999680
Transformer 2,000,000 250.00 0.00000050 0.99987502
UPS 1,000,000 0.00 0.00000100 1.00000000
Utility 7.500 6.00 0.00013333 0.99920064
Circuit breaker 2,500,000 8.00 0.00000040 0.99999680
Distribution panel 2,200,000 4.00 0.00000045 0.99999818
Standard data input Standard calculation

Equipment MTTF MTTR Failure rate (1) MTBF System availability

Utility

Utility 1 7.500 7.00 0.00013333 7.507.00 0.99906754

Cable 3,500,000 8.00 0.00000029 3,500,008.00 0.99999771

Circuit breaker 2,500,000 8.00 0.00000040 2,500,008.00 0.99999680

Transformer 2,000,000 250.00 0.00000050 2,000,250.00 0.99987502

Series system (utility, cable, CB, TX) 7.908315339 0.000134519 0.998937189

Generator

Generator 500,000 48.00 0.00000200 500.048.00 0.99990401

Generator controls 1,500,000 8.00 0.00000067 1,500,008.00 0.99999467

Cable 3,500,000 8.00 0.00000029 3,500,008.00 0.99999771

Circuit breaker 2,500,000 8.00 0.00000040 2,500,008.00 0.99999680

Series system (gen, gen controls, cable, CB) 31.86363636 3.35238E - 06 0.999893191

Part 1 [{Utility, Cable, CB, TX)# (Gen, Gen Controls, Cable, CB)] + MSB

Gen//utility 6.335813804 1.79355E-08 0.999900886

MSB 2,500,000 24.00 0.00000040 0.99999040

(Gen//utility)+ MSB 5.01 2.17635E-13 0.999999999998910

Part 2 (Part 1+ CB+ Cable + UPS + Cable + CB+ DP)

Part | 5.01 2.17635E-13 0.9999999999989

Circuit breaker 2,500,000 8.00 0.00000040 0.99999680

Cable 3,500,000 8.00 0.00000029 3,500,008.00 0.99900771

UPS 1,000,000 0.00 0.00000100 1.000,000.00 100000000

Cable 3,500,000 8.00 0.00000029 3,500,008.00 0.99999771

Circuit breaker 2,500,000 8.00 0.00000040 0.99999680

Distribution panel 2,200,000 4.00 0.00000045 0.99999818

Series system (Part 1+ CB + Cable+UPS + Cable + 4.525735332 0.00000283 0.99998721

CB+DP)

Part 3 (Part 2+ CB + Cable + PDU)

Part 2 4525735332 0.00000283 0.99998721

Circuit breaker 2,500,000 8.00 0.00000040 0.99999680

Cable 3,500,000 8.00 0.00000029 3,500,008.00 0.99999771

PDU 2,500,000 8.00 0.00000040 0.99999680

Series system (Part 1+Part 2+ CB + Cable + PDU) 549 0.00000391 0.99997852
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IEEE Gold Book reliability data

r, hours of ar forced hours Data source in [IEEE
Equipment category A failures per year down time per failure  of down time per year survey [B8] table
Protective relays 0.0002 5.0 0.0010 19
Metal-clad drawout circuit breakers
0-600V 0.0027 4.0 0.0108 5,50
Above 600V 0.0036 83.1¢ 0.2992 5,51
Above 600V 0.0036 2.1 0.0076 5,
Power cables (1000 circuit ft)
0-600V, above ground 0.00141 10.5 0.0148 13
601-15,000 V, conduit below ground 0.00613 26.5¢ 0.1624 13,56
601-15,000 V, conduit below ground 0.00613 19.0* 0.1165 13,56
Cable terminations
0-600V, above ground 0.0001 38 0.0004 17
601-15,000 V, conduit below ground 0.0003 25.0 0.0075 17
Disconnect switches enclosed 0.0061 36 0.0220 L)
Transformers
601-15,000 V 0.0030 34200 1.0260 4,48
601-15,000V 0.0030 130.0¢ 0.3900 4,48
Switchgear bus—bare
0-600V (connected to 7 breakers) 0.0024 24.0 0.0576 10
0-600V (connected to 5 breaker) 0.0017 24.0 0.0408 10
Switchgear bus insulated
601-15,000 V (connected to 1 breaker) 0.0034 26.8 0.0911 10
601-15,000 V (connected to 2 breakers) 0.0068 26.8 0.1822 10
601-15,000 V (connected to 3 breakers) 0.0102 26.8 0.2733 10
Gas turbine generator 4.5000 72 32,4000 Appendix L, Table I1I

“Repair failed unit.
"Replace with spare.
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e Breaker size, rating, and trip settings

e Server information
e System power distribution

*Disaster recovery plans
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https://www.nrel.gov/computational-science/measuring-efficiency-pue.html

PUE =

PROJECTION OF LOSSES BY IMPROVING THE PUE

UPSs, energy conversion
and PDUs
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Devices
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heating
generator set)
125%

Cooling
66,7%

UPSs, energy conversion
and PDUs
39 %

Devices
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generator setl]
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Overall Power

IT Power
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* Source: DataCenter(ynamics



Building/Facility PUE

A0 graall Allal) Ablaial) b (i 1) Gy 3S5a PUE b 1 aby Jlia
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Ughting IDEC Mechanical Pressurization] Fresh A Cooling Ventiation/ Humidification Disributon | Lightng
Month IT Equipment Al Data Halls AllData el Tups s Chiled Water Cooing (Coolng D1 &DC2VRA)|  Coolng Landlord tandord | Landlord | TotalData Centre | igPUE
[ouration _[Average | Average Load | Energy Used | Energy Used | Average Load | Energy Used Energyloss | Energyloss | Chiler | Pump | CRAH |  Totl rridor Fresh Air Space Cooling (OFC VRF) Fresh Air Total | EnergyUsed | EnergyUsed | Energy Used
Days  [rempC [ kW Kih wh [ KWh i [ W | | [ ndoor | Outdoor | Airside | Coolng Indoor | Outdoor | Airside | Coolng | kWh h h kWh
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15414000) 1125220000| 18931061 2027872 | 1483663104 225044400| 14836631 | 1012839 68872 421440| 1097908788 20698 | 111679| 457.20| 13%601) 22779384 15754) 79383| 10860| 3618| 101306090| G1SES60| S0384466( 14533264941
BS0|  2WI0S00| 732065 S06968| 370915776 - | 6261100 09Lsy| 250| 17218| 105360 27a477L97| 57| 2920 11430| 33400| 56948460 15754| 79383| 10860| 3618| 101326090| GLISESE0| S03846| 3792966572
1926750 1406527500 2366383|  253484| 185457888| - | 2130550( 185579| 126605 8603| S680| 137238599 2587| 13960| 5715|1670 28474230 15754| 79383| 10860| 3618| 101326090| GISESE0| SO384466( 200916844
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- o -
1.42= 4ailleall daadl)
- . 2 4w - -y . I3 S
daa Alyta (A (Lik L) clily 3S el PUE Gl 2 a2 JUa
% Loading 0% lo: % |0 % load 25% load
No. of Operating
Hours Per Year Values Calculations Values Calculations Values Calculations Values Calculations
(operatonal)
Total IT Power 8760 24400 kW 213744000 kWh 18300 kW| 160308000 kWh 12200 kW| 106872000 kWh 6100 kW| 53436000 kWh
PDU Losses (Not Applicable for the project) 0 0.00% 0 kWh 0.00% 0 kWh 0.00% 0 kWh 0.00%| 0kWh
UPS Losses(IT) 8760 4% 8549760 kWh 4%| 6412320 kWh 4%| 4274880 kWh 4%| 2137440 kWh
UPS Battery Charging(IT) 8760 5% 10687200 kWh 5%| 8015400 kWh 5%| 5343600 kWh 5%| 2671800 kWh
PAHU, Fan Wall Unit, CHW Pumps 8760 538 kW 4714982 kWh 404 kW| 3536237 kWh 269 kW| 2357491 kWh 135kW| 1178746 kWh
UPS Losses(PAHU, Fan Wall Unit, CHW Pumps) 8760 4% 188599 kWh 4% 141449 kWh 4% 94300 kWh 4% 47150 kWh
UPS Battery Charging((PAHU, Fan Wall Unit, CHW Pumps) 208 5% 5598 kWh 5% 4198 kWh 5%) 2799 kWh 5% 1399 kWh
PAHU and FCU(Non-IT Floors) (Not Applicable for the project) 8760 397 kW 3475968 kWh 397 kW| 3475968 kWh 397 kW| 3475968 kWh 397 kw| 3475968 kWh
UPS Losses(Non IT Floor PAHU) 8760 4% 139039 kWh 4% 139039 kWh 4% 139039 kWh 4%| 139039 kWh
UPS Battery Charging(Non IT Floor PAHU) 208 5% 4127 kWh 5% 4127 kWh 5% 4127 kWh 5% 4127 kWh
Emergency Lighting Load 8760 150 kW 1314000 kWh 140 kW| 1226400 kWh 130 kw| 1138800 kWh 120 kW| 1051200 kWh
UPS Losses 8760 4% 52560 kWh 4% 49056 kWh 4% 45552 kWh 4% 42048 kWh
UPS Battery Charging 208 5% 1560 kWh 5% 1456 kWh 5% 1352 kWh 5% 1248 kWh
Primary Pump (Included Above) 0 0kWh 0kWh 0kWh 0kWh
UPS Losses(Primary Pump) 0 4% 0 kWh 4% 0 kWh 4% 0 kWh 4% 0 kWh
UPS Battery Charging(Primary Pump) 0 5% 0kwWh 5% 0kwh 5% 0 kWh 5% 0kWh
TFA, AHU and Other Non Critical HVAC Loads 8760 1386 kW 12141360 kWh 1336 kW| 11703360 kWh 1286 kW[ 11265360 kWh 1236 kW| 10827360 kWh
DG Building Lighting and Power (Included in Other Loads & DC) 5840 0kWh 0 kw 0kWh 0 kW] 0kWh 0 kw| 0kWh
DC Building Lighting and Power 5840 300 kW 1752000 kWh 280 kW| 1635200 kWh 260 kW| 1518400 kWh 240 kW| 1401600 kWh
Other Operational Loads 2920 204 kW 595680 kWh 75 kw 219000 kWh 50 kW 146000 kWh 35kW| 102200 kWh
Chiller Load 8760 500 TR 58254000 kWh 500TR| 43690500 kWh 500 TR| 29127000 kWh 500 TR| 14563500 kWh
Transformer and Distribution Losses 8760 2.5% 7890511 kWh 3%| 7216851 kWh 3%| 4974200 kWh 3%| 2732425 kWh
Chiller and Pumps Operational Units 20 15 10| 5
Annualized ikw/ TR 0.700 0.70] 0.70] 0.70]
Loading on Each Chiller(%) 0.950 0.95 0.95 0.95
Total Facility Load(IT + Non IT) in kWh 323510944 kWh 247778561 kWh 170780867 kWh 93813249 kWh

Considered One Utility Supply Failure Per Week for UPS Battery Charging

1.51= Aaiiiceall dagdl)
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Double-conversion
UPs

Key differentiators

sRepresents > 80% of 3- phase
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On-line normal mode - hybrid conversion on-line UPS topology
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Normal power flow ————pp _*7_ Frcp—
Stored energy power flow .........oceecceeceeerecp —— D(Eﬂ’[‘g:;ﬂ /lj Sy
Recharge energy flow —————— > T —— DC circuitry
Bypass energy flow ——rimiimiimpp
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@ AC source _.J—._ v VA _.J_= t ITE
_____ - _L_ — ] loads
== A I,
|
' Rectifier : Inverter
(input power I (output power
converter) I | converter)
|
Normal power flow ——— 3 DC-to-DC |
Stored energy power flow ...oceoeivievinenns p| comvericr ; “\_, AC circuitry
Recharge energy flow — = == —— » _—  DCsource —— DC circuitry
————  (baitery)
Bypass energy low —.—comooe. P B 2/

Basic transformer less double-conversion UPS power flow drawing

Juse o £l ¢ standby UPShbae Jull JSill b s sall 2 50 3all Jysaill UPS J) Jaladie 4y
Jao A8l jaae (e 4 i oAl Ja) lie (e Yoy (uSlall s PFC asie A (e (9583 Jaall ) 48
A )l (e A8 Cansy GSlall a5y g o siall Joadi Caliy) oy (Jlany) Al adadss Lexie | 2 yil) il
1) deall &8 ol axe ) 0% Lae czilin ol Qo ¥ 5 ¢y W A8l Lo oY 1505 Jeall 2y 51

(@U&Oe‘)ﬁdﬂ&)

43) ‘“,_’_1\4)@53\ C\);)d L 8 Bl z1Jon-line L;J\.al\ &4}3\@@95;\\ G}Jj—&“ J s UPS i s
i 13ga 5130 53 5 drans) s g Liaddia Lo ot )8 g1 3 yiall Sl JA0 d8da jaoimae (e Us 10 sy
Jaall

(89)



STATIC BYPASS
SWITCH

RECTIFIER INVERTER
OUTPUT
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On-line normal mode — double conversion on-line UPS topology
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1
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Bypass normal mode — double conversion online UPS topology
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PFC bypass normal mode — double conversion on-line UPS topology
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Static bypass
switch
1 )
i —

@ AC source [ .L_| "\ DC link e ITE
------------ SRR Rk ek RN loads
== I E==
Rectifier : Inverter
(input power [ (output power
converter) I ! converter)
!
Normal power flow—highest efficiency ———p | DC-to-DCL_
Normal power flow—double conversion.., converter l_ \_, AC circuitry
Stored energy power flow —— DCsource — DC circuitry
Recharge energy flow — = = = = > —_— L))
Bypass energy flow —.. —.. >

Practical Power Voltage Cost Inverter always
Conditioning per VA Efficienc operating

Standby 0-0.5 Low Low Very High Mo

Line Interactive 05-5 Design Dependent| Medium | Very High Design Dependent
Standby Ferro 3-15 High High  |Low - Medium No

i cauoran 5 5000 High Medium  |Low - Medium Yes

DeltaC i : ' .

i anadiinge 5 - 5000 High Medium High Yes

L1k Co.-r:zz:gon
Interactive On-line
Normal Norm. Bypass Normal Bypass EEC Bypass

Bypass

Typical 02-_2KkVA 05— 5kVA 1—3 kA 1 — 10 kVA 10 — 1500 kWA

power range

Cost per VA~ Low Medium High High High

Power Very High Medium High High High

density

Service life Short Medium Long Long Very Long

Load Low Medium High High Very High

criticality

Efficiency Very High Very High Medium High Medium High Medium Very High

Inve’rler MNo Depends** Yes MNo Yes No Yes Na

on-line

Power factor

corrected No Mo Yes Mo Yes No Yes MNo

input current

Output

wvoltage Wide wWide Narrow wWide MNarrow Wide MNarrow wWide

window

Output

frequency Wide Wide Wide MNarrow MNarrow

window

Inverter Squar_e‘ Sle;_}sine_ Sine Sine Sine

wawveform Step-sine Sine

Transfer time =10 ms <10 ms o ms <10 ms 0 ms =10 ms 0 ms 0O ms <10 ms

IEC VED Sw s pESRSL VI-SS-11 VFD-SS-31 VFISS-11 WFD-SS-31 VFI-SS-11  VFD-SS-11 WFD-SS-31

classification VFD-SX-33 VI-55-31
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Static Transfer Switch

]
L

Rectifier Inverter

% e Output to
o Critical
e f\/ Load

Mains Supply

T Battery

Standalone Configuration

Utility Generator

P
="

&
:
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[
]
[
: Mainte nance
4. Bypass
2y
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Isolated redundant:

53 O oSl 13 allayy Jeadl 4330 sale a6 Al 5l L ) UPS Bas 5 2o 53 ¢ oS30 138 &
Aoty Mg SN s "Jsmall UPS " st static bypass 5l diaiie Jaas o Ll UPS 52a
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Parallel redundant (N+1) UPS configuration

Internally “modular” redundant:

Db} JAla M Caang o oSall s 8 6AS il et 253 g pde s Ui s23a8 2 ellaia s
plad 5 4S yidia 3 ) e 4 g SN Aa o) a5 ¢ SN 138 (8 A8 Bas 5 (5 e e ale S (UPS
by el aiiaa g aSaS

UPS frame

+1

uUPs Module uUPsS Module uUPs Module
Pt =] =

Common battery strings

» Baseline 1N configuration
» Internally “modular” redundant N+1 configuration
» Parallel redundant N+1 configuration

e Baseline 1N configuration

(<5548 250 5 a8 "lAI" Slas g a ) ge 0 5KE) 1SS (50 Sl 5 LS 1000 338 33a) 5 UPS sas



1000 kW
“N” UPS

™

]
Battery strings ——

—

| ) Wrap-around bypass

1000 KW load

e Internally “modular” redundant N+1 configuration

al) 55l 250 508 MR Gl g Geed (e 05K () 5 5LS 1000 838 A lime UPS 325 5

(J‘Jﬂgh‘}}wﬁ‘h}
“N+1" UPS 250 kW 250 kW 250 kW
Rectifier

Battery /___\'

strings ’_“‘:I

Inverter
I
1 ) Wrap-around bypass

1000 kKW load
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L ) Wrap-around bypass

1000 kKW load

Configuration Mc::c;ule (unit) System Load
pacity capacity percentage
1N configuration 250 kW x 4 1000 kW 80%
Internally “modular” redundant 250 kW x 5 1250 kW 64%
Parallel redundant (2+1) 500 kW x 3 1500 kW 53%
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(N +1) Isolated Redundant Configuration (N +1)Jsjx | ¢y sSi-1

UPS 2 - Standby UPS
Static Transfer Switch

1
= | I |
&
G Rectifier Inverter
2 /\/ —
T Battery
Static Transfer Switch
| I |
Rectifier Inverter
= —
i /\/ o Output to
2 ]_ Critical Load
3 P Ny
T Battery

UPS 1- Pl;mary UPS
Hot Standby Configuration

(1+1) Parallel Redundant Configuration (1+1) ¢J\sia &) (n<i-2

UPSsS 2
Static Transfer Switch
1
= | I |
=
‘3 Rectifier Inverter
=
-3 Battery
—— Output to
Static Transfer Switch % Critical
= .' Load
,:% Rectifier Inverter
T Battery
UPS 1

1+1 Parallel Redundant Configuration
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uPsS 3

Static Transfer Switch

‘

Rectifier Inverter

v

T Battery

Mains Supply

PS 2

Static Transfer Switch
—
L1

Rectifier Inverter
b r\/ Output to
% Critical

= Load

T Battery a

Static Transfer Switch
(R

‘

Mains Supply

Rectifier Inverter

&

Battery

Mains Supply

UPS 1

N+1 Parallel Configuration

(1+1 30 N+1) Z995a JBU 0 sS aa (55 siall ) S} -z LS

UPsS 2
& L
g
e Rectifier Inverter
E ﬂ\/ e
l QOutput to
§ Battery Critical
- Load
D=, I
S L
=
w Rectifier Inverter
£ ——

= l g

_"!; Battery
UPS 1
Dual Bus Configuration
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Parallel Redundant Configuration (1+1) + STS ) sall 231 31 ¢y gSill-q

= UPS 2
3 >
@
e Rectifier Inverter
ez_d ) —
N g 5TS 2
L e AV, N Output to
Critical
T Battery ﬂ'\,- Foa
Output to
F\"" Critical
=
£ A Load
5
w STS 1
o
£
=
=

Parallel Redundant Configuration (1+1) + STS

Parallel Redundant Configuration (N+1) + STS s sall 2 1) ¢y e$i)-2

Distributed Redundant Catcher UPS Configuration
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UPS il gsil ddlsill g 8 gal) (ulilla

Data center scale of cost

(uUss)

Configurations Scale of availability Tier class

Capacity (N) 1=_Lowest $13,500 - $18,000 /rack

Isolated redundant 2

$18,000 - $24,000 / rack
Parallel redundant (N+1) 3

Distributed redundant 4q Tier 1l $24,000- 530,000 /rack

System plus system (2N, 2N+1) 5=Highest Tier v $36,000 -$42,000/rack

$43)) Sial) UPS J) <y oS5 Janti LS

o Jaall Baseiall UPS lan g day 5 o 3 4 Ly Unses I ST UPS (50155 o seie (5% «_alls
IS 0SS Cumo o Jidia 3 e Lt Lad el Jasll aud@i g Bas 53 S UPS 3as 5 Jie ol alau)
((endsai OISE i ) N+T 0SS e a0 1) sk sas s (6l e A ganal) sl 3 als 3aa
Baalgsan g gl Jigiaae Al b Jeall ac ol 4IS i) da llia ) Sl

500 3% UPS (alai yii Gaoh e el il 5LS 500 558 Jas dles iy (JUall Jasws e

el il g8 LS
Two module N+1 parallel redundant system, 500 kW T
arallel cabinet
— F = capacity 500 kW
L i} T
fa | V q P
B " A L “
@ AC source > UPS #1500 kW v ITE
~ R = J loads
> | =
— o V q —
B " A B
Input =

UPS #2—500 kW

Sl o, el g8 LS 400 338 UPS Wlas g &G 35 sk oo el il LS 800 Jas
800 )Ll Al saadl Maa) Culi el <l 8 LS 400 538 SO Cilas sl (e 32 5 IS Jania g3l
. daall ae ol 488 dan el Gias 5l G sSaud (Juail) (e Clan ) (gas) Caa A 1), saal cul s LS
22 yiall el d8Ua (3335 ¢ galall Jandill 8 UPS (s 5 e Land s ) sie W o3 (bod) (SN e
Jay Cua a5 el 433l Capm el alite e UPS JS (5 5iag UPS S () Gl all aan g
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Two module N+1 parallel redundant system, 500 kW

Parallel cabinet

~ capacity 500 kW

La

— - A" A L
“ ITE

AC source . UPS #1—500 kW
v loads
-
u
—~

Y S

Y

v

Input =
UPS #2—500 kW
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Blaic) cclele 5 38 sadd daadl 3 jaiud O (Says Lo palad) 4y Ul pUas ddau) 53 UPS 3aa 5 JS
JS1 Aladie Alalial 4y ey i s (dlile angg) Sl o b 8 o3 (oA A4 jllad) Jads iy laae e
Oal) Gy 8 @l aas ¢ S e e s siue s ki) A8 ST laa e Jsanll (UPS
(n S (B el dus cUPS s e (o)) siall UPS (5SS sty Y, Galia) USas ol (K, Y 8
UPS &aal pa, 1 5 las s 4l o cilaS il oany s siad 385 Claa g aa )l ) diay Lo sl
Gaiad Ay Leilhy A8 Loy ) DA dgas adl VALY Alle anl ) clind asadlly Jala e cadial)
b 15585 Jala (o ilA) ¢ ) (8 A gy S i o ) Jdill g Ja sl J8U S plasinly 551 5l

UPS. s 5 i Wiyl oy G ¢ ol Cila slacall

standard tie cabinet ¢» Y33l 5 bypass cabinet e (M) JSE b e gall o3 5S35 sing
AUl U8 (e JRSIL Ciiaall 5 g Gl Callil) Ul 5 cumiiall ailall aall ol day 1 &30 53 i
di B el was, 1500 O sSpm Gaaall 1 Jia, (5585 S Hslad ey - Jdl) Ll A8l Sy @)k
acd e 3,08 e Alaiadl UPS cuilS 13) Lad 48y Lk g, 7 3al) o) dLeadll clls oL 4yl
Cilan gl 5,38 Hilat sale e ) Jen Gigan b eS Gule cannsd Layy, saball Qi) & Jaal

Uiled g Uil (o ()50 ALY puzagll ) Jiiy g o ad) J8L 8 Jlasd) albaill saspus, Lee COU)
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Utility mains inputs
(module rated)

¢ ¢ ¢ l (system rated)

a5 S5 ax ==

7 3 3
[ I [

W= 3| |3 =
I Il I | Static switch cabinet may
S S () ( contain other breakers to
S wrap around static switch

yJ_\ I_IT yJ_\ for maintenance service

System

( ( ( (I output
K

Utility mains inputs

System-rated
static switch

[ SdN
¢ Sdn
€ Sdi

Spare input for
future growth

JS Lasias aUaill 1 & pypass parallel system (WY ) sall alaill asly JAY) Jaad) 8 yad
the _ias ) 5l 0o JEY) ()5S Ladie alail (8 lgazen Jariy ¢ Jalall Culil) Lealidey UPS 32a 5
Jeall i (s ) ) e UPS Glas g (e aaall day ) oy Ladie caldaill (e ¢ 5ill 18 8 U s bypass
UPS &l % bypassasléiy) s lall 5 Jalall culil) ~Uidall 5 508 5 slaty o s oo lan (S5 4ne i )

GOSN Canpal ¢l any ddasi yall UPS Cilas s xe a5 WS UPS, JS 8 4dalall il i)
2 A A eliall G Lpanl ST 1 AW day ) 43154 (1 (381 el A8 (g s gl oy 51 A0 S
o aSati Al o Jadd A0k 5eSh ) lusall 48 slae ()8 13 (Jaadl A8 jliie L oSaill 46y 5k T UPS S b
pUail 13a Sy sha UKD Sl Jlea) SIS 1), slad Al 8 055 Ladie UPS S alasi (53 Jaall )i
O S| Tea Jaaipus llAl e glie JB A1 0 oS pual) lisall 53 allill ol ¢ Al aUaid 13a 1 50a8 g 2al
2l IS Alena guad 8 UPS ol (5l sie e IS 13 Halad Alla 8 055 Laxie AT ol
38 Glie 1580 31 Lee (i) (e ahalal) Jlaaty 38 51 5 ) jall A 0 plé ) cam Juai¥) ez A

Aadal) Ay (i 8

UPS 2 UPS 3 UPS 4 UPS 6 UPS7 UPS 8

Tie cabinet

t Nﬁi W Nﬁi r—r_m
% % (I(I(((((l(l

[ !vZ?l
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4331 34l UPS dabiif (8 dpesiy cilpans day )f

g At ) laa day Hf lia (s ) sia g 3 ga allal 83222 23 jia HL A8l jalias Jua 6 2 e
VRN ER

35 50 allaiS Aliaiiall UPS (stad &S b oSall, 1

A8 ke Dla A ) G e (S5 ia UPS S Cila jie 4l 30, 2

@) sidl o Sl AUPS s s sbedlls Jaall 3530 50, 3

ACaal a (ad S UPS s 5 U g JlaiV) g AlSaal) agan Cany dlSia Eigan s 3, 4

& UPS L)l 5 ) Allal) 48 8 5ll o 5355 Y Ay s L)1) a5 e SO 020 (55 o)) (8
JsY aladl

E 99 all ellaad) cild i) S e Cilmal2N gl 7 99 el JBLY Ay

JS Jah (PSU) Adadic Zia jalias ac Xt dliadia )58 Sla o 4305 UPS ilas g o 685 s il 138 4
L 5! 9305 Calama 8 48U jolias aaf 5 13a) s 48a L UPS A acy e slheall L 5l 1S5 Cilwa (0 dndad
AV AL jaas UPS B ac s« sladll

(al “A” Power bus

UPS bypass input M UPS A
------ 2l (]

UPS rectifier input
PSU 1
Dual cord IT
equipment
(redundant power
supplies)
UPS bypass input M UPS B
______ > | PSU 2
UPS rectifier input - = “B"” Power bus

_> Active power paths

------ P Inactive power paths
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UPS bypass input

~ Wa “A” power bus
------ » H I J[

UPS rectifier input

PSU 1
Dual cord IT
equipment
(redundant power
supplies)
UPS bypass input PSU 2

“B” power bus

_' Active power paths

______ P Inactive power paths

Sy, ASEa UPS las 5 585 G (sl e g a3Y 15k g sall (g 1508 1598 0 oS3l 13a jd s
OSD s, dalide dniian IS 3 (e A Ll ia g S o ) ddlise Ylaal Jeadi s iz alaaly o 5 ¢
Gl iy il slaal) Lia 5l 935 Calaza U pean addieg 3 ULl S jal donally hais hie el 12
Dlas pA0S dap Gilare e (g giaT sl bl SI e alaae J) 35 YDual connection .z g2 <l
Sl b g SlSay Caxs L;)im aylany) S)@A_i} eA}d\ B)'g;i Jia ¢ single connection 13a) 5 48Ua
Gl dgalal Jlaal¥) ool A Jal)l st i e g 53 ) dals @lia oS Selludl dalal Jlaal) Sl

. Y UPS Jéé A 3 AT ) UPS s

UPS bypass
input
B [f<H__UPSA
------ » !
} N e “A” power bus
UPS rectifier — I — \
input = PSU I

— R Dual cord IT
. equipment
UPS bypass -’l@_ ! il (redundant power

input IT equipment supplics)
] UPSB PSU 2
------ }] 1] Dual-source static
transfer switch
' } Y R
UPS rectifier — I — “B” power bus
input =

=P Active power paths

...... P Inactive power paths

Z 530 J 2l aladiin) @liCay clld e Yoy, bl S 5e 8 ) dalal laeal) calil) Jgaall ansy ¢
£ 5 O Laga, dalall 128 sl @l 03 Jlea (of 0a) Jalall e e il e 238 jira jaadll
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A p3a A UPS Jild dila jaas (e Jeadl Jii Jsaall (8 co_ oy o3 jaad) il J gl
el Jaall s (558 dld Ly i slUPS

UPS bypass
input
M UPS A
______ ’J L
L e “A" power bus
—b‘ ---------------------------- ~.
UPS rectifier : .. -
input =
= PSU 1

Dual cord IT
equipment
UPS bypass (redundant power

input IT equipment supplies)
————— f—l WESTH Dual-source static PSU2
J -
transfer switch /
F ﬂ
UPS rectifier ‘B power bus

input

'
:___’_@____l Single cord

PSU

;

iz

————P Active power paths

------ P Inactive power paths

) Bl dae 3l G caalaal) Aude & U all aae o) ) LS, AU a5 68 duhy ) 1383 s 8 13 Caniay
e llia elld gas, Alainall Qi Lol )35 clgadha) s oLha¥l CLaSiu 5 Leiilia s Wi je n
Al ay el Joadil) (8 ¢(anl Lguzany pa dial Jia UPS Cilas 5 ¢S5 ol 13, dial Jall 4 5 310 5 1) S

A ey s cally 5l Sl o (S oile e o OF OSe il LS e AT ) sasl s (e
Sl alal Jlaaly)

el je Cpaty J1 Y A W) el sk maen i Y UPS O (e pe ll e cige 01 Wl )
Jacly i il ¢ (PSC)hm Al Zilall Zia) jo 3 oSaill bas g aladiuly Glld 5iad (e, Leila s
& aSaill Bas 55 i) Jsaall A g ge o Al adai¥) @l 8 g5 ading GV &l g i N a3
Jlea¥) G a3l Galiill 5 Cua Cige ol jalS i il s aladiul JumdY) (e el 13g] Al 3l

52l bl 3 3 jea ) wllal (ga dll @il <l

UPS bypass
input

UPS rectifier i
input g PSU 1

P;: Single cord J D:;l,mrd ];['
uipmen
— B —" PSU (redundant power
UPS bypass .’@. coc

input IT equipment supplies)
______ ’] Eg ups B | Dual-source static

: transfer switch /

i I “B" power bus

UPS rectifier 1
input =

PSU2

—P Active power paths

—————— P Inactive power paths

—::—=:.—=.. P Power Synchronization Control (PSC)
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Separate UPS with Multilevel Redundancy<b siall daaia ) S5 2a JuadiadlUPS )

e dhan AL JS culS 1) dala oz g0 jall JBLN Al aladiuly ) S e e b el sioe 3i8a oSy
UPS 32 5 UPS (Faa g e caila JS (5 sia Ul adaddl) o )l 8 ddlide dpe )8 ddase (e Lgiilha
(@8 yall Haan I UPS clas 5 (e 48Ul Jail (SBM) alaill sladsas 55 ¢ N+ )alead cdpalanin 5 4l
el la ol Apdaty Bas) 9 208U IS o 685 ¢ galad) Jarlidll Jla 8 J 3 A ga g L Aald dpdalial iy jlay
DAY B o33y a0 3all IO 3 il laall L 5l 6385 Cilana 3 13a) 5 A8 aias aaas ) A8

G AY Al jalas aads Al )5l Cila gl

ATS A ATSA
. gl @ @ I = .
v v
‘ A power feed | | B power feed

-] | IR
e =

1
| I
! o T .
! 2 2 2 3 |
: I [ I I :
! | : : | i
! I I I I !
! g /S S5 — — |5 /S 5 /5 !
: — 'J_‘ (] ’J_‘ : : - |J_\ * VJ_I :
: Common Common :
| battery A battery B I

L 2 7

I L] L PSC N

T T e R et
£
([
[ ]SBMA
A bus Py Active power paths B bus
vy | P Inactive power paths v
—--—--=--J»  Power Synchronization Control (PSC)

e UPS DS aal of i Jaad) oy ailal) 138 e ALY UPS gl chadll e UPS (sl adasil 13)
e candail 1) AY) ilal) e Ligeae Cilasbaall a1 €5 Slea Jland (opalia s cpailall sl

alite 33 e Hliae (e et o AV Cailal) (Y il gie A8l (g e
Aia JI5 Yy cale "l 31 Sl 1 auly Blai o Laadie casi il 13s amy o el o8 il 150
Ll Jall Ao Ja e Jery @3 ¢ PSCALL) eliSay aal gl Gllul) <l Jleal alad Lo Al
UPS dadail Jay 5 ay ¢ il JSa) 8 eam gl i i) 5 ail) (e B i ddads J 5 5 ol daniia sl
e ila gl Je LeiSa adal 8 e aalld) by )l &5 3 s 5ia5 g hot tie cabinet e o3 33 3
(A site Coatiall 83 sa sall @daldl) () sSus csalall Jill o 50 il La Ly 5f JalSIL AU Al
I Al A aady lall o 3 g sall UPS ala o iy il Leguazy (e (30 51 UPS (aldas J jan Las
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pblill (3Me ) At ¢ ) cailall (JEall Jass Ao g sl dball ) Qs s oW e J8)
ALY e IS Janiliy Gal) il e 3 sa sl UPS psis oL oY) adalill i g Coatiall 8 3 52 sl
Lalals ) A8 sy o 2oyl ol agal) 8 e ol Jleall 5 3 Y B Al

A power feed ‘ | B power feed ‘

S
l_l_l

Common Common
battery A battery B

Hot tie cabinet
— / - — —

———P Active power paths v v

------ P Inactive power paths

I WdN

WA
TIdN
£ IWdN
¥ WdN

—.—.—-- P Power Synchronization Control (PSC)

Jua¥l (e de sile de sanal UPS ) dals ollia (5<5 88 Aalal) st g g gl (e ¢ UPSlial Jid
Oe Adbaadl S LY o) o el ASlSal) 381 el dakail o Jail ooy A8 ol selial) Jia
Laa e ol YLt o bl dallas o Canall ff 331 jall

ALY 8 Gy Jtall Al aasd agdll e aals G e Y UPS ) il ey pliad
dparl aay gkl AL Sl t5 ) shall 48U allats ) die 305 558l Jgha g (UPS 48U il 555 dpdiY)
UPS 4leaii ol Gangy (31 Jaal)

UPSt}-’)‘:‘zﬁ\JUPS(‘-\M%&@‘j}J&‘}A\°M‘JS“—"J-’

@43 5 @& 1 UPSJ g6 LA -1

a8 pinail) g deliall Gl 5 bl 581 a5 50l IS il 8 dails ) shall 43006 28Ul s
zeansi 3 3 o) V) (B |l dmy S salal e S DG Y dysadl ) e a2 Y e, alladl el
AalKs a5 Bl ST g s jaal @DLL
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S 7-5 o ST eVl Jaall g1 skl SN o) Jina 58 agaal sl el jgSh) (Slgtiane alans
i galal Jlail e @llginal) daany il 5 LS 7-5 e S8 a8 siall Jaall (1S 13) Laié Ll
Sle ainy skl (galal i shall S UPS Jlial ol ¢ shall O Juall ellgiuall (51 ¢ 5 Laxie

il Jaae e slanall Jaly 2l Sl a5l Ll 5 UPS = ledia 58 s A Jlaa¥) Jie Jal 5o 320

) s g V13 5 Lgilen ) yall Jlaal) gy aa g5 A & jall L) a5l Colas g5 A0 S il
UPS alkai s s S 13) Lo dant e aclog 431 S a8 sall 8 400 o< il 5all ALIS 3 ) guca oLy

skl gaal o skl SN

ZIAY s JAY) L)) jaaa £ 5 — UPS 4akii-2

Lagin da )2 120 Jsh ol ae (3alaas) ) shall ol culalae) B30 (e a8l ) 8 G oS5 Al sall jaa
2l skl jaae e ST A S Al skl 36 Ay jaaa Jis o (Sa

any ol il i) aa Wyl ol 35 UK alaad o ixg Lae (gl 1590 sl ¢ 5il8 g oLy 3l () 8 ol
Sllliey ZIAY) S ) A oy zle skl salal UPS lai ST ple JSEKVA 10 g
RE LS|

xal 43,5 = 23 yie i <l 8230 / Lawel <8 10,000 = _usel 58 LS 10
(KVA/KW asiai A (e L ) shall salal UPS ) 3 )iy bl (e UPS alle &
3 Phase UPS Systems (3/3 and 3/1)

e ek skl (S0 b eS Jaae e dpelicall 5 4 jladll Sl s ULl 3SI e alaes (g 5ias
Jaal il elail maan A shll A5 150 Y dals s 08 8 AL e Jlall Jdae a6 Jsne
Go dall O Cum aaen 138 5 KVA, (0 8pS < 3l GO 4y sllaall 450 oSl 48U (e 3 S ilaS
bl shall 45306 5 Lolal Ylaal e of oSy lanadl 5l ay jliiall

UPSiekil ) shia e

UPS 3/x configuration sl zliad Ll ¢ ) shall 53 2] jaae UPS Jaa i L )i 13)
3/3 configuration () zlias Luld (iagl ) shall 4530 Jlea¥) cils 13)

3/1 configuration. s zliss i ) ghall dalal Jlea¥) cilS 13)

AR 4y g llee 5 il g0 5 JalS e djlead S UPS plasiul oy s d8al) dlead 4 S 40 ddad

3_all UPS las g (pe 12ae a0aiud Al &y S a3 d8Ual) 4 ) jaisl ddad (e il e 12a

Cal b LS 10>) dcadaiall Al Cilara s i s00aSl) 3 gl Jin Jlaa¥) (1 e sane dilaal 5 il
slasall Jals (Lul
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Single Phase UPS systems (1/1)

60 5505 2 e L il b 230 dic ddiaa shll Lalal Clalae) & Bale Lelua g agii Al (5laY)
Al 5 el 3 el 5 5 ppall il yidal)l Cilaza s (V) ol peall 5 jeal duad saill ALY Jads | 35
LYl il Y a5 AL a0l 53

LS 3 aie L il SUasa ol phaly 5l Gaar el cild LD s shall dpalal UPS dalail g 3 (S
5 e lel. el 16 damy usiar ) (Sl oSS L) UPS a5 atans 4l 4y llaall d8al) Jiad el il 58
LGS 3 UPS ks (Ll il b 51 10 3ale) lia skl (salal UPS plas ST ) el <l 8 LS
UPS JI Glas 5 &ilpal #liia Woayl (s o cang 5 WS

UPSalal Jas dawg aaa paa5-3

RSy daall ana (sl Sl gl laall 5 O samaall 2aay e Wlle | JlaaY) daall aas ) AilaYL
skl

Dnal @ 1€ 120 5508 Jas SN 138 ady M i3l GOl <l IS 120" @b e ABGY) Ga
O i 13¢8 cdan) aany (3lay Lad |, 38 505 235k LS b 415 skl (O jnae (e 4l o
die el 174 5f) sael il 1S 40 ) ey Lo st (O shall (D6 i 50 2laeY) (30) Al e S
g 1€ 120 x 3 ) Lhaiind 63 JSI jnal il 1S 120 Jeall culS 1) (22550 ks @il 230

el il LS UPS 360 Jaa = ala e J<U

40 3% skl N UPS JMA (e el b 5L 120 508 okl 3 UPS ) dalal) duli oSy
Ay LS i s Le 58 iy shall Balal Jleal e 3ke Aleaiall Jlaal) 055 Of dajis el il 58 LS
A )i Cilaazal 3oty A8l 361 5 € il g Jlall Gl ) CallSs e aii ) el aa s Als 5o JS11/3
el il LS B0 sis UPS 3/1 pladiad Wl oy jual il b 51 120 5,08 2a) 5 UPS plai S iy
JS 8 Jlaal) @l 68 4530 50 A dalall Ll 138 5 ) ohall dgalal Jlaa¥) () 55 Cua 4paSal) 4oyl b
cld 1€ 200 A duad Al s 1/3 Laaa HSY) UPS s g 0585 L Bale G Jal jall (e dls ya
Loy lall aibiaa s d8hall ad 53 clhas Jie A8 cleliall (8 SCADAs DCS Jwa¥ 4gllan

b )
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Output [Nomenclature, Mains Voltage

Typical UPS

Sizes
1 Phase | 1 Phase 11 230/230Vac, 50Hz |400VA-10KVA
3 Phase | 1 Phase 3/1 415/230Vac, 50Hz |5 - 200KVA
3 Phase |3 Phase 3/3 415/415Vac, 50Hz |10KVA - 4.8MVA

-

8 Alua Jread gl e UYPSY) iia g aaa-4

il g LI UPS 5,08 2 a9 3 game A8l jaae 8 UPS Ol « AT 48l jaae i Jie
(iuiall Z8LLY) < LS (5_jaUlall 25LLY)

4y g5y UPS 5,8 o Jpuaall il shid

Jaall o Jgaall J5Y 5 ghadll

ey sl @dsall & Jaall Al Jale Gl Cang g olial Joand) 4 mase 58 LS Jlaa¥) A sy o

Al 3 pall e 2l 4wl il

Load KVA Demand Load Power Factor KW Demand
Load 1 KVAA1 PF 1 KVA x PF1
Load 2 KVAZ2 PFE2 KVA x PF2
Load 3 KVA3 PF3 KVA x PF3
Load n KVAN PFn KVA x PFn
Total Load KVA KW/KVA KW

pdiiaall (oSl (yla) i8) AL 3 gladl)

S UPS 38 yaad (e daaa¥) da s e 2Ly, (g5 0l UPS 51 (52 Jleal) el a0 23as
GOsSEe N>2 Ay ) S8 aw zoall Jeall dpilly, Jaall aeal llaall UPS &85 sa N Cus, Lely 55
OISl 3as) s UPS 32 55 Jaall acal J8Y) e UPS (a5 2 5a 5 a3k Cun0666
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Type of Load Redundancy Configuration

Level of UPS
Non-Critical Load 0% N
Critical Loads 66% N+1
Critical Loads 100% N+N
Critical Loads 100% 2 N
Fault Tolerant System

UPSJ! cilia g e adiallKW 9 KVA o Gllal) ¢pa (gt ;451G 3 gladl)
KW 5 KVA = (Jlaa¥) Jeall anndi Ciag UPS, 4w 2aa3 oy « UPSn Sy (Jlaa! llall e 2l
UPS.3,3 djmjuzsjbﬂ\‘;qm}zusth 1 sJLsJ\‘éA@M\

Total Load in KW (From Step 1)

UPS Capacity in KW = -—-- -- - - - -- = > Total UPS in KW
N (from Step 2)

Total Load in KVA (From Step 1)
UPS Capacity in KVA = =>=Total UPS in KVA
N (from Step 2)

Laalin B e b Jrant Cig B SieUPSY) @iia g aaa- dayl ) 5 ghadl)

LaS Alaisall il slrall aladinly (K15 (1dina & gun o A€aalinal) drgudall <13 JLeaSU UPS ana 3p3a 2ey
e 3l Ll UPS drs Gadlainl (S olidl a se s
¢ |nrush Current-Nature & Duration
e Peak Process Current-Nature & Duration
e Number of Loads, sequence of their operation

¢ Load Power Factor

*KVA and KW Demand of the UPS
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1-Inrush current
OSan, 3a I Al vie U 5eS Sles dunn (53 (g8l JAaY) Jlal a2l sa ) saL )
GUEY in ainse JS AL 5 18 Banl 5 5 ye Jead) i 3 13) LAY o 8 A s Cida
A s ) Jwea¥) Jsem s 3 aa smanual bypasse dlea¥) Jhas LSy cua ddaall Ul
Gy O aad ¢ Sie JS5 Jleal) Gl 5 Juans o313 UPS, () Ll sy e (80 63 jinaal)
Ladinrush current @il s UPS sl

2-Peak Process Current—-Nature & Duration
Aapalay 15 Sia Ll 18 Sy o (S Aleall 5 ol Jlan¥) Ao 53 Tdand dms iy s ol 8
Aide g dinpl e Rl Gy UPS asa cilbas e 18 32 55,30 i 058 o camg
3-Number of Loads, sequence of their operation

e iy g Uas () sS UPS il olé cdatd asl s Jea @i S 13) (Jlaa¥) sae e UPS [Lid) aaiay
JL\ﬂ\ S}J.ﬂsm?&\ aal)

UPS Capacity in KVA =3 XV X Irms-peak

2Ly UPS Ars 33a3 s ApSpalipall g A0 Jraadll ailiad (e g 3o ae B2z Jleal allia cuilS 13)
Jlaal) dusis Julis e

aand il las g s L & sane e 3Ly UPS Ao s &y cJaaleilly Jlaal) Joanii oy Ladie
38 slial Arpall ( mimse 58 LS Jeall oyl Jasssie J3a 5L 553 amdY) aall g dlaiall JlaaY)
UPS

UPS capacity in KVA =/3 X VX ((Z1 N | rms) + Imax rms-peak)

& sann Ao 2l UPS Ao 2and oy ¢Jaabuilly Jlaa¥) Josei oy ¥ Ladie Jlea D Julisiall pue ol
LS Juatall Jaadl IS s 5ill Jaws g 53 553 i g Aleaiall Jlea) aead an il Ja gie Hda ¢l s
aUJi:\iﬂ.\aﬂ\‘;@'A}Aﬁ

UPS capacity in KVA =/3 XV X 31n(Irms+ Irms-peak)
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59hd cililull 381 3l UPS J) &ilia g dvws s

1 85 shadll

UPSJlea] gaan 1ok ab

12 a8y 5 ghdll

A3 yil) g el Al aae g céﬁib cJaa/lana (S 48

:3 pd b shall

Jaa/ g S KVA )k a2

;4(.;5);,2;}\

Sl I s g UPS ¢ daad

5 a8 5 shall

(S ) Jlaal g S jadl e Jlaall) Jlaal) Jucd

:6 a8 b shall

L) oS Ao Gullall g Jaad) 3 a8 Jale paad

17 a8 5 shall

KVA.Jeal) (8825 jL aaas

'8 Al b shall

Jlaa¥) Juidd b aan

19 a8 5 shall

(<225 &) Derating Factor (guks

110 a8 5 shadll

KVA amaaill UPS Jiead b
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AN Sgaadl uua Laalinal) g 3 el Jlaal) aedi -1

Section I: Non-Maotor loads

s/n loads to Voltage  Nos. frequency KVA load | KW Starting
be of Demand Power | Demand Current
supplied phases Factor
from
UpPs | .

1 Load 1 EWA L PF 1 Kva 1" v
PF1

2 load2 ' ' KvA2 | PF2 | xvA2® | ...

3 Load 3 LATFE PF 3 Kwva 3* i
PF 3

B b ::1;.'7. L : ! [i: e l e sz

n Loadn KVA n PEn | KVAD® | ...
PFn

Total single phase Load KVA = |
Total three phase Load KVA =

Section ll: Motor loads '

s/m loadsto Voltage  Nos. frequency KVA load | KW Starting
be of Demand  Power | Demand Current
supplied phases Factor
from
uPs _ _

1 load1 KA1 PF 1 Kva1l* Is1
PF1

2 load2 ' ' KVA2 | PF2 | KvA2® | Is 2

3 Load 3 EWA 3 PF 3 Kva 3* Is3
PF3

ol e S D S e | s

n loadn KWA n PF N KvVa n® Isn
PFn

Total single pha'se Load KVA = |
Total three phase Load KVA = | | '
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inrush <lilaia g 4al gall) Jaal) 5,98 Jal ge-2

5 ,M8l Jalge JLmay AUl Jgaall o dladie ) (Say

Type of Load

Induction motor or MG set

Computer central processor unit

Computer peripherals

Process instruments & controls

Fluorescent lights (corrected type)
Incandescent lights

Regulated DC power supply (or battery charger)
Unregulated DC power supply
Transformer

Magnetic line regulators (auto-transformer)
Ferroresonant type line

regulators (CVT)

Solenoids. Relays and Contactors

Power Factor | Inrush %o
0.75 S00-8200
0.9-0,85 GO0-1000
0.8 500-800
0.85 300-500
0.95 300-600
1.0 GO0-13500
0.6-0.8 GO0-1000
0.9 GO0-1000
Same as load 1000
0.6-0.8 200-300
0.5 lead

to 0.5 lag GO0-1000
0.5 1000

Duration
1-30 sec.
2-6 cvcles
1-30 sec.
2-6 cyeles
1 cycle
2-6 cycles
2-6 cycles
2-6 cycles
1 cycle

1 cycle

1-3 cycles
2-3 cveles

dasiicial) gyl 48, ot L8 g dylaul) L 8.3

A al) ol £ o8 uua o pa) LS Giluad U Jgaad) aladia Ay

Starting current Starting torque
% of 2 2 p
e : (I;jcompared with (T's)compared with
Description of | line Full load
Starter voltage D.O.L current(l D.O.L Full load
applied | current(ly.) ) Torque(Tan) torque(T)
D O L Starter 100% L = Laa I; = 61 Ts=Taa Ts=6T
Star Delta L={1M3) B R, ®
startes 57. 7% L. I,=2I Ts = (1/43) Tga Ts=2/3T
R0 | L=08 La | =381 | T==(08) Thu | T,=128T
Auto )
transformer 60% L =|[l!ffl_n‘5r]2 It | s=2.161 | T;=—06) Ty | Ts=072T
starter
40% | L=<04P Il | 5=0961 | To==(04)Y Tou | T.=0.32T
Reactance- 2
resistance | 64% | L= (064l | =251 | 1042 T,=0.35T
starter Hel
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UPS Capacity in KVA =3 XV X Irms-peak

UPS 4aw aaad alud (4 ualinal) g 4G Jraadll pailad (e gm e pe badia Jlaaf dlliy cuils 13)-2
LA gadll e cpilla Wt (S Jlaal) Jaidd Jeadeds o 5L

Jaall Jodeiial) Jaudal) ; (Aaslid) Alad)) 1 a8, D)

5) daall eadl Sl ol aall pen o 2Uy UPS daws poad oy oJuadasilly Jlaal) Jasndii ay Ladie

ool Axpall & Ll LS5 5 ,aY) Alaidl

UPS Capacity in KVA = 1.73*V*(maximum starting current + Z FLC of other
connected loads)

Jlaadl Judeiial) p& Jaadil) : (3400 Aa) 2 a8, Al

el s sie s @l g sene o 2L UPS G aaad 2y b (8 Jlaa¥) Joas &5 Y Lanie
bl dapall L e sa LeS Juaitad) Jaall JS3 a il Jagie j3a 550 g dliaid) Jlaal) aeal

UPS Capacity in KVA = 1.73*V*(Z starting current of all loads + X FLC of all
loads)

Laa & g 5 a8l Jalaa g 30 adl wlaal Derating Jalaa Gl aly @l aa,
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Al Jlaal) cua JS Z L) ol 4,35 UPS jle asd

@iy 918 125 Laghasd dy (e (plea 2y >

iy shs 11 Buay kéla >

Gy shS 41 5,38 olual) Aallas daaa
u.hSJﬁdALQJSf-LiSSUO,Q UPS 35aa d&ngﬂoﬂﬁd‘ab:M\kﬂ\ QU\*&JJQAj
0.9

> P =3 KW of UPS Loads = 2*125 + 11 + 41 = 302 KW
> S =(P/(Eff*W) + 0.25P/W) / PF
> S=(302/(0.9%0.9) + 0.25*302/0.9) / 0.9 = 507.5 KVA

Then:

Ib=S /(+3*V)=507.5*1000/(+/3*400) = 732.5 A

ol uld Aad i ) UPS (In) Jia) abaldl and! Ll sas
A Ja g pid) e BRa oy sxal 800 adalal) da 13)

Ibslnslz----mmmmmmmemee 732.5<800< 1z

1z =2 K2*In/1.45 --------=--- 1z=1.45* 800/1.45

Size the UPS Downstream Load breaker?
Solution:

> S=P/PF
> S$=302/0.9=335.56 KVA Then:
> |b=S/(+/3*V)=335.56*1000/(+/3*400) = 484.9 A
@8l Al g A 630 Ao auld dad i i ) UPS Downstream Jsasd aaldl aud) Ll i
Al Ja g pdid) (ra
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IbsIns1z----mmmeeeeeeee 484.9<630<1z

1z= K2*In/1.45 -------==--- 1z=1.45*630/1.45

» DCS Cabinet =200 VA Autonomy=4H

» ESD Cabinet =200 VA Autonomy=4 H

» Telecommunication Cabinet =150 VA Autonomy =6 H
» Computer Console=90 VA Autonomy =2 H

Load Design<iibua :-Y

Sd=Sp(1+Kg)(1+Kc)

> Sd (Apparent power) VA
» Kg(Future Load )=5to 20%
» Kc(Design Margin)=10 to 15%

Peak Load (Sp)=150+200+200+90=640 VA

Design Load (Sd)=640(1+0.1)(1+0.1)=774.4 VA

Demand Energy<ibbaa - Lils

Ed=Et(1+Kg)(1+Kc)

» Ed (Energy Demand)=Vah
» Vah=Energy Load Total (Et)
» Kg (Future Load %)

» Kc (Design contingency %)

Et=150 x 6 +200 x 4+200 x 4+90 x 2=2680 V ah

Design Energy Demand=2680(1+0.1)(1+0.1)=3242.3 V ah
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N max=Vdc(1+Vi max)/Vc
N min=Vdc(1-Vi min)/V dch

DC 120=Vdc4 bl & b e

Max Voltage tolerances =20% w22

Min Voltage tolerances =10% w22
V c=Cell Charging Voltage =2.25 Vdc/Cell
V d ch=Cell discharging Voltage =1.8 Vdc/Cell

A L) dalaad) B sl

N max=120(1+0.2)/2.25=64 Cell
N min=120(1-0.2)/1.8=60 Cell

40 Adabeal) B o gailly a g3 A

C min=Ed(Ka x Kt x Kc)/Vdc x K dod

4 bl ded dad ual A minC

el 4 punall ALl Aadil) 8 Ed

%25= suggest 4kl Jalra Ka

Kt Jalaa 43 42 3 2l suggest= at 30 C =0.965

%710= Suggest 4 k) dau Julaa K

%80= example from 4 tall & )i dad o) Jalre=dch K
Aaiad) slaal) b g gl

C min=3242(1.25 x 1 x 0.965)/120 x 0.8=44.4 Ah
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As per designh load=774.4 VA we will select UPS=1 KVA
Charge , Rectifiercblwa - : Ludd
Asleal) (pa

| load current =S/Vdc =1000/120=8.33 A

lc=Cxki/tc

» lc Max DC charger

» c =select battery capacity Ah we will select 50

» Ki Battery charger eff=1.1

» Tc=min battery recharge time we will select for this ex=2 hours

Ic=50x1.1/2=27.5 A

Charger & Rectifiercs Ji&! Alaalll £ ganall 13)

| min DC=lc+l ldc
| min DC=27.5+8.33=35.8 A

4l 40 =Rectifier Axw ¢ 5S 13
Inverter & static Switch <blewa -:luala
Al Adstaal) (B (o gmilly o 6 : -

1c=S/1.732 xV
1c=1000/1.732 x 240=2.4 A

ol 5 oSty dagd ) VS G g
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dalaiia yal d3Ual) Cilas g il Uy

iy el il J8 vie UPS ) bl aiosall il 8l 558 o8 3y el (e a3 3>
a1 4 g e (3 sual 8 5 sl oy jlaull Al il Sllia UPS Ul ol (3 Usge U S
Sealed Maintenance free, Nickel Cadmium and Lithium-lon&"—!\a)\-k-u ¢ (J;’-wi J;J) dpnaall

25IUPS J) Al e Qi) (3 disa ) zliny Y (SMF VRLA Battery) plasiv) oty 3>

05 4 Ul A gla Jals VS e UDIA 6 a5 w5 o 2 5 ) B0 el 3¢l 3
12 el sgal

(AH)". el dela Ly Ul das Gy pas oy 3>

iy s 3231 6 3150 e Lelaam 5 A jal) iy s 30431 gl el Ul Joaa 5 4 >
Al

Lead-acid battery (VRLA) J! agidll il Uy (s day s 4580 3>

Lead-acid Batteries

Picture

Lithium Battery

Main Material

Battery Design Life

Lithium Iron Phosphate

15 years

Lead acid

Byears

Cycle Times

4000 Cycles

around 1300 cycles

Weight Light Weight 3x weight of Li battery
Environmental Impact Friendly Harmfull
warranty 3 years 1years
charging time Fast slow
price More Expensive cheaper
BMS Yes No
Effciency High Low
shape Stand. wall mount. rack mount Stand

Charge/Discharge
Temper

o~45 c/-20 - 55 c
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a5 g 4 el Julal) il -9

Ay ) (5 sall A2 -2

driiaall 4S8 U8 (e Lo (sl Byl (e el JUS 5F a4 Ul 23150 (a5 -3
Al 5l jall da 33, all da j0 -4

e [EEE 1184:2006 IEEE Guide for Batteries for Uninterruptible Power Supply
Systems

e |[EEE 485:1997 IEEE Recommended Practice for Sizing Lead-Acid
Batteries for Stationary Applications

e Datasheet’s of major battery manufacturer’s

g_q}‘)kdk"g:\,uua.ﬂ\ﬁ}w\wﬁ)&‘}“‘ﬁhu}w\as}ﬂ\dﬁwﬁd\ﬁ.J,g.:;ﬁaﬁ:a
OY g aS V) A Ul cpanaill yandl alasiind Say Y el aa g dniiaall 4S50l it 840 1 dxls
dalide Jol ge e aaing 4y el sl 2a0dll e

Jadill3 )l mda 0 0

doodill 3 )9 ccliadll 2 0

ol by s 0

LAl e 0
3l Lginn (10 %080 e Lgnw Ji Lavie oal i8Y) W jee 4l ) Ay lad) daalis cdldaguny il lany
oAl e Lellagul o 5L

:\AJJu)ﬁLAm:\4”)340:\;‘))27—25y&guﬁ‘)\);:\;)dm:\:ﬂhljn\}h:g)w\ugmeﬁg
35l allda g 15 ) sall da 5o 0 sS Lavie 5 4 jUall fa (pmddiin (J8 4 jUad) o Juasill 5 )
Dladlda s e el ) adl da o (1585 Ladie 5 4y . RS 2ol ) BB

AUl jee juali ) dad je bl s da oy Jdill (g5 5 4 el A (i dpasaall)

Ol dadi yo 3 ) a il o b Jshaall aladia¥) o (& Lucaeal) (alia ) cily ey daladl sac )
A3 e A 33 25 (398 Ay e a2 8 JSI 58 0950 Ay A sl jac
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100

801-- -

B0 f=mrme = =

201 --

Expected Life (Percent of Rated)

f i f
75 80 85 90 95 100 105 110
Temperature ( °F )

Ga ST 8aal) 3l il 50 Ay el 358 () (S il clilee Bae g ) S &y el e asi
&) g5 B UPS Slead 2ol ) d8la & ddaadl) colliill s aaY1 AL gha Apenll g il il 50
i ) 68 yaad il il s (UPS dgad [ Siall o) (ga , ST ol () g8 Baad 3 Ul g i

Aotad) e

At 27°c

=

120

—
o o
(=2~

(=2}
o

100% D°D  50%D°D 30%D°D

B
o

n
o

Percent of Capacity Available

200 200 200 200 200 200 200 200
No. of cycles

Al dacd oy s ALl alkas i la yud o5 a A Jlaa) (1 (e 2SI g 1500 4 jUadll ans a2y
S el e easaai o3 S (autonomy osl) < sl (e 3 il 4y Uad) e g Canlia JS Leinls
&l e A el LA L3l iy R gutonomy Gl ) A el il e PECN|RPRLY o

aidiall seall oy UPS ildy) 5 el )
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* Nature of Loads to be supported by the battery
e Continuous
* Non-Continuous
e Momentary
* Battery autonomy time
* Design Margin
* Ageing Factor

*Effects of temperature

Juii oy yla s UPS plai ) Jeall dadigia joe lilialy plawdl 3508 (ials dlies aveaill Giala ying
wéciw\ﬁj\)ﬂ\ﬂh‘)djicﬁy\@ﬂ\}ic@hﬂ\ﬁh@\uﬂu:\ﬁ)wdﬁay‘wdﬂ
10 Aty Jas Aila) 6 138 arenaill (ald 855 (5 5k o) Jiati Jal 5o 038 (e gz e sl cad siall
Al aaa cllis N 9615

S0 5 G | s dpaeall Gabia 4y Uy elol yiing 5 el cam 4y jUadll glal & (aldasV) ey
el Qs azdl a3 " knee point"y_u)md,a'é){;‘w J;\)A\‘;A_LPLJS@M
53l Lginas (g0 0680 b 55 (e Ay Uil (S Ladie Uy i

5,38 Glanal (Sl Lellasiul Cany s oadal Y)W jee dlgs ) calia g 38 4y jUa) () oS5 cAdaiil) 238 am
Slla _(0,8/1g,-i)1,25°Jq§eq\§3d4u=éﬁagﬁ‘@m‘g\uﬂd\}b@u@h&@Jw\

%mm
%95 -
B %0 % RATED CAPACITY
Lest
F ok
1 1] i 1] 1 | 1] 1 [
10 20 30 40 50 60 70 80 90 100
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vented lead-acid WA &lali ) [EEE 485 ady osaal Jule (gaudal gy el 3 ) ja 4a )
Aaiiadll 48,480 5 Ll o ¢ sealed lead-acid and Ni-Cd WS Al (Kl (Jsandl il
Al e il iy A el e mladil g Aadi yall ) all cla o ol Ay Glia sl e J gpaall
Aadl 3343 Gk oo A ad) jee 33l ey Y Al (gl dadd daid) ansy ety sail) Jale

|
it oy T Cell Size Electralyte Temperature Cell Size
correction correction
(*F) {C) factor (F) c) e
25 -39 1.520 78 25.8 0924
30 -1.1 1.430 79 28,1 0987 I
35 L Fid 1,350 a0 267 0,960 |
40 4.4 1.300 B1 27.2 0,978 |
45 72 1.250 a2 278 0.a72 |
56 10.0 1,180 83 283 0.068
85 12.8 1.1580 84 2B.9 0964
&0 15.6 1110 BS 28,4 0.950 |
&5 18.3 1.080 86 30.0 0,956
66 189 1.072 ar 0.6 0952
67 19.4 1064 aa 1.1 0948 |
(=121 200 1,058 8% e 0044
89 206 1,048 a0 322 0.940
70 211 1.040 a5 5.0 0,930
7 21.7 1.034 100 are 0.810
72 252 1.029 105 0.6 0.890
73 22.8 1.023 1o 43.3 C.es0
74 23.4 1.7 15 461 0.ara
75 239 1011 120 489 0,860
Fi=] 24.5 1.006 125 517 D.es0
i 250 1.000

Mote — This table is based on vented lead-acid nominal 1.215 specific gravity. However, it may be used for vented cells

with up to a 1.300 specific gravity. For cells of other designs, refer to the manufacturer.
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UPS5000-E-200K

‘ 1-UPS conceptual diagram

Maintenance bypass switch

Bypass input —a- | E{J

| ; Bypass
i Static bypass module

| e =
F . 45 ——pJutput

Rectifier Inverter

Mains input —

Battery string

UAZTPOOO1D
2-UPS conceptual diagram in Normal Mode
b B
‘ Maintenance bypass switch
Bypass input »
Mains input —jm P Output
Battery string —
UATTPOG 1
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3-UPS conceptual diagram in Bypass mode

Maintenaﬁc}e bypass switch

Bypass input — | - B‘J :
- Bypass |
SRR weain ||
e e
Mains input = ‘ ol =T Qutput
| Rectifier ‘ Inverter
| =
‘ B Power
oo 206G o maduiet,
Battery string .z TEST T =
I — et
| Rectifier * Inverter
Bl
\ DCT:IC Power
L S gl i _./ dad __m_o_du.!sNJ UAZ1PO0012
4-UPS conceptual diagram in Battery mode
Maintenance bypass switch
il R L A e
| I
Bypass input —#» i EI’J :
| Static bypas P |
SRt P QAR SadUIE,
™~ _.’ —
Mains input —»- : o Al | - Output
l Rectifier T Inverter |
_.t’ e !
| fgo Power |
e LPgne . wbduled,
: R R W P T
Battery string | o i
| - —1-
| Rectifier Inverter |
' i Power |
DC/DC module N
UA3TPOODT 2
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5-UPS conceptual diagram in Maintenance bypass mode

Bypass input

Mains input

Battery string

I ’

T
Maintenance bypass switch

Y Bypass | ¢
|k Static bypass

~~

v

TR ~e
Rectifier

2
o
=
o]
=

Power

Output

UA31P0004

ECO mode

Bypass input

Mains input

Battery String  se—

Maintenance bypass switch

= S 1 N

v

: Bypass |
L Staticbypass __module

e

|
=

Power

Qutput

wer
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Weight (Full | Dimensions (H x W
UPS Model | Cabling Mode Capaci
g pacity Configuration)| X D)

UPS5000-E- Routed in and out from the 330 K
200K-SM top or bottom 50 kVA, g

Routed in and out from the 100 kVA, 2000 mm x 600 mm
UPS5000-E- | top, routed in and out from | 150 kVA, 390 k x 850 mm
200K-FM the bottom (install a cable 200 kVA 9

entry cabinet)

UPS5000-E-200K-SM UPS5000-E-200K-FM

11 l r P
7—1--
5
6
6
8
5
He—— ey
& — 7
7 C 8
e ) [ — [
]
Al el Pl
r
UA18W00001 UAO7W00001

(1) Power modules (2) Bypass module (3) Control module (CM)

(4) Power distribution subrack cover (5) Filler panel

(8) Folder
(11) Output switch

(6) Monitor display unit (MDU)

(7) Maintenance bypass switch (9) Bypass input switch

(10) Main input switch
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bypass J! <3Sy main Power cables input 4 i Jial <SUS Jua gl

M10x30

UAD7100004

UPS as gl dui 1) g AN @SS Juua 58

e,
M10x30

UAO7100003
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UA07100002
[Batteries |

Battery 1
©)
©]

Battery 20 S =5
Q =) = = L+ Po|
4| o [

a4 SSme

Battery 21
C)

Battery 40)
¢
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UPS5000-E-200K 3a 5 &by jUay Gibea

144kW load backup 5 minutes UPS and battery calculation

Item desciption Calculation Formula Unit Value
Total load power consumption P, kW 144
Load power factor cosd / 0.96
Load apparent power S,=P +cosd kVA 150.00
UPS Selection Sups kVA 150
UPS Load rate A=S5, + Sypex100% / 100.00%
UPS efficiency n / 95.00%
Tn_DtaI battery power required for constant power W,,=P 41 KW 151.58
discharge
The number of banks for UPS Ng pcs 1
The number of battery unit for per bank N, pcs 40
Discharge power requirement of per cell battery W =Wix1000+Ng+N,,/6 W/cell 631.58
Battery Model Selection / / power.com XC 122600
Capacity of per battery bank / Ah 86
End of discharge voltage / v 167
Backup time / mirn 5
Discharge power O.If per cell battery for selected Wop. W/cell 637.60
model@1.67V,5min
Verify battery selection, deviation V=(W g — Wog W, x100% / 0.95%
1 bank with 40 units
Battery selection result / / 12V/86Ah battery for
gach UPS
[eatieni] @oks | Exid | a5 | 873 | 43 | ‘183 .8
5'-_&'\;'-;'.‘[ sina arr e 4241 T 210A | et 2 3
1LF0Vicel | TH™E E1T.T 4415 347 4 144 1377 1.4 731 51.3 %A A ir.n 5
[ervea | meaa [ ez | aand4 | sass | 2ia@ | d2rr | we | va0 | e1a | A | ma rs | mA& | 475
|1.ECVAewll | 32 8 ET3. 4543 3481 2148 T o6 a1 .3 35.8 ¥a i a1.5 173
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144kW load backup 10 minutes UPS and battery calculation

Item desciption Calculation formula Unit Value
Total load power consumption P kW 14400
Load power factor COsp ! 0.96
Load apparent power S,=P +cosp kWA 150.00
Total UPS capacity (each side) Syups kWA 150
UPS Load rate A=S, + S pex100% I 100.00%
UPS Inverter efficiency on battery model n ! 96.00%
UPS heat consumption Q kW 6.00
Battery type / / SmartLi
battery backup time T mir 10
Dischange rata ! 6
Efficiency of Li-ion Battery Cell K1 ! 0.8
Efficiency of UPS Battery Inverter K2 f 0.95
Derated Factor of Battery Parallel System K3 ! 0.98
Efficiency of Intelligent Battery Management Module K4 ! 0.98
MNominal Capacity at the initial capacity C kWh 68.54
B0% Cut-off Capacity ( EOL of 10 years) at 30T C1 KWh 54 832
Li-battery Cabinet Qty. N=P /(K1 *K2*"K3*K4)* TI60/C nos 0.48
Li-battery config: cabinet nos / nos 0.50
Actual backup time at the initial capacity ! min 1042
Actual backup time at 80% Cut-off Capacity ! min 8.34

0.5 nos Li-battery
Battery selection resultieach side) ! ! cabinets for each
side UPS

UPS heat consumption (150kVA UPS) 144/0.96-144 kW 6.00
LithiEJrn battery heat consumption (0.5 Li-battery / W 118
Cabinet for 150kVA UPS)
Charging ime Charging current: 30 A, h 700

Charge rate: 0.2C

TUharge perisrmance s different charpe rate

Wiltage V)

—
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A )l LoE saa gl o fs Hlale

B&passrnoduhénaﬂwithh

At 408 iy 1Y

IFP20100140A-27 AN

Cut-off Voltage:

Model:
Manufacturer: Hefei Gotion High-tech Power Energy Co., Ltd.
Nominal capacity: 27 Ah
Nominal voltage: 32v
Chemistry: Lithium ion, LiIFePO.
Maximum charge current: 54 A
Maximum discharge current: 162 A
Maximum charge voltage: 3.65 WV
Upper limit charging voltage 3.85 WV
2 W

Charge temperature range:

-10T to 60T

Discharge temperature range:

-30°C to 65T

External dimensions:

T*W*H: (21.3+0.9) mm*(100.5+0.5) mm*(144.8+0.5) mm

Weight:

605g+18g

UL 1973 compliant:

[1ves/ [1No Reference: N/A

UL 9540A report provided:

1234567 8404
e

Reference: Report No. 80064652, issued
] ves/ ] No | ¢
v CSA

Fiaure 1. View of component cell.
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A8l 4 Ul i3 oAy el gy ol 4y Alaiall JleadU Gl 13ga dakiie yall 48Ul 52 5 pSle i g
ot L8 Sl Y aisall Ll (A0 aga (s UPS dxkiiall e 28U sas 5 (uSlad 4505
AT 8 5 4 Ul a8 s 2oy i A8l > A e Lliall

(8]
o ]
5|2 ]
S |2
130 F 1 —_15KW
125 |
4 14KW
120 POWER = V*A
1153KW
112KW

MINUTES

There are different methods to connect the battery with the inverter of UPS. Battery can be connected directly to

innut of the inverter (refer Fieure 8)

Jade 38l 4 el Jua 8 Sy dalaiiall yee 48Ul Bas 5 LuSlay 4y el Jua 511 430 (3 )la Cllia
(Sul JS&N sl ) inverter

the 3 )i s inverter Jdaaidll E)Q\ Jeaa e Jal8 IS 4 el e Jaad) aatiay Allal) s2a s
.inverter bridge

Rectifier Inverter
/\/ o Output to
| Critical

e /\/ Load

Mains Supply

: _ Battery
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JSA) xal ) UPS Y 23S DC-DC Jsae z A dpasi sl s DC-DC Jsnay 4yl Jua 58 5y
the inverter i 5 (Slall Juaiall 7 all Jos e &y el e Jeall aainy Allal) o2 3 )
A slhaal) 4y el dais (e 2 1 38 Lae «DC-DC Jsnne yilad SIS <bridge

_g: Rectifier Inverter

§' /\/ T Output to
2 = ! /\/ Critical
g Load

LT

b

Battery S
Battery
Charger

6 s Jal gl oyl Lol gl g/ 5 (VA) sl cal illy dadaiia izl 48Ul 30 o 48Ua Colagi apas oy
3% Jdle 3 Gy e el gl Caiual

53 dale X el il gdlh UPS z 4 = Ll lh UPS A ddla Cyiaa

i O sy Linverter 36U e U guia Ll b UPS z) A) ciuial s asaaill (a2l 4 el Jea
5oaiall Axladia yaall AUl 3as 5 Gl yaa (e 3e )

UPS output power in kilo watts X1000

Nominal battery load in W =
Inverter efficiency

Nominal battery load in W

Nominal battery load in W/Battery =
No of Battery
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|Battery Load in W/Battery = Nominal battery load in W/Battery x ageing

|factor x temperature correction factor x design margin

4 cliia) gal) )l UPS Aadaiia pad) 4l 1<) ABUal) Bas g LSA) a3 il LA &y jldie aa) @

ag jdaly aauagiua‘;ng

10 mins backup on a 500KVA UPS with an output power factor of 0.8

UPS Rating (KVA) S500KVA Specified by Customer or Consultant
Actual Load on UPS (KVA) S500KVA Specified by Customer or Consultant
Qutput Power Factor 08 Specified by Customer or Consultant
Inverter Efficiency (n) 95% Based on UPS Manufacturer's data

No of Batteries 50 Nos Based on UPS Manufacturer's data

End Cell Voltage (ECV) 1.75V Specified by Customer or Consultant
Backup time required (in mins) 10 mins Specified by Customer or Consultant
Ageing Factor 1.25 Specified by Customer or Consultant
Design Margin 1 Specified by Customer or Consultant

Temperature Correction Factor

Specified by Customer or Consultant

Arrive UPS output power rating in watts = UPS output in volts-amperes x

power factor

=500 x 0.8=400 kw

Arrive the nominal battery load in W

Nominal battery load in W

Al 3 ghadl
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UPS output power in KW X1000 Answer of Step 1
Inverter efficiency Inverter efficiency
400 X 1000
------------------ = 421053 W
0.95




JENEY 5 ghadl)
Arrive the nominal battery load in W per Battery

Answer of step 2 4721053
Nominal battery load in W/Battery = -----=-=-meeeeeee--- = e = 8421 W/Battery
No of Battery 50

dayl ) 5 ghadl)
Arrive at the adjusted battery power required by taking into consideration design
margin, ageing factor and TCF (Temperature correction factor)

Adjusted nominal battery load in W/Battery = Answer of Step 3 X Design
Margin X Ageing Factor X TCF

=8421.05X1X1.25X1
=10526 W/Battery

As the maximum available AH is 200AH Battery in 12V SMF VRLA battery, we need
to parallel multiple strings of battery to achieve the desired backup time.

Lalil) 5 ghadl)

Watts/Per battery required (Answer of step 4)
No of strings required =

Watts the battery can deliver
(from battery manufacturer datasheet)

A 180AH battery can deliver 3552 W at end cell voltage of 1.75V/Cell for 10 mins
10526 W
= — — = 2.96 strings = 3 strings
3552W

A string IS 2 4tk 50 2eAH 160 4 s (13 strings O ¢ s bid) 138 (B &5 Gag
Auli/clgd 1,75 dly o3 Al A aga die Lhalial) 3683 10
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800kVA IT UPS for POD's retime is 7 Min

Product datasheet

Epacications

Galaxy VL UPS 200 scalable to
500kW, 400/480V, Start-up 5x8

(] GNLI DR S000E

Battery Selection Parameters

Data:

UPS Range : Galaxy VXL
Nominal Rating (kVA) : 800
Power factor : 0.9

Load power (kW) : 720 kW AC
DC/AC Efficiency : 96%
Battery power (BP) : 750000 W DC
Cells per string (n) ¢ 136

Total final voltage : 384VDC
Final voltage per cell 3VDC
Total # of Cabinets (N) : 4

Aging Factor (AF) 1.00
Design Margin (DM) 1 1.25

Power to be supplied per Cell / Cabinet for LIBSESMGG17IEC, with reference to

Data performance:
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Pcell=BP xDM x AF / (n x N)

Power Supplied Per Cell (P cell) =750000x 1x1.25/(136x4)=1723,34 W
Power Supplied Per Cabinet (P cab): 184 kW

Runtime: 7.0 Minutes @ End of Life (EOL)
Chosen battery 4 Cabinets x LIBSESMG17IEC (Samsung 136S1P)

GVXL - 875kW 400V/50Hz pf 0.9. Runtime in minutes. End of life data
# cabinets (Samsung 13651P). EOL: 10.1 yr/80% SOH/23°C ambient. Version 36

UPSLoad DCload 3 q 5 6 7 8 9 10
22% 199 23:30 31:30 39:30 48:00 56:00 64:00 72:30 80:30
44% 398 11:00 19:30 23:30 27:30 31:30 35:30 39:30
| 29 L0200 12:30 15:00 18:00 20:30 23:30 26:00
87% 796 - 9:20 11:00 13:00 15:00 17:30 19:30
Nominal capacity W 103.8 173.0 207.6 242.2 276.8 311.4 346.0

* Only partial discharge.

Tolerance is +/-10% at Begin of Life (BOL). End of Life (EOL) tolerances will double the BOL tolerances.
All data may change without notice.

Valid for both the ELPM 182 module as well as the EM2031 module

Heat Dissipation Table

GVXL - 875kW 400V/50Hz pf 0.9. Total heat loss (kW) after a discharge (up to 6 h).
# cabinets (Samsung 13651P). SOH 80%. Charger setting 20%. Version 36.
UPSLoad 3 4 5 6 7 8 9 10
22% 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
44% 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
65% 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.9
87% - 1.1 I 1.1 1.1 1.1 1.1 1.2 1.2
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200kVA Mech UPS for POD's

Product datasheet

Spocifcatons

Galaxy VWS UPS 100kW 400% for
External Batteries, Start-up Sx8

GNWSUFS100HFS

Battery Selection Parameters

Data:

UPS Range : Galaxy VL
Nominal Rating (kVA) : 200

Power factor : 0.9

Load power (kW) : 180 kw AC
DC/AC Efficiency 1 96.3%
Battery power (BP) 173340 W DC
Cells per string (n) : 128

Total final voltage : 384VDC
Final voltage per cell 3VvDC
Total # of Cabinets (N) i

Aging Factor (AF) 1.00
Design Margin (DM) 1.25
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Power to be supplied per Cell / Cabinet for LIBSESMGG16IEC, with reference to
Data performance:

P cell=BP x DM x AF / (n x N)

Power Supplied Per Cell (P cell) =173340x1x1.25/ (128 x 2) = 846.40 W
Power Supplied Per Cabinet (P cab) : 173 kW

Runtime: 15.0 Minutes @ End Of Life (EOL)

Chosen battery 2 Cabinets x LIBSESMG16IEC (Samsung 128S1P)

GVL - 200kW 400V/50Hz pf 0.9. Runtime in minutes. End of life data
# cabinets (Samsung 12851P). EOL: 10.1 yr/80% SOH/23°C ambient. Version 36
UPSLoad DClLoad 1 2 3 4 5 b 7 8
23% 46.9 31:30 64:00 96:30 125:00 160:00 190:00 225:00 255:00
45% 93.4 15:30 31:30 48:00 64:30 80:30 97:00 110:00 130:00
68% 140 10:00 20:30 31:30 42:30 53:30 64:30 75:30 86:00
90% 187 7:00* 15:00 23:30 31:20 40:00 48:00 56:00 64.30
Nominal capacity [kWh] 32.6 65.2 97.8 130.4 163.0 195.6 228.2 260.8
* Only partial discharge.
Tolerance is +/-10% at Begin of Life (BOL). End of Life (EOL) tolerances will double the BOL tolerances.
All data may change without notice.
Valid for both the ELPM 182 module as well as the EM2031 module
Heat Dissipation Table
GVL - 200kW 400V/50Hz pf 0.9. Total heat loss (kW) after a discharge (up to 6 h).
# cabinets (Samsung 12851P). SOH 80%. Charger setting 20%. Version 36.
UPSLoad 1 2 3 4 5 6 7 8
23% 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
45% 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
68% 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
90% 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3
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250kVA Mech UPS for HOUSE LOAD

Battery Selection Parameters

Data:

UPS Range : Galaxy VL
Nominal Rating (kVA) : 250

Power factor : 09

Load power (kW) 1 225 kw AC
DC/AC Efficiency 1 96.3%
Battery power (BP) 1 233402.5 W DC
Cells per string (n) : 128

Total final voltage . 384VDC
Final voltage per cell : 3VvDC
Total # of Cabinets (N) : 3

Aging Factor (AF) : 1.00
Design Margin (DM) : 1.25

Power to be supplied per Cell / Cabinet for LIBSESMGG16IEC, with reference to
Data performance:

Pcell=BP xDM x AF / (n x N)

Power Supplied Per Cell (P cell) =233402.5x1x1.25/(128 x3) =607,90 W
Power Supplied Per Cabinet (P cab) : 173 kW
Chosen battery 3 Cabinets x LIBSESMG16IEC (Samsung 128S1P)
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Runtime: 15.0 Minutes @ End Of Life (EOL)

GVL - 250kW 400V/50Hz pf 0.9. Runtime in minutes. End of life data
# cabinets (Samsung 12851P). EOL: 10.1 yr/80% SOH/23°C ambient. Version 36

UPSLoad DClLoad 1 2 3 4 5 6 7 8

23% 58.6 25:00 51:00 77:00 100:00 125:00 155:00 180:00 205:00

45% 117 12:00 25:00 38:00 51:00 64:00 77:30 90:30 100:00

68% 175 7:50 16:30 25:00 34:00 42:30 51:30 60:00 69:00

90% 234 - 12:00 I _18:30 25:00 31:30 38:00 44:30 51:00
Nominal capacity [kWh] 32.6 65.2 97.8 130.4 163.0 195.6 228.2 260.8

* Only partial discharge.

Tolerance is +/-10% at Begin of Life (BOL). End of Life (EOL) tolerances will double the BOL tolerances.
All data may change without notice.

Valid for both the ELPM 182 module as well as the EM2031 module

Heat Dissipation Table

GVL - 250kW 400V/50Hz pf 0.9. Total heat loss (kW) after a discharge (up to 6 h).
# cabinets (Samsung 12851P). SOH 80%. Charger setting 20%. Version 36.
UPSLoad 1 2 3 4 5 6 7 8
23% 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
45% 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
68% 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3
90% - 0.3 0.3 0.3 0.4 0.4 0.4 0.4

UPS 40kVA, PF=1, Vdc=240Vdyv, Vcutoff=1.70V/cell, DC/AC efficiency at 80% of
charge n80%=95%

Charge 32kW, Autonomy 30 mins
Battery used: Vbat= 12V (formed from 6 cells in series of 2V), 40Ah
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The power supplied by the batteries will be: Ppat = P charge  _ 32,000 W = 33 484 W
neo 0.95

From the constant power discharge table (at 25°C] taken from the battery data sheet:

F.V/time 2mins 4mins 5mins émins 8 mins 10 mins 15 mins 20 mins 30 mins 40 mins 45 mins 50 mins 60 mins 90 mins

1.60V 1,794 | 1,636 | 1,373 | 1,263 | 968 788 577 463 421 387 335 244
1.65V 1,673 | 1,534 | 1,303 | 1,205 | 944 763 564 454 417 386 334 240
1.67V 1,624 | 1,494 | 1,275 | 1,182 | 935 753 559 451 415 386 334 239
1.70v 1,549 | 1,430 | 1,228 | 1,143 | 914 737 m 442 409 382 332 236
1.75V 1,422 | 1,321 | 1,149 | 1,075 | 877 704 530 428 399 374 325 231
1.80V 1,302 | 1,217 | 1,069 | 1,006 | 825 675 507 410 383 361 314 226
1.85V 1,188 18 996 943 773 639 486 396 364 337 296 222

We have established that each battery supplies 548 W for a 30 minute discharge,
up to a voltage of a

1.70 V cell.

From the voltage Vbat allowed by the UPS, we can deduce that the single battery
branch will contain:

Voc _ 240V _ .
Voo —-12 v 20 batteries

So, to have 60 minutes, each branch will have to provide:

Poranch = 548 W x 20 = 10,960 W

To supply the charge you will need:

Poat = 33,648 W
Pbrénch' 10,960 W

Nbra‘nches =

=3.07= 3
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Three branches of 20 batteries will therefore be needed, making a total 60
batteries, to have 30 mins

of autonomy on a 32-kW charge.

MODEL SPECIFICTIONS

MODEL

Capacity

Input voltage range

Input frequency
Input PF

Voltage regulation
Qutput frequency
Qutput PF

Overload capability
(Inverter mode)

Overload capability
(Battery mode)

Crest factor
Efficiency
Display

Battery voltage

Battery type/number

Interface
Optional

Operation temperature

Relative humidity

W*D*H({mm)

Weight(kg)

DGR11015 DGR11025 DGR11035

DGR1101L

DGR1102L DGR1103L

TkVA 2ZKVA 3kVA

110V ac-288Vac

100% load@=176Vac; 80% load@=154Vac
70% load@=>132Vac; 50% lead@=110Vac

40-7T0H=z
=0.97
1 %
50/60Hz
0.9

105%-130%: to bypass 1 min;
150%: to bypass after 30 sec

105%-130%: shutdown after 10 sec;
150%: shutdown after 5 sec

3:1
B7% 91% 90%
LED+LCD
36Vdc T2Vdc 26\ dc
12V, 7AR*3 12V, 7TAh*G 12V, TAh™8
External
R5232.EPC
USB, SNMP, Dry contacts
0-40°C

6 ad) Jla

DGR1106XS DGR1110X3

DGR1106XL DGR1110XL

BKWVA T0KVA

100% loadi@ > 176Vac, 90% load@ > 160Vac
&0% badi@ > 140%ac; 60% lead@ > 110Vac

=0.99

1.0

110%:for 10 min ;125%:for 1min ;
150%:for 30 sec

110%: shut down after 1 min;
130% :shut down after 10 sec;
=130%: shut down after 200 ms

95%

192Vdc

12V, 7Ah*16 12V, 9A0*16

USB, SNMP, ECO kit, Dry contacts,
Battery cabinet

0-95%(non-condensing)

440"430"86 4407480"173 44074807173
440*430*86 440*480*86 440*480°86
11.5 25 31
7 B 9.5

440*660*173
440*550*86
59 B7

17.5 20.5
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Specifications

Battery Model

GFM12-9

Design Life (years, 25°C)

Capacity (Ah, 25°C)

20HR (0.45A, 1.75V) 10HR (0.82A, 1.75V)

SHR (1.44A, 1.75V)

1HR(5.314A, 1.70V)

9 82 7.2 5.314
: Length Width Height Total Height
Dimensions (mm)
151 65.5 94 99

Approx. Weight (kg)

262

Reference Internal Resistance (mQ)

14 ( full charged @ 25°C)

Maximum Discharge Current (A/5 Sec.)

135

Self-Discharge (25°C)

= 3% per month

Charge Voltage (V/cell, 25°C)

Cycle use

Float use

245 (-3.5mV/°C/cell), max charge current: 2.7 A

2.27 (-3.5mV/°C/cell)

Short Circuit Current (A)

230

BATTERY SIZING CALCULATION

kVAlpad x 1000 x PF
Ah@Cht = : i x BT
Eff.inverter % No.ofcells % Voltage@endcell
Effciency : Inverter efficiency AT
kVA + Load designed apparent power i s5.63 |kva
PF :  Power factor (use (.8 lagging) :| o.80
Ah@Cbt < Ah capacity of battery at required backup time .
No. of cells :  Number of series connected battery cells +| 240.00 |Nos
End Cell Voltage : Battery cell voltage at end of discharge o 175 |v
BT : Battery Discharge Time(w 10 mins. constant :| o0.20
Ah@Cbt =r 5625 x 1000 X 0.8 1 *  0.40
(095 x 240 x 175 )
Ah@cbt = 4.51 [an |
Make :|SACRED SUMN
Model Number :|GFm 12-9
Capacity | 2AH
Volatge per cell H
Mo Of Cells :|240.00
Back Up in mins. |10
Conclusion : As per attached Manufacturer Catalogue SACRED SUN  model GFM 12-9
Capacity 9AH Ah of VDC 2 vV of 240 Cellsis considered for
10 hrs. backup
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UPS Battery Calculation
1000kw UPS
UPS Notes: T_Cube Version 4 5/11/2021 ENTER DATA HERE
UPSCapkw: 1000 ** SALES & SERVICE VERSION- UPS EVERY TIME A SELECTION IS CHANGED, SELECT EACH OPTION AGAIN! |
gofStrings: 6 EMEA/APAC UPS SIZE (kW)
**CONFIDENTIAL: PROPERTY OF VERTIV [ of Strings 128:5amsung 25C, 136=Samsung 25C, 8825=HPL_4 25C , 8830=HPL_
PUBLISHED RUN TIMES ABOVE 10 MINUTES ARE ROUNDED DOWN TO WHOLE MINUTES Lithium Brand sung * 30C, 11025=HPL_5 25C, 11030=HPL_5 30C , 13225=HPL_§ 25C, 13230=HPL_6 30C,
Lithium Description 128 15425=HPL_7 25C , 15430=HPL_7 30C
RUNTIME BOL/EOL | 85/6.5]

BOL and EOL Runtime vs Load for 1000kW T_Cube 128 cells with 6 Strings

BOL and EOL Runtime vs Load for 1000kW T_Cube 128 cells with 6 Strings

B0 EoL w0l a0
I kws/
LoadPercent | LoadkW | Efficiency | kw8 Y 3 N WPC/Batt EODV
String | Run Time MIN | Run Time MIN
System
20% 2000 os0n] 20833 347 50,00 39.00) 1628] 3.20
o5.0% 26042  a3.00) 40.00 31.00) zu% 3.20)
06.0% 31250} 51@ 33.00 25.50) 2641 ERT! [
06.0% 364,58 60.76] 20.00 2.0 2848 320 5
96.0% 416,67 69.44) 24,50 18.50) 3255 | £
o6.0% _a6e.7s[ 7813 21.50 16.50] 366_2| 30 5 Chart Ar
95.0%' 520.83] 86.81 19.00 15.00' 4069 3.20 E
55%| ss0  osow] s729)  gsan 1750 13.00] 4476 320 3 —_——
60%| 600 060w 62500[ 10417 15.50 12.00] 4883 30 ©
65%| 650 osow| 67708 11285 1450 11.00] 5200 3.0
70%] 700 oeow| 72047 12153 13.50) w000 5697 3.20|
130.21] 12.50) 9.50] 6104 3.20)
138.89) 1100 850 6510 3.2
147.57) 10.50 8.00 6917 3.0 i
156.25| 10.00} 71.50] 7324 3.20] 0% 5% 30% I5% 40% 45K 0N S5% G0% 65% 0% T5% B0% 8S% 90% 9% 100K
164.93 9,50 m_ol 7731 3.20) CERERT A
100%)| 1000 o6.0%] 104167 17361 850 6.50) 8138 3.20)

Proposed 6No. battery cabinets Samsung 128 for each 950 kw ups

UPS Battery Calculation
600kW UPS
UPS Notes: T_Cube Version 4 5/11/2021 ENTER DATAHERE |
uPsCapkw: 600 ** SALES & SERVICE VERSION- ups T EVERY TIME. ]
#of Strings: 4 EMEA/APAC UPS SIZE (kW) 600]
**CONFIDENTIAL: PROPERTY OF VERTIV  |# of Strings 4| Lithiu 2s¢, 25¢, 8825=HPL_4 25C , B830=HPL_
PUBLISHED RUN TIMES ABOVE 10 MINUTES ARE ROUNDED DOWN TO WHOLE MINUTES Lithium Brand Samsung|  30C, 11025=HPL_S 25C , 11030=HPL_5 30C , 13225=HPL_6 25C , 13230=HPL_6 30C,
| Lithium Description | 128 15425=HPL_7 25C , 15430=HPL_7 30C
RUNTIME BOL/EOL | 10/7.5]

BOL and EOL Runtime vs Load for 600kW T_Cube 128 cells with 4 Strings

BOL and EOL Runtime vs Load for 600kW T_Cube 128 cells with 4 Strings

BOL EOL BOL 00
WPC/Batt EODV

System
20%) 120) 12500 3125} 58.50) 43.50) 977 3.20}

WB/

Load Percent | Load kW | Efficiency [ kws : .
String | RunTime MIN | Run Time MIN

240 . 250.00]

RUN TIME [MINUTES)

96.0%| 437.50] 109.38]
06.0%| 468.75] 117.19)]
500.00] _125.00]

81

20% 25% 0% 35% 4D% 4SW SO% SS% GO 65N 70% 7S% BO% AS% 90% 95% 100%

96.0%| 593.75] 148.44) X 8.00) 4630 3.20] PERCENT LOAD

96.0%| 625.00] 156.29] 10.00] 7.50) 4883

Proposed 4No. battery cabinets Samsung 128 for each 570 kw ups
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neutral cross section =2 x phase cross section in Sq mm

A OIS e Aaeal) i aladinly UPS JUaY du sthall cOUSH m jall aduil) 3RS (S
Sle AW KVA = Jiay) ddls sl casy oSl

Connected Loaddiall Jasll 3>
Efficiency of the Inverter_Slall 3. 3>
Al padis B 3

Efficiency of Rectifier »s&all 3cls8 3>
Input power factor of rectifier 5% Jale >
Jarall Juiill dga (g (2 asl) 3

Capacity of UPS in KVA X Output Power Factor X 1000

Inverter Input Power=

Inverter Efficiency

Inverter Input Power + Battery Charging Power

Rectifier Input Power = oo i e e e e e - .

Efficiency of Rectifier

Rectifier Input Power in W
Input PowerinVA = -—-—nr i i i -
Input Power Factor

(156)



san g (uSlal A4 A8 4y jUall a5 oy Ul g i oL, 45 Alaiall JleaSU GG 32 UPS USle Jigy
(i Al x oA e Blaall a8l ol GuSlall ) el Ul JAo aga (idsy dakatie el A3
aad) ie Ll e 4 el eliy GOSN UPS JLia) aaing o qang, 1N 885 2 Uil ey 5d s 2l

ool drgeall e 2l aadaiinl (Say Al 5 caaEl dea (e S0V

UPS Capacity in KVA X Power Factor X 1000

Current I _in A =

No of Cells X End Cell Voltage X Inverter efficiency

Cable datasheet

Uinimyovin Sizel(area) Conductor Orverall Diameter Conductor Mz

Cable Diarneter “Max" “Max” Resistance Current Rating

at 20°C "Max” “Amps”

Core “Sq. mm” “mm” “mm" * O 200mMm" BS-G-177

22 0.347 0.838 2 49.66 i1

20 0.566 1.04 23 30.95 14

18 0.966 1.32 2.5 17.82 18

16 1A T 1.55 2.8 147 21

14 2.05 1.95 3.4 B8.41 31

12 3.22 243 3.8 5.35 43

10 5.33 3.15 5 3.23 [=h}

8 B.76 4.24 6.3 1.97F a7

(5] 13.3 5.54 75 1.3 115

4 21.5 6.9 2.3 0.802 160

2 33.3 8.76 1F 0.517 200

1 40.7 2.75 122 0.423 220

a 53 11 13.7 0.325 240

o] 68.3 12.4 15.4 0.252 270

o 84.2 13.2 16.9 0.204 300

o] 102 15.6 18.7 0.158 350
Ambient Tem. “C 40 45 B0 55 B0 B85 70 = 80 85 o0 as 100
Derating Factors 1 0.9 0.92 o.88 0.83 o788 0.75 0.73 0.68 o.8z2| 0.53 0.48 0.3

|
1

Maximum Continuous Rating Amperes in Free Air
Uninyvin Cable “Sg. mm
[} "Single Cable 3 Bunched 7 Bunched 2 Bunched
Cables Cables Cables
22 0.347 11 7 5 4
20 0.566 14 ] 7 5
18 0.966 18 13 10 ]
16 1.17 21 15 11 7
14 2058 31 24 17 121t
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Thermal element for overcurrent and Magnetic element for short circuit release

which has to MCCBs are now available with a variety of releases or operating
mechanisms and these are given below

e Thermal Magnetic Release
e Electronic Release
e Microprocessor Release

o gl 2

e Design guide for UPS by FUJI Electric
e Electrical know how
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KVA gen = (KVA UPS + KVA battery charge)/ (0.8 x n) + KVA Essential loads

Where:

» nisthe efficiency of the UPS
» 0.8 isthe deration factor

(bl Jaall 5o 23l 15) UPS KVA (e AWl 25 ) 0 (e ple S8 KVA 4ay (i 7 )
L 8 UPS KVA (e 2ally 25 aadinds b jma oS o 13)

‘_Atm_i ‘;;4).1 Lulﬁ ‘z\éjJM e UPS peleS CilS \Jj

» Use 0.85if UPSis less than 100 kW
» Use 0.875if UPS is greater than or equal to 100 kW and less than 500 kW
» Use 0.90if UPS is greater than or equal to 500 kW

the Rule of thumb -3 4xtil) 43y )
85 il Zalal il e (iany ol sall e same s UPS oLl (s panl allay

e st A A Sl il sall ¢ gana paa sl @l ghad )l G GsSall MU o) el ardig
il san JS (e ¢ 528 44l UPS Akl

<) g LSl UPS <Miaa (e duayl 11 a8 5 ghadl)
Al gal) anal Ga¥) aad) cpaaii 12 a8 B ghdl)
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Lzl oY) asll la csix-pulse rectifier o sisy ¢l (alall dakiie ) d8Uall as g sl ()< 13
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1.6 x &) 9 lslh UPS Jase

Lzl oY) asll s ¢ 12-pulse rectifier o sisy ¢l (alall dakiie el 48Ul aa g sl (1S 13
Lf}l'““:’ A=ty eb}
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1.4 x <l gsbsl UPS Jasa

s AY Jall d i) B ok 13 ad ) 3 ghdll

Gkl 8 6 AY) Jlaa¥) Clainl il sall de sene ana aad (e U
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12 a8 3 ghadl)
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Sy Aal ol alg A Ol 58 (g2l cnlaling g oSl il fase o Lo A sall Jany s
4ashs i ddle Ax 0 ) aRall sl Ll gl Cua e TS Al e il all deliia < ks
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Al AL jalias (e AT jaas gl gl da sradl o) sl
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0585 Of S Al el S jaall (ge maad) G LeS el a5l (pe il Lgaal 4l e S jaall
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Prime Power (PRP)

Emergency Standby Power (ESP)

Limited-Time Running Power (LTP)

Continuous Power (COP)

Data Center Continuous (DCC)

o drenill Jale Jaws sia s Jaadl ity ¢ (s sl Jaanfill iy a al gall ZiUal) Caas (S5 30 <l Sl
Ao gana olf Calitg ¢ clld oy ¢ Adbine cliyiail 188 il sall e sene alaiiinl Sy 4l HSXE O agall
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Generator Set Emergency Limited Time Prime Rated Continuous

Rating Standby Power Prime Power Operating Power
(1S08528-1) (ESP) (LTP) (PRP) (COP)

Load Type Variable Constant Variable Constant

Annual o o
operating hours 200 500 Unlimited Unlimited
Average load 70% 100% 70% 100%
10% (1 hr/12 hrs,
N No 25 hrslyear)* il

Max. Alternator
Rating (NEMA Standby Standby Continuous Continuous

MG1-32)

Class H Class H
Max. Alternator Standby 150/40 Standby 150/40 Class H 125/40 Class H 125/40
IIQatings Standby 163/27 Standby 163/27 Class F 105/40 Class F 105/40
Class F Class F Class B 80/40 Class B 80/40

Standby 125/40 Standby 125/40

3000
2750

2500 2500 2500 2500 2500
2500
§ 2100 2100
= 2000
]
2
[=]
o
5 1500 . .
2 % o
(]
© < <
2 1000 ; |=.
ol of o o o ofl o
i = c c = -
= = - =
500 o B < ® [Tl c 0 <
X gw 14 (14 X o
= g = = = é
=] =] =] =
0 L= L L w =
ESP PRP LTP COP DCC
200 Hrslyr 500 Hrsfyr

(162)



1-Emergency Standby Generators

Aty el il g el xie i 5 ) shall cWla & Adalaa W) colal gall alasiind 4 ¢ and) oo g
J8 (e Gl oLl g Dl dle 1 Jie 48 41 g0 Al ) pliag 3l Cileliall (e el 8 Lgalasiin)

A0 A5l ahbiall b S a5 3l

200 (3 J8) Usins 3 g0 alasiind 4l ) &40 aliia W) o gall apana o ¢ ) A8 A e (uSe e,
Juea¥l ey i€y (S5 (bl il (o + 770 Jpead Jale Lo sy Al 8 Uy 55 Aol
.prime genset Jic ¢ 3 jidll

2-Limited Time Running Power Generators

Lﬁjﬂ\dﬁa;\wdm‘):}'cd‘.aaiMMQ‘&J\JJJMM&LLJMLHJQ‘Q\A&)JM
O+ 7100 Lty Jpen Jele Jaws sin Uiyl agoal, J81 5l 4eli 500 () oy 18 5 (5 s Jonelii i
et )] Gl

3-Prime Rated Power (PRP)

Ag)lad A8l 38 e Juai¥) (5 deadinall Cilal sl e Sale 138 clal gall de gane Caiead Gadal A,
A a8 sall e 4808 7 JA &8 sl Jusiii o Jlaa¥) 5 1) 5 i pall aladina¥) A d saill clipdaill Jads
OS5 ALl dadl (0 9470 3ale W seall Jale Jawgie dly amy o sl i jalaal o Guaedll Gllee
Ga 3s2na e 23l Jeny Of PRP sl 53 & paall (Say ¢« ESPeiiiaill cild Glalsall e e
Aelu 12 JS saal g delu bl aa) 5yl dyie ) il 0910 dseats 20 31 Jrenil) drsy prans)  ile L)

(G Aol 400 (ool 2ny

4-Continuous Power Generators

Jie 253na i &l gia (g sin Juidl G5 agalPrime Sl g iy aa ) 40 3 i) d8Ual) il g
OSar Vs 7 100 Aty Jrent Jale Jans s Lgpal g ¢ Jaal) 8 G UGS i g8 ¢ Al g ¢ 2 al

s Al a8 gall 8 il 85 patusal) clal sl axdind, a1 alsall e e i) JS Lelans
Cand aaliall b 4 sl dadail 5 & ) el 8 cilacaal) Jedi Jie ¢ ol Jaall cligdal Y Ja

L oaY)

5-Data Center Continuous (DCC)

S bl 81 e Zliad bl S el dEal jig A clalpal) e iy Vo s Cluieat 14
Jg3na ye 2dal Jeall DCP caaill ld lal gall Sy GlIA cpUadi) () g0 48l pd il dbarada jalas
Uptimesens 0 e sl oa e 4l pall cud A saal) Jale Janisia Lo 338 (50 oLl (e

el el s (8 T Al Al o oy Alie &y i) Aalaie (a5
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i 1) A g e’

Engine

Generator Tier I
Requirements

Capable of
supporing design
load for unlimited
hours at site
conditions

Any, up to Capable of
nameplate rating to supporting design
support design load load for unlirmited
hours at site
conditions

Any; up to
— = nameplate rating to
Riaing $0 S PO support design load

design loac

Continuous Full nameplate capacity

Option 1. 70% of nameplate capacity
Option 2: Larger capacity than Option 1
with manutacturer letter

Ce

Prime
No additional requirement for hours of
operation hmitations

be used for Tier Il and Tier IV with
wifacturer letter; Tier Certification
capacity dependent on manufacturer letter

Standby

Derating for Site Additional derating may be required due to site conditions (ambient temperatures,
Conditions elevation)—consult manufacturer requirements

Tier 1l &Tier IV (% 3! Uptime ¢ clikia DCC A gall b

..."&ﬂy m‘f && \ﬁfﬂ 5' ll...

&l s S (s sivall (e Uptime Institute 33led s 1ISO 8528-1 ey

"o gall 8 A8 £L) g bl S el A8 (5 65 sall an gl Haadll

" 1axina o gall (0 5Ss O ng Al s Ja SLE8 L 5eSh) L) Ul yiay Y

A8 ) jlae ) ALY ¢ Vs sial) sl T s sinall o el Al ga ol d g O ang >
" jaall Al ga Al aladiuly a8 sall agles ol o) Sl cl jlial | o ,aY) daclall yualiall

ol Cilels Lo 358 [V (5 siuall 5 1] 5 sivall a8l sal IS ) calad gl 068 o S5 Y >
"N llall s Lelieaad e Al

DCC g5 ( alga Ao Jlia

DNoiIiescel gerrnaerator

=X —
COSTS KOs ssaeries

rmagins

2SO KW — S3BESS0O KWWY oSO H =

T e=atea Chermter Coeoeoarratimmoasacao o s

= I TNiesr 2 aearrmlissionrnri s recguulatedcd

O = = a= mrill il o mm

CZoarmarTairis FPowrear CGeareaar=aticoormm oo rmer e sl

CHRr- AT r Sais Saree Tualin: IimTeaag rESatesecdl oo e

P AT Sy ST r TS i Wil ey e i s
rForrraarmcee, relimkility =ared wersatility for D=t

e ter S liaceaticors.

F e tus e =

Eraoaftaa S ermtaer T oxrmtiirmmuesoanen=s (ECcsCsh — Ao palicc=alalae

T SLAEE> I irmcy oo er o itiri o sl oy s cooressTaEaret o
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cld=at=a cermiittear = Epelicaaticors o

LS g»tirrme o rmmplii=armmt - PMDMaeats thhe recgueirerrasrat «F

= Wi 111 sarscd N clEaataa Cambar =Site iy iy rataect T

g Faor aamilirmitecd FPaaoonr=s T Oofoeraticorm wwibaeaers laoanclie i

e "I e v eaEracd Fooa e erancgiree e e =baor sat
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Model:

Fregquency:
Fuel type:
kKW rating:

Model:
Freguency:
Fuel type:
KW rating:

C3500 D6e

60 Hz

Diesel

3500 standby
3000 prime

C3500 D6e
60 Hz
Diesel

3350 Data Center Continuous I

2750 continuous

(165)

Time

Generator Engine
Set Model Model ISO ESP ISO LTP ISO PRP ISO COP DCC
DQLE QSK78-G12 2500 2275 2275 2000 2275
DQLF QSK78-G12 2750 2500 2500 2100 2500
C3000D6e QSK95-G9 3000 2750 2750 2500 2750
C3500D6e QSK95-G9 3500 3000 3000 2750 3350
» Maximum Connected Load: 2500 kWe
» Typical Load: 1900 kWe
» Site Capacity: N+1 (2 paralleled generator sets)
» Generator Set Load: 950 kWe (greater than 35% engine load)
t [variable toads | 100%
: Emergency Prime Limited Continuous Data 70%
Ratin Standb Rated : Operatin Centre
9 F't:m\fe.-ry Power Time Prime FIg't:n'»\fe.-r g Power 3 Aversge
Variabl
PLrg?i‘I’e Variable Variable Constant Constant C:rr?ls??a:t
) ’ ) : ’ 100%
Max 3
Ag’;‘:f' 200 Unlimited 500 Unlimited | | Unlimited
Hours




il gall e pana Cinial Ao JUia

<l gshS 2750 ESP g4 (e Algal) Ciiiai -1
Ll 551 1925 1(%70) dels 24 A Jaal) Jass siad oYl 2all
Lnficle 200 >
Llg slS 2500 PRP £ (e dlgal) ciibal -2
Ll 551 1750 :(%70) el 24 DA Jaal) Jas giad i) aall 3
<l 9ol 2500 LTP £ 5 (w0 dlgall ciiiial -3
Ll 551 2500 :(%100) 4l 24 JUA Jasd) b sial (aadY) aal) 3
ode e dea g dficll 500 >
<l gshS 2100 COP £ (1 Al gall Civial -4
Ll 551S 2100 :(%7100) el 24 JYA Jasll Lo gial sl aal) >
Lly sS 2500 DCC § 5 (3 A gall sl -5
Ll 5 1S 2500 :(%100) dels 24 A Jaall Lo giall adY) aall 3
Gl S pe Gulad A339ma e Glel B

AU cilia) gall cown Al ga 23 g Jlia

60Hz Diesel Model: C3500 D6e

EEEEREEE N,

ki
e

‘.IIIIIIIIIIIIIII‘

..------------l-‘

e Standby: 3500 kWe
e Prime: 3000 kWe
e Continuous: 2750 kWe
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2y Lieel) Wgall 8548 Gl 3,1

- L’JWISJJESM.)&JMJJAS\SJQQM&

220.87 Exception NEC 2017 Measurementw&all 48 ) -1

Gl siee @l clamp-on Amp meter aladiul 5k e a5 Jadlh Al Slaall aadins
. el a2t il giie JOA (bl 24 a sliiall Jpen

240V 1@ Applications  ( L1+L2)120/1000
3@ Applications Peak Amps=(L1+L2+L3)/3
kW = [(Peak Amps x Volts) x 1.732]/ 1000
Jaall 5533 e 725 ) 20 dusiy S A all aaa

NEC2017-220.87  Billing History Method 4i& sall ) sill (pa Juaa¥) 4d j20 45, )k -2

Jmalls dailal) Sl Liagd PREGHE

Bl g 8 lla ST e ST 725 Alsall aas 0 5S0

LSM Jleal) arant 48,03

- A sall B 508 A8 jaal AN ) pladl) aadi

3y oL Leliin a8 giall( LSV Jaadl) eliinly ClS paall aead 5 jfiall Qo) Jlaad aend 3
35,3
030

85,Al 518 £ L) Lelinds o giall (S jaall 5e) 6 ,AY) Jleall paas gren
e SY Starting el Jaiill Jleal g 25060 5 3631 5 5ladll (e JleaY) maens
S Ll IS 51 0620 5 (s ket Blidl aadieg IS 51 0625 ddla) e o gall LA

Ju &l aall | RA 45 )lie JDA (e A saiall 3 gaall (pania ady agal) (alésis) o e ST
generator surge

UPS e 2 gall 38 53 (o S

YV V VYV V

Y
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Motor load running total (minus largest motor):

KWW

MNon-motor load total kKWW
Starting load from largest cycling kKWW
motor:

Total electrical loads: = KWW

Select generator: Commercial (add 20 to 25% to total kW)
Residential {add 10 to 20% to total kKWW)

1 a8, JYa

- AN JleaS Ao Al gall 5 08 lid) o glladl)

el Jnezal) fay xie 55080 Jalaa ge 792 Aty Jsioii 3:liS ¢ G e ¢ Jas 200 358 QS ae
0.91 Gssbon Ll Juaniill ol 3,38 Jalaa s 0.25 (s sbu

0.95 (5 sbusi 58l Jalaa g yual cul g8 )L 100 (Meals cin 18 5,1 Jlaady 3

Jad)

lS aal) clibea -1y gl
RKW = (200 hp x 0.746 kW/hp) / 0.92 = 162.2kW
RkVA =162.2kW /0.91 PF = 178.2kVA
SkVA =200 hp x 5.9 kVA/hp=1180kVA

SkW = 1180kVA x 0.25 PF = 295kW
BUY) il - Ll

RkW = 100kVA x 0.95 PF = 95kW
RkVA = 100kVA
SkVA = 100kVA
SkW = 100kVA x 0.95 PF = 95kW
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Load RKW RKVA SkW SKVA
200hp Motor 162.2 | 178.2 295 1180
200hp Motor 162.2 | 178.2 295 1180

Lighting 95 100 95 100

Total 419.4 | 456.4 685 2460

ol Cil g SIS 552=95+295+162.2= o sthaall ol gall 5 08
Jiiuall Juea¥ &l 5 LS 500= Al se liia) Juady!
Jradily J4l8 amy 5 SO 5w Al gall Derating Factor (gubad A gell HLad] J8 o3 -; sl

2 48, Jha

-1 ALY Jlaadl 2 B Al gl 5408 LA G gllaall

e Ol 5 40 53 rlaas IS paluas e sas g JS (5 sind i g 5l 5 L) sas 5 72 -1 J5Y) Jaall
Gl 8 220 3 Ao deady sl ag ) g 53l

el 20 CiRall iy il 8 220 ¢ e Lgie JS Jen a7 - A Jaald)
3 pilae Jaa gig danl g ddaal 8 laa Jaiig las 5 & jaall 5508 aa gl sl il jaa 4-7 G Jaad)
%80 Oyl ¢l 3508l Jalxa 5 9678 agie JSI 5Ll 5 il 48 220 3¢ 2ic Ladll e

el 19 Baa) 1) A58l L <l 8 220 g e Jasd 4a sl Apalad plal Sl 5 -: al ) Jaad)
Lagging %40 3,3l Jalaa g

3)35}0)1\.\44;&4)\313\&}&}3380J@A‘_AGM‘\A}&\:\:GM Q\SJMMM—L}AA&\M\

380 2425 %080 58 Jalra 313 Jsna fay (las 80 45538 aa ol N & jaa -1 (utbiad) Jaal)
<l b
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RETH

e sl Jolao Blo TS el O] o
S9lud Bl 8yadll ol JWbe 7.1
Ss5=3x7.1=21.3 KVA

s dbas d) 313 Jgma T 2yoxall O
%80 s
Ss6=4.544 PM
Ss6=4.544x80=363 KVA

Ol eld) Ws Hliw T.Ju.)_' 2yzall O G
Ss7=2.343 PM
S$s7=2.343x134=313.9 KVA

P1=88x24/1000=2.1 KW

$1=2.12/0.95=2.22 KVA

S2=P2=3x220x20/1000=13.2 KW d4>glJ (S guadll 8)ua]|

8yolal 30l Wby 7.1 cudl Jolas b
Solud
S$s3=7.1x5x2=71 KVA

$3=2x5x0.746/0.78=9.6 KW
$3=9.6/0.8=12 kVA

$4=2x220x19/1000=8.36 KVA
$4=8.36x0.4=3.6 KWdzsll (S gsaill 5)uall

P5=3x3x0.746/0.825=8.1 KW
$5=8.1/0.82=9.87 KVA

P6=80x0.746/0.905=65.9 KW
$6=65.9/0.91=72 KVA

P7=134x0.746/0.912=109.6 KW
$7=109.6/0.91=120.4 KVA
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Aladl) 58l cdlasa
P1-4=3X(2.112+13.2+9.6+3.6) =90 KW
S1-4=3x(2.22+13.2+12+8.3) =38 KVA

Starting Running
Jodl 08y
Ss (KVA) S(KVA) P (KW) PF
21.3 114 90 0.789 14
21.3 9.87 8.1 0.82 5
363.52 72.4 65.9 0.91 6
313.9 109.6 100 0.91 7
305.8 264 0.86 | S Joxdl

1t S (085 Y gal) 5 1)

Ss=114+9.87+363.52+109.6=596.99 KVA
625 KVA sall 5,8 ol jUias
Jaa@illy Qa8 axy 5 83 2 A sall Derating Factor (i A gall HLaa) J8 o4 -1 dasdla

(171)



- cNalaal) A8y kg

g iall Al gal) § 508 48 jral AU cialaal) aladiudy o i

1

) ) .
PG, = o (2 EE L REEERE Pay [KVA]
m, L B LIE n G
Where.
PG, : Generator capacity [KWVA]

PFe
P
n
a

PG

Where

PG-

> Wo
cosS oL
PFc

: Generator power-factor (standardized at 0.8)

: Output of load [KW]

: Efficiency of load (0.85)

: Coefficient considering load factor. demand factor. margin of capacity. etc
(Motor : 0.9, Non-motor : 1.0)

Z -‘.ﬁ,-? (4] —+ [Q Lanas
PF .

=< cos O o |

[V A

- =

: Generator capacity [KWVA]

: Summation of operating load [KW].

: Power factor during starting of the largest motor. 0.2
: Power-factor of diesel generator. 0.8

o kdiad) aaY 0N Jlaa¥) o3y A Algal) 508 Clua cigiha

SIG Essential Loads

. *Load Rated Input
No Load Description Eff.

Type kw kw

1 Lube oil pump #1 M 37 0.85 43.6

2 Lube oil pump #2 M 37 0.85 43.6

3 Jacking oil pump M 30 0.85 35.3

4 Ol tank vapor M 075 | 085| 089
extractor #1

5 Ol tank vapor M 075 | 085| 089
extractor #2

6 Turning gear motor 15 0.85 1.76

7 Motor operated valves N 3.0 1 3.0
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DC & UPS, B.O.P Essential Load

L *Load Rated Input
No Load Description Eff.

Type kw kw

DC & UPS System N 88 1 88

2 Boiler Lift N 30 0.85 35.3
3 Air Handling Unit M 30 0.85 353

Supply Fan (common)
4 Air Handling Unit M 1 0.85 13

Return Fan (common)
Pump #1 for Air Cooled
5 Condensing M 71.2 0.85 83.8

Unit (common)
Pump #2 for Air Cooled
6 Condensing M 71.2 0.85 83.8
Unit (common)
Pump #3 for Air
7 Cooled Condensing Unit M 71.2 0.85 83.8

(common)
Emergency Lightings
(common)

N 7.5 0.85 8.9

¢ 40Ul cylad) b kil AL EDG 8 a8 lual
STG Ui aliy) oL dand) 1 J4¥) Alad)
T:‘)..g)'.aj\ u“‘: ar il o Ll d)M ).\S\ Cardi cA,\GJ.c EJJEJ\ :2.,.\.1.&\ PAEN]

STG Essential Loads
. *Load Rated Input *Duty Actual
No Load Description Eff.
Type kw kw Factor Load (kW)
1 |Lube oil pump #1 M 37 0.85 43.6 1 43.6
2 |Lube oil pump #2 M 37 0.85 43.6 0 0
3 Wacking oil pump M 30 0.85 35.3 0.5 17.65
4 011 tank vapour M 075 | 085| 089 1 0.89
extractor #1
5 (01l tank vapour M 075 | 085| 089 0 0
extractor #2
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6 [Turning gear motor M 1.5 10.85 1.76 0.5 0.88
7 |Motor operated valves N 3.0 1 3.0 0.5 15
Total Load (1 unijMotor 62.94
Non-Motor 15
Total Load (3  |Motor 188.9
units) Non-Motor 4.5
DC & UPS, B.0.P Essential Load
. *Load Rated Input *Duty Actual
No Load Description Eff.
Type kW kW Factor Load (kW)
1 DC & UPS System N 88 1 88 1 88
2 Boiler Lift N 30 0.85 35.3 0.5 17.7
3 Alr Handling Unit M 30 085 | 353 1 353
Supply Fan (common)
4 Air Handling Unit M 1 0.85 13 1 13
Return Fan (common)
Pump #1 for Air Cooled
5 Condensing M 71.2 0.85 83.8 1 83.8
Unit (comman)
Pump #2 for Air Cooled
6 Condensing M 71.2 0.85 83.8 1 83.8
Unit (comman)
Pump #3 for Air
7 Cooled Condensing Unit M 71.2 0.85 83.8 1 83.8
(comman)
g |  Emergency Lightings N 75 | 085| 89 1 8.9
(common)
Total Load (1 un Motor 0
Non-Motor 105.7
Total Load Motor 299.7
(common) Non-Motor 8.9
Total Load (3 Motor 299.7
units) Non-Motor 326.0
Notes: 1. Load type: M (Motor load), N (Non-motor load)

2. Input Power = Rated kW / Efficiency
3. Actual Load = Input Power > Duty Factor

4. Duty factor: Continuous (1), Intermittent (0.5), Stand-by (0)
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- S Alalf g gh g v clbaal)

¢ 40l Drpall JUA e STG Jardi Caly) o1 painall Juroill 4 gllaall drall il a1y

1

PG, —a@r P2 Ps , ... + Pay [KVA]
T, M2 L E Ma PFr,
=J0.9=<(18B.9+299.7)+1=x(4.5+326.0)} = ﬁ

—962.8 [KVA]

- Al Aal) g gh g ais cililaeal)

71.2 ¢ AiSisan g ¢ o) sell 3y Admd) & jna ST daadi s e Wil 1208 EDG 05S o o
3 i (5583 dgiiall Jlaal) ) s (il 5 5L

> W, :Summation of operating load [kW]. 735.3 (188.9+4.5+299.7+326.0-83.8=735.3)

— Z .\R?C' + [Q Lmax > COS5 BQ]_, :|

PG . [kVA]
. PF
7353 + (83 .8x 7 x 0.2)
B 0.8
— 1065.8 [KkVA]
AU A gal) LR ¢ 6 ARl cliluall e ey
Description Calculated Capacity Largest Capacity

Emergency Diesel BB = WD (19N

- ‘ ‘ PG: : 1065.8 [KVA]
enerator PG, : 1065.8 [kVA]

Based on the calculated capacities and considering sufficient margin. the rated capacity of
EDG will be selected as 1250 [KVA] at 0.8 PF.
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_Xd'(1-4V)

PG AV

xPmxp xC (kva)

PGalsall 3,3 (kKVA)

Xd'0.30 -0.15 o Ladla (5 6<5 Al gall 5 julal) 2o lidl)

AV:0.30-0.25 o 0585 Wiy Jealill e 2ie  Jaalll agall palissl Jaxs

PM:(l5 ) o aall 2 A

B2 (9-6) s il (55 Sale g LS UK sual il b I oyl i
C:(0.67uh Jlin) (1- 3l ea) & jaall el 45y 5k (e ading Jalas

Hp x 0.746 = kW

The locked-rotor kva per hp to kva per kW = Locked-rotor kVA/0.746.

Juegs J8 3 Code G Ola> 100 dinw Hyona) L5uuall Wgall )u8 Ol @3 -1 Jlio
Sl

100 x 0.746 = 74.6kw, code G = 6.29 LR kVA per hp.
(6.29/0.746) = 8.43 kVA per motor kw
X'd=0.17pu, AV = 25%, B = 8.43, Pm = 74.6 kW

WGl = U sl 74.6kW X 8.438 X 1C
0.25AV ' i

= 320kVA

el g 98 320 Luyas 555 Wl 843 13
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Conservative Rules Of Thumb 4 k-5

-0 A gall 3 )08 A8 jaal A0l ) ghad) aladtiuly o 683
1.25 e (A L i o ilal) il Jleal asenty o g3 >
DSl Jsddl) Jli Jleal areny o585 3
A pall jusal il g8 LS Clony s 3>

Jle

Conservative Rules Of Thumb 48 )l aladiuly L

A JlaaY ) A3a sk 53 ) sall ol
Oba> 200 y=o »
¢ Oba> 100 Hy=e »
Oba> 60 HJy=o »
el 68 dads 8:Ls) >
el 95 ety de o Jloxl >
.0.77 s PF 5 cJg8 480 g0 pladl g »
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Solution:

Step#1: Calculate Running Amperes

Motor loads Load in KW (from rule##3 .

above) Running Amperes
200 hp motor 100 KW = (100x1000)/(1.732x480x0.77)= 156 A
100 hp motor 50 KW = (50x1000)/(1.732x480%0.77)= 78 A
60 hp motor 30 KW = (30x1000)/(1.732x480x0.77)= 48 A
Mormal Loads
Lighting load =63 A
Miscellaneous loads =895 A
Total Running Amperes =445 A

Step#2: Calculating Starting Amperes Using 1.25 Multiplier

Motor loads Running Amperes Starting Amperes
200 hp motor 156 A =156x1.25=155 A
100 hp motor T8 A =78x 1.25 =98 A
60 hp motor 43 A =48x1.25=60A
Mormal Loads

Lighting load =68 A
Miscellaneous loads =85 A

Total Starting Amperes =516 A

Step 3: Selecting kVA of Generator

Running kVA = (445 A x 480 V x 1.732)/1000 = 370 kVA
Starting kVa = (516 A x 480 V x 1.732)/1000 = 423 KVA

Generator must have a minimum starting capability of 428 kVA and minimum running
capahility of 370 kVA.
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-2 Al gall 5,08 48 paal ANl ol aladi) cang
KW Starting i)l dueiill Jleal ppaniy ais
Starting sl Jadill s aseady o 85 3
Running Jaiwell Juadill Lo apesty o 80 3
Al adll o felyy Al gall jlialy o iy >

dad) Jaadal) Jlaal Aty
abd 8 ol Al Jlaal o

Type of Load Equipment Starting Current
Linear Load General Equipment 100% of Full Load Current
Non-Linear Load PS5, Inverter, Computer Ballast 160% of Full Load Current

S jaal)l e
For HP < 7.5; starting kW = HP x 3

For HP > 7.5; starting kW = HP x 2

Kw= (Amps x V x 1.732 x PF) /1000 PF=0.95
Type of Starter Starting Current
DoL 6 ¥ Full Load Current
Star-Delta 4 X Full Load Current
Auto Transformer 3 X Full Load Current
Soft Starter 2 X Full Load Current
VFD 1.5 X Full Load Current
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. ) Pl inimum Senerator Req' d
Electric Motor Size [KWA} by Starting Run Fower
. —-r OO Lt KRS 5. D to KW A WA Used wihen Runming
Size [Mote 1} Sire [Mote 2} [rote 3]
4 0.7 25 = i
-5 1.1 275 = 15
Z 15 5 4 Z
= 2.2 5 & 3
4 = 10 23 4
5 v ST 125 T 5
L= g4 5 15 12 &
e 5.5 1875 15 7.5
10 T Z5 k] i
125 a3 3§ 35 25 125
15 i1 375 20 15
2 5 ] 40 2
=5 9.6 &5 fr] Z25
] ZZ 75 Leok] ]
30 o] 1D 0 40
] 37 125 100 it ]
L] 45 150 120 &0
TH 55 187T. 5 150 s
Lo 1) T Pt ] 20 L]
125 S0 325 250 125
150 10 2Th 0 i5D
175 130 437 .5 350 178
20 150 B0 400 Fal ]
250 185 G255 B0 250
pe ] =225 TED &30 D
a6 gk ] L] B0 ]
~ 8000 //
Z 7000 || Direct Online //
- Starting /
S 6000 {PL

oo P Ao
P L

/

]
gznuo_ —
5 1000 4__.-——-"
8 J==T L
0 100 200 300 400 500 600 700 800 900 1000

Motor Output Power (KW)
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Starting
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P 5,00
a0 30 25 20 15 10 15 5 3 2 (HP)

019 | 042] 044 | 046 | 049 053 | 056 061] 066 | 0.07 COSés

oxso | 0884] o8% | 0.87 | 086 | 085 | 085 083 | 0825 | 0.79 n

poo | 089 | 089 | 089 | 08 087 | 087 08s| 082 | 0.9 COS¢

Pm 3 ,aal
1540 300 250 200 I S0 125 | 100 75 60 50
19| 022 024 | 025 | 038 029 | 0.3 03] 036 | 036 COSés
nesy | 0923 092 09171 09l 0.9090 | 0,905 0.90 | 0.8% | 0.896 n

092 | 092 091 | 091 | 091 091 | 09 09| v | 09 COS¢

Gliizag UPS Baag o L) (g ging M ga A luald JLARY A (e

> Diesel generating

» G Set Phase-Phase Voltage=415V, Phase-Neutral Voltage=230V
>  Future Load expansion=10%

> D.G overload capacity =130%.
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| algall o Alaial) Al gl Jual) \

€555 Soft Starter Jadill 43k 0.8 Jadal sUly 0.7 Sl |y vie 5,08 Jaleay 415 58 3 3429 @iy 5LS 90) Aoy
(Continuous alaaiuy)

(Intermediate a3yl £ 555 0.8 Jiddll sl g 0.7 Jabdill fay xie 38 Jalaag -415 b 3 32 — @iy LS 20) Jasy

(Continuous aliiuy) £ 5is 0.8 Jadill sUils 0.7 Jaudil) iy xie 3,08 Jalaay -415 & 3 ga- cily sbS 7(UPS) dauy

pladiuY) £ 935 0.8 Jaddll gl 5 0.7 Jaandall 1y die 3080 Jaleag -230 Wl 33la) Bas g JSt @il g 400- 34) <las g 10) 28y
(Continuous

Ay pous Laglaa

(conslit e g i) ) gall-c gaall )— Jia Audail] Jlaall

(Ballast, Drives- Inverter- 4akiia jal) 48Ual) cilaa g)— Jia 4dad ) Jlaa)

- AL Ja)

il gall Jlaad - Yl

) Jlaal x cilimal) a3e = (2l golis) Jaall Mad) o

g sLS 90 = (@Al dddaal Jaal) Jaa) e

Diversify Load (KW)=Total Load X Duty factor

(0=Standby Load,1=continuous Load, 0 to 1 =Intermediate Load)

1) @l b8 90 =1x90 = (<ly s4S) Diversify Loadsl Jaall a5

Sl oL 5 0l Jales / (5 sS) ol a5 = Liis el il 8 1<
0.8 /90 = iyl cilé 1<

) el Clgh LS 113 = Running KVALAG sl g sl |

(M; il aie BJAEH Jalae x d)& x 1.732/ (k;l‘j }S:\S) Saall @)ﬁ = (A) RunningAmp ¢ Lu.‘.ul,’ ) e\ ‘)\:\ﬂ\ I IEN
0.8 X 415 x 1,732/ 1000x90 = (A) Jsrill Ll jlall Clua
el 156.7 = (A) Running Amp daaiill ol L) s

Multiplying delze x Juiil) ol lall = Jusedil) oy vie ) olas
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Starter Starting current
Method Starting current
Direct-on-Line (DOL) 5 to 10 times the full load current
Star-Delta Starter 3 to 4 times the full load current
Auto-transformer 2 to 3 times the full load current
Soft starter 1.1 to 2 times full load current
Variable Speed drive 1.1 to 1.5 times full load current

2 bt Joaad) (e Soft Starter Jiadill 44 jla Jalae JLid) (S @
el 313= 2x156.7 = Jaiidl) oy xie Hlall s o

fad) Jalae xSl 1830 5 08 Jalaa / (25 54S) Jaadl a5 = Joanill Ty ol el il g LW Joadl i @

(3) ol il gh 5L 257=2 x 0.7 /90 = Jadill Iy sl el b gLl Jaal) Gileas

Gl Jlaal x cilamal) a3e = (& g 5lS) Jaadl Alaa)

<y slS 20 =20 x1=(wly shS)eiusill Jaa laa)

Diversify Load (KW)= Total Load X Duty factor

(0=Standby Load,1=continuous Load, 0 to 1 =Intermediate Load)

(4) @iy LS 16 =0.8%20 = (s siS) Diversify Load.sl Jeadl g s

ol oL 5,080 Jalaa / ()5 51S) Jandl ay st = i el Cil 8 5L
el il €20 = 0.8/ 16 = (lii el il IS

(5) sl Sl JS 20 = Running KVAGLAS sl clgh ol |

Juadall aie 3 a8l Jalaa x il X 1,732/ (s }QS) Jaall &s5 = (A) Running Amp Sl o\ ol Gl
0.8 x 415 x 1.732/ 1000%x16 = (A) Jsiall Sl Gl
el 28 = (A) Running Amp daciall ¢l lall s

il Jlea S Multiplying Jalze x Juiill ol lall = Jedal) Ty ie Ll Ciles
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Starting current

Type of Load Starting current for Load
Linear 1 time the full load current

Non-Linear 1.2 to 1.6 times the full load current
HwvAaC 1.2 to 1.5 times the full load current

1.3 bt Joaad) o ligall Jadill 4 yh Jalaa JLid) (Sae
el 36= 1.3x128 = Jusnll fy vie jldll Clua o

fal Jalae x - Jaail) o1 5 08l Jalas / (<l 5 50S) Jaall g = Gl Ty ol el il b LML Jaall Clin @

(6) sasal cilgh 9L 30=1.3 X 0.7 /16 = Jadd iy sl paal il b sLSIl Jaal) Glass

UPS dakiia al) 48Ual) Jlaa - GG

Gl Jlaal x cilimal) 330 = (& g lS) Jaall Maa)

<y hS 7 =7 x1=(y shS)ednsil) Jan  Jlaa)

Diversify Load (KW)=Total Load X Duty factor

(0=Standby Load,1=continuous Load, 0 to 1 =Intermediate Load)

(7) <y sbS 7 =1x7 = (<l sLS) Diversify Loadsl Jaad) a s
ol oL 5,08 Jalaa / ()5 51S) Jandl ay st = Ll el cid 8 51

el g €9 =0.8/7 = i el il IS

(8) ) Clgd BlS 9 = Running KVA L& el cilgd gls

Jaadall aie 3 a8l Jalaa x il d X 1,732/ (c_n} }QS) Jaall st = (A) Running Amp Jaril) & L ol Gl

0.8 x 415 x 1.732/ 1000x7 = (A) Jsuiill el el s

el 12 = (A) Running Amp sl Uil Ll il

Al il JlaU Multiplying Jelze x duiil) ol lall = Jaedal) Ty ie i) Cles
omel 19= 1.6x12 = sl oy wie il Gl

ol Jalae x - i) oL 3 508 Jalaa / (@l 5LS) Jandl s = Joneil Ty ol el il g8 LSIL Jaa) il

(9) el il gh L€ 16=1.6 x 0.7 /7 = Jhdl) I ol el il g oL Jaal) il
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I N

Gl Jlaal x cilanal) a3e = (& g 5l) Jaall Alaa)

iy sbS 4 =0.4 x10=(<y shS)cdnsil) Jaa Maa)

| Diversify Load (KW)= Total Load X Duty factor |

(0=Standby Load,1=continuous Load, 0 to 1 =Intermediate Load)

‘ (10) <y sbS 4 =1x4 = (<l sLS) Diversify Loadsl dasd) g s
Jarcill oL 5,080 Jalaa / (@l s 5LS) daal) a5 = Liands el il b Sl
nal il 1S5 =0.8/4 = i sl g SIS

(11) esal clgh LS 5 = Running KVALES sl g sl ‘

ol die 3,08 Jalae x g /(@5 5LS) Jasdl w535 = (A) Running Amp Juseiill o lall Clua
0.8 x230 / 1000x4 = (A) Jeriall oLl jlall s

xal 22 = (A) Running Amp ol oL L) (e

daladl) JeaSu Multiplying Jalaa x Jaaditl) ki Dbl = Jaeall TA,\ 2ie bl Glas

xal 20= 1%22 = donill Ty 2ie L) s

o) Jalra x - Jil) L 5 5080 Jalas / (@l 5 5LS) Jaall a5 = Jnoil Ty ol el il g8 LML Jaa) il

(12) ol clgd LS 6=1 x 0.7 /40 = S s U jpaal g sLSIl Jaal) s

) Jaall Gl

(4 Jas + 3 Jaall +2 Jaall +1 Jaall) = Starting KVA Ja&ill i xie KVA )

6+16+30+257 = Starting KVA Jaddll |3 3ic KVA (e

(A) ol il gh GLS 309 = Jadil) vie KVA Al

(4 Jaal) + 3 Jasll +2 Jaall +1 Jaall) = Total Running KVA Ja&il) s U KVA Al

5+9+20+113 = Jaddl) xie KVA (Alea)

(B) el il gh 5L 146 = Jaddl) sis KVA e
ohiieal) Jaal) pugi X g AV Jlaal) + Jaa SY Jaddl) iy die KVA (Alea) = (Lal b 5lS) D.G el da
(C) Jesal b gLS 320=1.1 x( 5+9+20+257 )= (sl il gd 51<) D.G Al gall das
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sl gall JLEA) 4l g daa) ya

Agal) Ao 30 %630 (4 B Al ld Al Jeadl £ gane
0.3 x (C)ad dasill (1o JBi (9) ad, dasil) Ui

el g LS 96 (o Bl el il b 5LS 16

Sl pad 4y gllaal) Jlaa¥) Jlan) (e Si A gall 331 30 Jlaa¥) Jaal 5 a8
A gall 3030 31 Jlaa¥) Jand daw
Overloads withstand capacity of D. G= D.G size X D.G overload Capacity
il cilgd 4l 416 =96130 x 320 = Al gald 5ail 31 Jlaa¥l) Jand daw

(D) Jaal il gd gL€ 416=al gald Bail 31 Jlaal) Jaad dau

Total Required starting KVA = Total Load (KVA) -Largest Motor rating (KVA)+ Largest Motor starting
(KVA)

=257+113-146= Jsdll ¢ad 4 slhall KVA Jlaa)
(E) el il b gl 290= Jadidll g2l 4 sllaall KVA (A

E ) 4aidl) (n pSi D pd) daddll Uin

e 2 ab ) bl

fnea A pall i) il
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Agall clibun o i 3 Jal gl

die Glawall 8 W3R Gy (AU Jalsall Gany 25 53 AL Gkl (e 4 6¥) Clbuall (e sleiil) aay
- SIS a s alsall A LAY

KW G-adjusted = KW G-accepted x K site conditions x K fuel type x
K future needs x K pf

Voltage Dipstall agad) (aliasy B8 g ol gal) jLad) Jasda-:Y gf

& sl cang Gl agal) (alaany ddbise il ol Led Al 5eS Culamall (e Adlisall adadll - agall [aliss)
LIl Jas (558 o Sar) J3all dga A 4 2 sansall (Rl 46 el daiiadl) 4S50l Clial e ()
Gaob e Asall B AVR (e sl Juaal i ol oS (Sl daand < e o 450 1Sl S jaall
a8y aall §lad axe Glacal S Lay aaal) 3 S clal gall 0 65 () ang, A daliall agal) s
JPARENA | JKVEN L EN R g OWON

+ NEMA MG1 32.18.5.3 Motor starting equation
%Dip=100* _ Xd

Where X'd is In per
Base kVA .
XDt ———
3 rtlng VA unit of the KVA base

Generator Size vs. Required V Dip (%)

50026

Note:

Better results can be obtained if the
400% |- generator is specifically designed for low
voltage transient. This is for illustrative
purposes only.

3002 |

200%6

\

100% I ———

0%

0% 5% 10%% 1526 20% 25%
WVoltage Dip (%)
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Genset capacity required in kW 380
Capacity in kVA 475
Diversity factor 0.75
Hence running load in kVA 356.25
Loading factor for DG prime rating 0.75
Required capacity of DG in kVA 475
Recommended DG »500kVA

gall g lal ladg Al gal) LA Japia-D

O aie 48 ey el iy
¢ a2d 1000 e B o) gL Y O & janal) 308 il (i i) dasaall ) jad) da o -1
(775 ¢ GBI &gsha g ¢ il b A )2 104 (e S8 Adasaal) 3 ) al) A g

60 55 S0 45 40 C O et e 13

0.88 0.9} 0.94 0.97 Fil bl Ll

60 55 50 45 40 Jsoll g
0.88 0.91 0.94 0.97 1 Class H
0.86 0.90 0.93 0.97 1 Class F
0.82 0.87 0.81 0.96 1 Class B
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30 da 0
sl e 2 SN 25°C 40°C 45°C | 50°C | 85°C 60°C (%)
0t01000m 1.045 1 |09 | ou 091 088
1001 to 1500 m 1.01 097 094 091 0.88 085
1501 to 2000 m 098 084 | oot | o8 | oss 083
2001 to 2500 m 0.95 0.91 0.88 0.86 083 08
2501 t0 3000 m 09130 | 087 | o084 | o082 | o7 077
Lagging Power Factor i —i_ | 09 | 08 07 06
Factor 1 1 | 1 092 0.85

1 sl £ il g Algal) LA a3

ookl Leatls (e 7.3-2 Ay sale Gadds o cang 5l i o 3l il e

il el e 75 () ol Capaill aid dale (5585 Ladale ¢ ahall Sl cilal e
AalEioall claliadl (g Al gall JLid) bauia-4

710 Ce Gk 5Y gdsiall Jeall i Jiy W1 gy

Typical Load Growth Factor

Application (Ko
Bank 30-50%
Medical Center 30-40%
Church 10-30%
School 50 -80%
Hospital 40 - 80%
Warehouse 10-30%
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0.4 0.87

0.0 0.84

Sl G 380 ja aa) A A gall Derating s Ao JUa

Here are the power ratings for 1600REOZM-E2 Genset @ 46°C, 800 MASL:
Gross Engine Mechnical Power = 1750 kW,
De-ration of Kohler engine S16R-Y2PTAW-1is 3 %
Corrected Gross Engine Mechnical Power = 1697.5 kW,
7M4054 Alternator Ef ficeincy = 96.3 %

Gross Electrical Engine Power = Mecahnical Power X Alternator Ef ficeincy
=1697.5 kW,,X 0.963 = 1634.7 kW,

7M4054 Alternator Prime Power @ 46°(C,800 MASL = 1661.6 kW,

Net Genset power is the least of engine and alternator power = 1634.7kW,
Auxiliary approximate power needed for remote radiator and ventilation fans = 50 kW,
Net Genset Power = 1634.7 — 50 kW, = 1584.7kW,

Therfore Confirmed Net Genset Power = 1500 kW,

|[xos3vie | | 60Hz FO / EO |

Altitude [m]

B0Mz Engine g
Derating {on Max

KDE3V16

B (2

60Hz Engine
available Gross

i
e
b s

2895 | 2735 | 2626 | 2407 | 2287
2626 | 2516 | 2407

[koEsvis

B0tz Engine
available Gross

[roszvie

60Hz Engine
available Gross

Ambient (ROA20°C) f
0
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Subject: Base Tank Capacity for KD2800-UE

To Whom It May Concern

We hereby confirm that the 9000 liters base fuel tank is suitable for 12 hours operation at
2850 kWe. The 9000 liters capacity is net and considers freeboard as well as discharge pipeline
height.

Genset Net Power = 2850 kW,
Auxiliary Power = 60 kW,
Genset Gross Power = 2850 + 60 = 2910 kW,

Alternator Ef ficiency = 96.97 %

Genset Gross Power 2910
Alternator Ef ficiency =~ 0.9697

Engine Mechanical Gross Power = = 3001 kW,

Specific consumption (g/kW.h)= 199
Diesel Density=850 g/litres

Specific Consumption x Engine Mechnical Gross Power

Fuel C tion =
uet Lonsumption Diesel Density

199 x 3001

Fuel Consumption = 350

= 702.6 L/hr

Base Tank Capacity=9000 L

Base Tank Capacity ~ 9000

= =128H
Fuel Consumption 702.6 ours

Operating Hours =

(194)




S Gl 38y aa) 8 2l gall Jaddl) Gady AN ana il o AT JUie

Subject: Base Tank Capacity for KD2800-UE

To Whom It May Concern
We hereby confirm that the 36000 liters base fuel tank is suitable for 51.2 hours

operation at 2850 kWe. The 36000 liters capacity is net and considers freeboard as well as

discharge pipeline height.
Genset Net Power = 2850 kW,
Auxiliary Power = 60 kW,
Genset Gross Power = 2850 + 60 = 2910 kW,

Alternator Ef ficiency = 96.97 %

Genset Gross Power _ 2910
Alternator Ef ficiency  0.9697

Engine Mechanical Gross Power = = 3001 kW,,

Specific consumption (g/kW.h)= 199
Diesel Density=850 g/litres

Specific Consumption x Engine Mechnical Gross Power

Fuel Consumption =

Diesel Density
. 199 x 3001
Fuel Consumption = —=0 - 702.6 L/hr

Base Tank Capacity=36000 L

Base Tank Capacity 36000
= =51.2 Hours

0 ting H = -
perating Hours Fuel Consumption 702.6
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I. Generator KD2800-UE

1. GEMERAL DATA

14 x generating set{s) KD2200-UE

Engine KOHLER : KDBIV1B-6AES

Alternator LEROY SOMER : L5A53.2 M12

Site climatic conditions:

Outside minimum temperature: o=C
outside magimum temperature: 468C
Altitude: <EO0 m

* [DiCP) = Dato centra mission Critios

Dato centre powaer i dafined os being the mavimum power which o genercting set & copobie of celvering whilk suppiying o voriobke or
continuous @ectiical icod and during unkmited run kours. Dapamding on the sites to supply and the owoilability of reiobie utilty, the
genaroting set moryfactvner is responsibie to deffre whot power ievel i@ 15 abie te supply fo fulfil thot requirement inciuding hardware ar
saftwame ar meintenomoe picn adapiotion.

Net apparent power on site conditions: 2750 kwe
Semvice DUTY according 150 B528-1: DCP

Rated power factor: 0.8 Lag

Rated frequency: &0 Hz

Rated voltage: 400V

Cooling systam: Remaote Radiator
Belly tank: o, 000 Liters

The technical description below is defined for one generating set.
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2. ENGINE

Specifications as per NF ISO 3046-1 standard

General data

Lubrication system

Brand KOHLER
Model KD83Vie-
BAES
Number of cylinders 16
Cylinder arrangement \Y
Cylinder capacity 82.74 L
Stroke 215 mm
Bore 175 mm
Rated RPM 1800 tr/min
Piston speed 12.9m/s
BMEP 22.0 bar
Compression ratio 16;1
Engine mechanical power 3010 kWm
Charge Air coolant AIR/WATER
Engine regulator ELEC
Regulation +/-0.25%
Injection Type DI
ECU type KODEC
Fuel system
Max. restriction at fuel pump 35m
Max head on fuel return line 3.5m
Maximum allowed inlet fuel 70°C
temperature
Consumption with cooling system
Consumption 100% DCP 199 g/kWh
686 L/h

Oil capacity 560 L
Qil sump capacity 460 L
Oil capacity between dipstick 83L
marks Max-Min

Oil cooler EXPLAQ
Air intake system

Max. intake restriction 510 mm H20
Intake air flow 3785.75L/s
Exhaust System

Heat rejection to exhaust 2190 kW
Exhaust gas temperature 480°C
(DCP)

Exhaust gas flow (DCP) 10039L/s
Max. exhaust back pressure 867 mm H20
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3. ALTERNATOR

Specifications as per |EC 60034 standard

General data

Brand LEROY SOMER
rodel LSAS3. 2M112
Prime rated power & 46°C, B0 MASL 3600 kva
mMumber of phases 3
Efficiency 0.8 & 4/4 load rating BE5.97%
Efficiency 0.8 @ 3/4 load rating O65.E6 %
Reference altitude O0-800 m
Humber of poles 4
Excitation type AREP
Insulation class H
Temperature class H
voltage regulator D550
Indication of protection P23
Application data

overspeed 2160 RPM
Power Factor (cos Phi) 0.E
Woltage regulation at established rating [+/- %) s
Wave form: NEMA = TIF <50
Wawe form: CEl = FHT <2
Total Harmonic Distortion in no-load DHT “3.5%
Total Harmonic Distortion, on linear load DHT <3.5%
Reactances

Diirect axis transient reactance saturated (X'd) 24.4%
Diirect axis subtransient reactance saturated (X"d) 13.7 %

additional accessories:
pre-heating resistor installed inside the alternator to prevent condensation.

PTL100 on stator windings and bearings

(198)



4. STARTING UP

- Motor coupling bell housing with 2 cavities for the 2 starters
- 24 volt Electric starter

- battery charging alternator

- 24 wolt emergency Electric starter

- 24 wvolt lead starter batteries

- 2™ 24 volt lead starter batterie

- battery isolator switch for battery circuit 1
- battery isolator switch for battery circuit 2

5. INCLUDED ADDITIONAL ENGINE OPTIONS

- Primary fuel filter installed upstream of the standard filtration for the separation of water in the
engine fual supply

- Fuel retum cooler equipped with a fan driven by an electric motor. The fuel return cooler is installed
and connected between the engine fuel systemn outlet and the daily service tank via diesel return
pipes. This systemn cools the fuel if necessary.

- Electrical pre-lubrification pump

- automatic oil filling systemn used for adding oil during operation. This system includes a clean oil
reservair, an ail level regulator and a set of hoses and valhes mounted to the genset frame.

- Manual pump mounted on the engine allowing for easy drainage of the oil sump

- Electronic engine speed regulator.

-  Emergency engine oil tamperature sensor for the transmission of temperature information to the
control unit for immediate stop

6. NUETRAL GROUMD RESISTOR NGR:

230VL-N, 4004, 1 Second
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7. LV SWITCHGEAR DUAL CIRCUIT BREAKER

Equipmeant’s mesats the requirements of the following standards:

= |EC61435-1
= JEC 61438-Z
= IEC 50529

Low-voltage switchgear and controlgear assemblies
Lowi-voltage switchgear and controlgear assemblies < 1000V AC et 1500V DC
Dpegrees of protection provided by enclosures (IP Code

EDZEDD LV Switchboard DUAL CB

Climate conditions

Indcor air temperature max 46°C

IP [door closed) 31

1K 10
Altitude = 2000
Electrical characteristics

Earthing armangement [scheme) 4P + PEN

TT monitoring relay

Protection relay RH99 or eguivalent

Circuit breakers & busbar curment rating

Principal 5 000 A
Load bank 5 00 &

Cincuit breakers

Principal MTZ3, 4P, motorized, withdrawable
Load bank MTZ3, 4P, motorized, withdrawable

lows

65 i

Surge arrestor

¥es, 1w incuded., Type I, IPREDGS 3P or
equivalent

Bunilimry circuit

VWisual control indicators

3 u fronmt facia woltage presence indicator tri-
LED.

Circuit breaker monitoring

For ezch circuit breaker :
2 n position oontacts: open J Chose

1 ® contact : circuit breaker fault warning

Voltage detection relay

Yes, in voltage detection relay

Mechanical characteristics

Dimension [Height x Length o Depth) mm

2050 » 2440 x 1030

Form

48

Boress T omnection:s

Front

Imecoarmiimgs

Power - top

Dutoomings

Power - top
Load bank : botbom on the rear

Wiring charscteristics

Identification § Type ¢ Section f Yolmage Eohler Standard
Colors

Paint color

Enclosures Ral : 7035

Roof znd bottom wiring Ral : 7024
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Hllustration in POW ERSAFE

Comparison table:
MARECHAL ELECTRIC C5 POVYERSAFE
C5-1000 sockeats
A008 5004
13x per phase 11x per phase

Total = 1334 + 1 PEN

Total = 11x4+ 1 PEN
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IT. CONTROL PANEL

1. DESCRIPTION OF THE APMS02

The APMEOZ enables user-friendly, ergonomic and autonomous
operation of generating sets and power plants.
- 12-inch color touch screen
- Mavigation system
- 100% usable without the need for an external computer
- Languages: French, English, Spanish, Portuguese, German,
Dutch, Russian
- The APMB02 manages:
= Control of the genset and/or the power plant in both
manual and automatic mode, as well as tests off load
or on load
=  Mechanical and electrical measurement displays
=  Status and time-stamped event displays (up to 1000
events)
= Adjustment of parameters accessible to the customer

(timers, atc ) Embecidad cabingt AFMENZ on gansat.
- The APMB02Z comes with built-in:

= Software, accessible from an external computer, a tablet or smartphone, used for modifying some
parameters and displaying the APMEDZ data
=  Configuration of site specific functions
- The APMB02 is designed for operation under the following conditions:
=  Operating temperature - 20°C to + 60°C
=  Humidity: 93% at 40°C
- The APMB02Z is protected:
=  Protection index on front: IPGS
= Electronics protected against dust and humidity with tropicalized varnish

1.1. Ergonomics, user-friendliness and convenience of the
APMED2

owverview display Detailed display History/Trends
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PROFILE USER OPERATOR* SPECIALIST*

Trained i lant ti
et s W Bl Trained by KOHLER-SDMO and
End customer or maintenance

approved partner
Sys.terrj company A 5
monitoring

ACCESS

Start-up, assistance,

Maintenance of wearing parts .
programming

*Profiles can be accessed using a password

1.1.2. Mobile supervision (Please refer to optional communication)

Remote access is easy in terms of the display and getting started with the installation (service, user).

1.2. Operating the APM802

Representation area Whatever the HMI configuration, the "operation” screen is always divided into 5 very
distinct parts.
The example below shows a "single generating set with grid" configuration.

1.3. Operating the APM802

Representation area Whatever the HMI configuration, the "operation” screen is always divided into 5 very
distinct parts.
The example below shows a "single generating set with grid" configuration.
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= »» & Generating set

* or power plant area

> Enproduction

T

& Fawor H] |

(LB A R B R R EEREEERENEEERNERENERENN]

» - o - v . _-"
Gridarea 3eee® Circuit breakers geeees Control S eees
2 panel % panel *

GENERATING SET POWER PLANT

Example in A635 or A636 standard configuration

-

o

B2 Mmains detection relay
Cincuit breaker control
— Medsurements and controls

WITHOUT Without Automatic Transfer Switch management Paralleling of generating sets with power
" lleli or with self-regulating Automatic Transfer Switch management by digital bus A633
mains paralleling | =

Live bus paralleling at LV,
short or long time AB35
Dead bus paralleling at MV,

shart or long time AB36

WITH
mains paralleling

With Automatic Transfer Switch management
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FLEXIBLE HOSE

FLAME ARRESTER

LEVEL GAUGE

LEVEL SWITCH

LEAK DETECTION SENSOR

LEVEL TRANSMITTER

FOOT VALVE

CAMLOCK

OVER FILL
PREVENTION VALVE

BALL VALVE

NON RETURN VALVE

TANK FILL ALARM

CONTENT GAUGE

MOTORIZED VALVE

FUSIBLE LINK

DRIP TRAY




NOZZLE SCHEDULE

NOZZ. NO. DESCRIPTION SIZE
i FUEL INLET TO ENGINE. DN 32

N2 FUEL RETURN TO BASE TANK ( After fuel cocler ) DN 25

NS INNER TANK VENT WITH FLAME ARRESTER. DN 50

N4 SPARE DN 25

TIE IN POINTS. NS SPARE DN 20
PIPING INTERFACES N6 LEVEL GAUGE. o

N7 LEVEL TRANSMITTER. DN 40

NOZZ. NO. DESIGNATION SIZE |TYPE MATERIAL | LEAK sEsoR onas
TP1 m&&;gizﬂb?'m OVERFILL DN 50 | CAMLOCK COUPLING MS o FUEL POLISHING UNIT INLET. e

TP2 | OUTER TANK VENT DN50 | ANSI FLANGE ( RF ) #150 CLASS | MS n1o | FUEL POLISHING UNIT OUTLET. DN 25

TP3 | FUEL TANK OVER FLOW DN B0 | ANSI FLANGE (RF ) #150 CLASS | M.S N1 | PROVISION FOR EMERGENGY VENT DN 50

TPs | INNER TANK DRAIN DN 40 | ANSI FLANGE (RF ) #150 CLASS | M.S N12 | FLOATLEVEL SWITCH (LL, L & H) DN 25

TP7 | OUTER TANK DRAIN DN 25 | NPT COUPLING WITH PLUG MS N13 | HIGH LEVEL ALARM FLOAT SWITCH DN 20

TPE | PUMP FUEL FILL CONNECTION DN50 | NPT COUPLING WITH PLUG M N14 | FUEL FILL WITH OVERFILL PREVENTION VALVE DN SO

L

B

*is
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Attribute

Panelboard
distribution

Field-wired
PDU

Factory-
configured PDU

Busway
modular

Floor-mount
modular

Capital
Cost

Lowest cost approach
at $0.15 — $0.30/ watt”

System is typically
installed up front for
maximum expected
capacity, resulting in
increased first cost;
Installation labor is
nearly half of total cost,
which results in greater
variation in total cost.

distribution

Low cost approach at
$0.20 — $0.40 / watt”

System is scalable at
pod level; Installation
labor is greater percent
of total cost, which
results in greater
variation in total first
cost.

distribution

Low cost at $0.30 -
$0.50 / watt”

System is highly
scalable so costs can
be deferred until
capacity need exists;
Installation labor is
approximately 20% of
total cost.

distribution
$0.40 - $0.60 / watt*

Busway is generally
installed up front for
maximum expected
capacity, resulting in
increased first cost;
Installation labor is
approximately 20% of
total cost.

distribution
$0.40 - $0.70 / watt*
System is highly
scalable so costs can
be deferred until
capacity need exists;
Installation labor is
approximately 20% of
total cost.

Operating
Cost

Underfloor cabling
causes interference
with underfloor airflow
that reduces coocling
efficiency and capacity;
changes involve more
costly field-work.

Underfloor cabling
causes interference
with under-floor airflow
that reduces cocling
efficiency and capacity;
changes involve more
costly field-work.

Cabling is generally
overhead so no
interference with airflow
and no leakage from
wire openings in floor;
changes to breakers /
cables involve more
costly field-work than
modular distribution.

Busway, when run
overhead, results in no
interference with airflow
and no leakage from
wire openings in floor;
changes to breakers /
cables involve less
field-work.

Cabling is generally
overhead so no
interference with airflow
and no leakage from
wire openings in floor;
changes to breakers /
cables involve less
field-work.
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Typical rack-mount power 1

Monitor

Keyboard

(1- a, Jsd)

(223)




Typical centralized power 2
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Single-corded load
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Configuration Availability  Number of “9"s

Single-corded load 99.985 %

Single-corded load with STS (single transformer) 99.98596 %

Single-corded load with STS (redundant transformers) 99.99715%

Single-corded load with rack ATS 99.999931%

Dual-cordedload 99.9999977 %
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Metered PDUs
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Switched PDUs
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Intelligent PDUs
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(NEMA) s (ICE) & <l 381 5e (& e s¥) 5 Guiall dput ) ciliial

Available power/

Location Rated voltage Rated current (A) Derated current (A) branch circuit (kW)
North America 120V 20 16 19
208V 33
208V 39 6.7
International 230V 16 16 37
400V 30 11.0
North America 120V 30 24 29
208V 5.0
208V 3¢ 8.6
International 230V 32 32 74
400V 3@ 22.1
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Receptacle Plug Rating Receptacle Plug Rating

15A 250V 2.5A250V
UL/CSA & UL/CSA
10A 250V 2.5A250V
IEC 60320, C-13  IEC 60320, C-14 \nternational IEC 60320, C.5 IEC 60320, C.6 | nternational
20A 250V 2.5A250V
UL/CSA % UL/CSA
16 A250V - 25A250V
international s
IEC 60320, C-19  TEC 60320, C-20 o anond IEC 60320, C-7 IEC 60320, c.g 'nternational
I5A250V 15A 250V
UL/CSA 0 UL/CSA
10A 250 V 0-10 I 0 0Aa250v
IEC 60320, C-15  IEC 60320, C-14 International IEC 60320, C-13 IEC 60320, C.] \nternational
il Lo (o
IEC 60320,C-15  1EC 60320, C-16 [EC 60320, C-17 IEC 60320, C-1
Receptacle Plug Rating Receptacle Plug Rating
20A 125V 30A 125V
UL/CSA UL/CSA
IEC 60309, 1EC 60309, [EC 60309, IEC 60309,
4HR 4H-P 4H-R 4H-P
20A 250V 30A 250V
ULJ/CSA UL/CSA
16 A 230V 32A230V
European “CE” mark European “CE” mark,
IEC 60309, IEC 60309, VDE IEC 60309, IEC 60309, YDE
6H-R 6H-P 6H-R 6H-P

IEC plugs and receptacles. Courtesy of Raritan, Inc.
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Receptacle Plug Rating Receptacle Plug Rating

ISA125V I5A250V
U.S. and Canada U.S. and Canada
receptable and plug locking receptable and plug
Polarized Polarized
(UL 498) (UL 498)

NEMA 5-15R NEMA 5-15P NEMA L6-15P
15A250V 20A 125V

Cw
L

NEMA 6-15R NEMA 6-15P

S
o

U.S. and Canada
receptable and plug
Polarized

(UL 498)

20A 125V
U.S. receptacle and plug
Canada plug only

>

NEMA L5-20P

Z Z z Z
& & m tm
£ £ = 2
> > > >
-~ oy - oy
i 2 iR 7
L 5= [ —
(=) =) =1 n
= = = ~

U.S. and Canada
locking receptable and plug
Polarized

(UL 498)

20A 250V
U.S. and Canada
locking receptable and plug

Polarized Polarized
(UL 498) (UL 498)
NEMA 6-20R  NEMA 5-20P NEMA L6-20P
20A250V 30A 125V
U.S. receptacle and plug U.S. and Canada
Canada plug only locking receptable and plug
Polarized Polarized
(UL 498) (UL 498)
NEMA 6-20R NEMA 6-20P NEMA L5-30P
I5A 125V
U.S. and Canada 30 A‘250V‘
locking receptacle and U.S._.md Canada
plug locking receptable and plug
Polarized Polarized
(UL 498) (UL 498)
NEM L5-15R NEM L5-15P NEMA L6-30R NEMA L5-30P

NEMA plugs and receptacles. Courtesy of Raritan, Inc.
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e Space by space (functional area method)
e Building Area method.
e Area method.
NEC &S a¥ 3 6l cisn Jlaa¥) cililes -

Al Jlal) Cllies 2
e lil) Jalra g calhal) Jalaa ¢ (3,81

o8 Al oy (A Al eI Jlea¥) & sana Ao e shaiall Calla ol (g dail) g sallal) Jalas
A plaiall
Demand Factor (DF) = Maximum Demand / Total Connected Load
e 50 Jleal Jons Jie Bl L 8 Jlaa¥) (e Aaliaall o) 631 Qi (20 L) a1 L) Jalaa
Adass siall 5 5 piaall IS 8 mosaa aal g Lgraa g &5 Lailyg  jal o i ol ol el Jaa

Diversity Factor (DV) = Individual Maximum Demand of Load / Maximum Demand of the Whole System

Operational factors :
Maximum demand

Connected load

1. Demand Factor =

energy consumed is a given period
Hours in that time period

2. Average load =

Average demand

3. Load factor =
Maximum load
4. Diversity factor = sur_‘n of individual max demands_
Maximum demand on power station
5. Plant Capacity factor = FLVErage dema.nd
Installed capcity
6. Reserve Capacity = Plant capacity - max. demand
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» Data center facility, comprised of one or more units of IT rooms,

comprised of one or more units of IT pods, comprised of one or more units
of IT cabinets
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A data center pod is a cluster of IT cabinets combined with power and cooling
infrastructure that is deployed as a unit
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The total floor space that the IT load has been based oniis: It Load =1.5 KW/m2

Data Hall Area (m2) IT Load 1.5kW/m2
Full Installation 760 750kW

In an average high-density data center, cabinets consume between 10 kW and
150 kW/Ft2
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Cabinets
in room
[ Number of cabinets 12
= E Design target average power per cabinet 4 kKWW
E E Peak cabinet power 8 KW
&‘E Cabinent power uncertainty +/- 15% (80% confidence)
Managed power ratio T0%
[ Area per cabinet sq ft
- Cabinets sqft subtotal
'_g Cabinet area requirement 12 o] 192 sq ft
E Space resened for staging 2 o 32 sgft
&_‘E Suggested space for density uncertainty 34 sq ft
2 | Space for density uncertainty 2 o 32 sgft
g Space resenved for power 2 (o] 32 sq ft
Z | Space resened for cooling 2 (o] 32 sqgtft
w Space resened for ancillary systems 2 (o] 32 sq ft
Space resened for storage (4] 25 25 sq ft
Space for egress, ramps, and columns 0 40 40 sq ft
- 417 sq ft
[ Rated system power 48 KW
o] Expected IT operating power 33.6 kKW
E = | Peak rated power per cabinet 8.0 kW
,@ E Nominal power per cabinet 4.0 kKW
g: E Average expected power per cabinet 2.8 kKW
g @ | Room size 417 sq ft
& Expected unused IT space 15% of total space
Room power density 115 W per sq ft
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Data center facility, comprised of

» ITrooms, each comprised of:
» 9IT pods, comprised of:
» 10IT cabinets
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Density

Parameters

Space Use Parameters

Performance Summary

Number of units

Design target average power per unit
Peak power per unit

Unit power uncertainty +/-

Managed power ratio

Area per unit

Area requirement for units
Space reserved for staging

Suggested space for density uncertainty

Space resened for density uncertainty
Space resened for power

Space resened for cooling

Space resened for ancillary systems
Space resened for storage

Space for egress, ramps, and columns

Room Units Pod Units Cabinet Units
in Facility System in Room System in Pod System
4 10 10
500| kW 50| kW 5.0(kwW
500| kW 50( kW 12.5|kW
24%
80%
Rooms sqft  subtotal Pods sqft subtotal Cabinets sq ft subtotal
4 0| 17920 sq ft 10 0] 2800 sqft 10 0| 140 sqtt
0| 500f S00sqgft 1 0] 280sqft 0 0 0sqft
283 sqft 324 sqft 44 sqft
0 0 Osqft 1 0] 280sqft 2 0 28 sqft
0| 2000 2000 sqft 0 80 80 sqft 1 0 14 sq ft
0| 2000 2000 sqft 0 80 80sqft 3 0 42 sqft
0| 400] 400sqft 0 80| 80 sqft 0 0 0sqft
0| 500 S00sqft 0 80 80sqft 0 0 0sqft
0| 2000| 2000 sqft 0| 800)] 800sqgft 0 56 56 sq ft
25320 sq ft 4480 sq ft 280 sq ft
2000 kW facility 500 kW [ room 50 kW / pod

Rated system power

Expected # IT cabinet requirement
Max # IT cabinet capability
Expected IT operating power
Peak rated power per Unit
Nominal rated power per Unit
Average expected power per Unit
System size

Expected unused unit space
System power density

100 cabinents / room
144 cabinents / room

400 cabinets / facility
576 cabinets / facility

10 cabinets / pod
12 cabinets / pod

1600 kW facility 400 kW / room 40 kW / pod
500 kW / room 50 kW / pod 12.5 kW / cabinet
500 kW / room 50 kW / pod 5.0 kW /cabinet
400 kW / room 40 kW / pod 4 kW / cabinet

25320 sq ft / facility 4480 sq ft / room 280 sq ft / pod
2% of facility 13% of room 10% of pod

79 W per sq ft (facility) 112 W per sq ft (room) 179 W per sq ft (pod)

* This field needs to sum the space from the various pods, if more than one type of pod exists
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Small

Large

Specification parameter

Number of cabinets

enterprise

enterprise

Colocation

Type of space reserved for staging

Locations

Locations

Locations

Locations

per pod (#) 4-10 10-14 6-14 10-20 10-20
Design target average power per
cabinet (W): Full load power of the 4 k'w 6 kw 4 kw 12 kW 16 k'w
average cabinet
Peak power per unit{W): Maxlml_.!m 8 kw 12 kW 12 kw 25 kw 25 kw
power of the highest power cabinet
Unit power uncertainty (35): The
uncertainty of the estimate of design 50%% 30% 50% 30% 50%
target average power
Managed power ratio (%6): Average of
actual power draw to full load power 90% 80% 90% 70% 20%
of the cabinets

Cabinet Pod Pod& Room Pod & Room Pod & Room

Locations

S-10% of 1 pod per Dapends on 1 pod per 1 pod per
Amount of space reserved for staging total cabinet P P business P P P P
room room room
count model
N Design Design Design Design Design
Space reserved for power and cooling dependent dependent dependent dependent dependent
Space reserved for ancillary systems 5% of room 52 of room 1.?::;1: 52 of room 52 of room
Space reserved for storage 10% of room 52 of room none none none
Space reserved for egress, ramps, 50% of room =0% of room Design 20% of room 20% of
and columns dependent room
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Calculation Subtotal kW
Power requirement = electrical
Critical boad- sizing calculatar
wvalue from Schneider Electric Rating of each [T device ( Calculator tofal in VA x 067 ) /1000 | #1 kW
website
Far equipment not listed in the .
sizing caculaor, criical load - | S48t Fﬁiﬁ“‘:“"f;;’}' smcutly ( Sublotal VA x 67 )/ 1000 #2 KW
nameplate ng sys
VA of nameplate of each anticipated | [ (Add VA rating of future devices) x 67 |
Future Loads IT device 11000 #3 kW
Peak power draw due fo varation § Total steady state crifical load power
in eritical loads draw [#1+82 +83)x.1.05 #4 kW
LIF'Silﬂefﬁcienc)rand batkery Actual Load + Future Loads (in kW) (#1+82+83)x032 #5 kW
charging
o Tatal floor area associated with the 0,002 x floor area (sq ft), or 0.0215x

Lighting data cenfer floor area (sq m) e W
Total power to support
e Total from #4, #5, and # 6 above g4+R5+86 #7 kW
Power requirement = cooling
Total power to support cooling For Chiller systems # 7 x 0.7
demands Total from #7 ahove ForDXsystems #7x1.0 W
Total power reguirement
Total power to support
slectrical and cooling demands Total from #7 and £ 8 above #7+48 #9 kW
Size of electrical service estimate
Requirements to meet NEC and
cther regulators Total from #9 above #9x125 #10 KW
Three phase AC voltage provided
g AC voltage #11 VAC
Electrical service required from | Total from # 10 and AC voltage in
utility company in Amps #11 (#10x1000)/ (#11x 1.73) Amps
Size of standby generator estimate (if applicable)
gggﬂ”m“““ﬂm“ Total from #7 above ETx13 #12 ow

up
Caoling loads requiing QENerE(or N gl from 8 above #8115 #13 KW

up
Size of generator needed Total from #12 and # 13 above #12+813 kW

*WARNING: The 1.3 variable applies to fully power factor corrected UPS. A 3.0
multiplier must be used when using traditional double conversion UPS with input
harmonic filters.
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ELECTRICAL LOAD CALCULATION FOR HYPERSCALE (TYPICAL FOR 6
STRINGS)

1 IT Load for Server Rooms
Data hall-01 IT load 1500 1500 kw
Data hall-02 IT load 1500 1500 kW
Data hall-03 IT load 1500 1500 kW
Data hall-4 IT load 1500 1500 kW
MMR load 100 100 kW
2 No. of IT paths 6 5
3 UPS load per data hall 250 300
4 UPS i/p power per data hall 260 313 kW | considering with 4% loss
5 UPS i/p power per data hall 274 329 kW | With 5% battery charging
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6 IT Load per BBT path 1096 1316 kw

7 Chiller KW/path 500 500 kw

8 Mech. UPS/path 112 135 KW | Considered 200 kVA UPS

. considering 4% loss and 1% dist

9 i/p Power for each ME UPS 124 149 kW loss and 5% Battery charging loss,

1721 1965 KW for 2 nos. IT path(with MMR
load)

10 Total KW/Path -

1621 1865 KW for 4 nos. IT path (without MMR
load)
11 Total KW/PHASE 9924 kw
Equipment Selection Sheet

Transformer loading at 0.95
pf

1811 2068 KVA
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Tran§former sizing at 90% 1912 2183 KVA

loading

Transformer selected 2500 2500 KVA
o .

Actua! % Loading for TX 76% 87%

selection

Battery on floating mode during

Total loading on DG set 1721 1965 KW | DG operation and will not cause
loading on generator
Continuous duty Engine capacity

. for unlimited no. of hours

Selected DG set rating 2200 2200 KW (2200KW-DCCR Genset, from
Cummins/Perkin/CAT)

No. DG required for operatior 1 1

in N configuration/path

No. of DG required for N+1 ) 1

configuration operation/path

Load pfar Generatorin N 1721 1965

operation

Loading per Generator 78% 89% % loading of Generator at full loag

IT LOAD

1096

1316

KW
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UPS Loading@90% 1218 1462 KVA

UPS Selected 1600 KVA

No. of UPS selected for N Nos 2 2 x 800KVA UPS/ Path
configuration (rounded)/path
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ELECTRICAL LOAD CALCULATION FOR HOUSE LOAD

SL.NO LOAD DESCRIPTION TDL TCL UNITS REMARKS
1 FIRE PUMP 68.5 137 kW
2 SMDB - ME 213 243 kW
3 SMDB - P&L 78 150 kW
4 SMDB - LIFE & SAFETY 94 102 kW
5 SMDB - VRF 1 152 190 kW
6 SMDB - VRF 2 231 260 kW
7 SMDB - UPS - MECH 190 198 kW
9 Total KW/Path 1026 1280 kw

Equipment Selection Sheet

TRANSFORMER SIZING

.
1 Transformer loading at 0.9 pf 1140 1423 KVA
2 Transformer loading at 85% 1207 1498 KVA
3 Transformer selected 1500 1500 KVA
7 % Loading per Transformer 80% 100%
Il DIESEL GENERATOR SIZING
1 DG Loading at 100% and 0.9 PF 1207 1423
2 DG selected 1500 1500 KVA
% loading of
6 Loading per Generator 80% 95% Generator at
full load
M. UPS SIZING
1 Load on UPS 190 198 KW

considering 4%
loss and 1%
2 UPS load including losses 211 220 dist loss and
5% Battery
charging loss.

3 UPS Loading@90% 234 244 KVA
4 UPS Selected 250 250 KVA
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Data Hall 3A DC2 1500.0 62.4 1560.0
5506 5795
Data Hall 38 DC2 1500.0 4.3 1493.0
1 Phase 1 (ORACLE) ' i .
Landlord Loads!|
MMR, OT, WT1,
SH1, 551 & Othe| OFC - - 12.0 313 433 486.0 511.6
loads
Data Hall 4A DC2 1500.0 62.4 1560.0
5449 5736
Data Hall 4B DC2 1500.0 62.4 1560.0
2 Phase 2| Landlord Loads;
MMR, OT, WT1,
SH1, 551 & Othe| OFC 24.0 93.8 117.8 476.0 501.1
loads
Data Hall 1A DC1 1500.0 62.4 - -- 1560.0
Data Hall 1B DC1 1500.0 62.4 1560.0
10931 11507
Data Hall 2B DC1 1500.0 62.4 : - 1560.0
3 Phase 3
Data Hall 2A DC1 1500.0 62.4 1560.0
Landlord Loads!|
MMR, OT, WT1,
SH1, SS1 & Othel OFC 36.0 125.0 161.0 1010 1063.4
loads
4 Overall Maximum Demand 12000.0 441.1 48.0 125.1 12,586 23,859 25,114
Load (phase 3) ) ) ) ) ’ ’ ’
1 Phase 1 3000.0 66.7 12.0 313 3096.3 5,992 6,307
2 Phase 2 6000.0 191.5 24.0 125.1 6334.1 11,917 12,544
3 Overall Maximum Demand 12000.0 441.1 48.0 125.1 12574.1 23,859 25,114
Load (phase 3) ) ) ) ) ) ’ ’
4 Total (IT & Mechanical) UPS Battery 516.6
Charging Load
5 Overa.ll Maximum Demand excluding UPS Battery 233421
Charging Load
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SUMMARY: LOADING & EQUIPMENT SIZING

MAXIMUM DEMAND LOADS IN KW TOTAL

MAXIMUM

POWER DISTRIBUTION DEMAND

DESCRIPTION

SCENARIOS -TOTAL LOAD

1.1

Secnario-1: Three Power
Distribution Path/ Plant
Equipment in
Normal Condition (KW)

PATH -C

POWER STRING: DATA HALL 1A & 1B

1,658

TRANSFORMER C/
GENERATOR C/
MDB C

LOAD
IN KW

2,137

1,767

5,562

Total load distributed between
three power distribution
paths

1.2

Scenario-2: Power
Distribution Path A / Plant
Equipment on
Maintenance/ Failure

(KW)

On Maintenance/
Failure

2,701

2,603

5,304

13

Scenario-3: Power

Distribution Path B/ Plan{]
Equipment on

Maintenance/ Failure

(KwW)

2,422

On Maintenance/ Failurg

2,540

4,961

1.4

Scenario-4: Power

Distribution Path C/ Planf]
Equipment on

Maintenance/ Failure

(KW)

2,494

2,684

On Maintenance/
Failure

5,178

Peak Maximum demand o]
Transformer/Generator
from different
maintenance/failure
scenarios (in KW)

SCENARIOS - IT UPS SYSTE

2.1

Three Power Distribution
Path in Normal Condition
(Kw)

2,494

1,061

2,701

998

2,603

UPS SYSTEM C

1,061

3,120

2.2

UPS System A on
Maintenance/ Failure

Scenario (KW)

On Maintenance/
Failure

1,498

1,622

3,120

23

UPS System B on
Maintenance/ Failure

Scenario (KW)

1,560

On Maintenance/
Failure

1,560

3,120

2.4

UPS System C on
Maintenance/ Failure

Scenario (KW)

1,622

1,498

On Maintenance/
Failure

3,120

Peak Maximum demand o]

a UPS System from differen|

maintenance/failure
scenarios (in KW)

1,622

1,498

1,622

All the UPS Battery Back shall be
sized for its full load
capacity in KW noted in the SLD
for a battery autonomy of 5min|
at the end of life for 10 years. Al
the battery will be designed witl
Lithium lon.
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MECH UPS
3 SYSTEM UPS SYSTEM B UPS SYSTEM C

Three Power Distribution

3.1 Path in Normal Condition 417 626 417
(Kw)

UPS System A on
3.2 Maintenance/ Failure 626 626
Scenario (KW)

UPS System B on
3.3 Maintenance/ Failure 626 626
Scenario (KW)

UPS System C on
3.4 Maintenance/ Failure 626 626
Scenario (KW)

Peak Maximum demand or]
a UPS System from differen|

. . 626 626 626
maintenance/failure
scenarios (in KW)
MAXIMUM DEMAND LOADS IN KW TOTAL
MAXIMUM
SI.NO. DESCRIPTION POWERP[;I:;.'TIBBUTION POWERPIZI:JTICBUTION DEMAND REMARKS
LOAD IN KW
4 PLANT EQUIPMENT SIZING
4.1 TRANSFORMER
Maximum Demand load or]
411 vty 2625 2843 2740
(Max of failure scenario) @
0.95 PF (in KVA)
4.1.2 Transformer Size in KVA 3150KVA 3150KVA 3150KVA Cast Resin Transformers
4.2 GENERATOR
Generator Size (Data Centre
Maximum Demand on Continuous Rated in compliance
421 Generator in KW 2,494 2,603 with Uptime Tier Ill requirement

in KW

The GENERATOR Size to be
Confirmed based on Mech.Loadg
1. All the Generators shall be
Derated to ambient Temp
2. The Generator rating shall be|
net electrical output after
excluding all the ancillary loads
4.2.2 Generator Size in kW 2,850 2,850 2,850 for generator as per
manufacturer (Remote Radiator
3. All the Generators shall be
Uptime Tier Il Continuous Rated
Unit compliance to Uptime Tier
1.
4. All the Generators shall be
designed with belly tank for a
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minimum of 48 hours of fuel
storage for rated capacity.
Loading % 88% 95% 91%
4.3 IT UPS
431 IT load UPS. Sizing @ 0.95 P 1708 1576 1708
(in KVA)
432 Load on Each UPS 854 788 854 Twono.of ITUPS in Parallel
Configuration.
433 1000KVA UPS @ 0.95PF 950 kW 950 kW 950 kW
Individual IT UPS unit
43.4 Percentage of Loading 56% 53% 56%
during Normal Scenario
Individual IT UPS unit
435 Perce.ntage of Loading 85% 79% 85%
during Worst-case
Scenario
1. Design with 3N/2 Distributed
S Redundant
436 IT UPS Size in KW 2 X 950KW 2 X 950KW 2 X 950KW 2. Designed for 5 Minutes Batter
Backup for "N" Capacity loads
MAXIMUM DEMAND LOADS IN KW TOTAL
MAXIMUM
SI.NO. DESCRIPTION POWERPT:;TLBUTION DEMAND REMARKS
LOAD IN KW

POWER STRING: DATA HALL 2A & 2B

TRANSFORMER C/
1 SCENARIOS -TOTAL LOAD GENERATOR C/
MDB C
S;C?Tot',lz Tsrztes/P;leetr Total load distributed between
1.1 s rIE:ulizzweit in an 1,684 2,146 1,653 5,483 three power distribution
Normal Condition (KW) paths
Scenario-2: Power Distributio OnIvaintenance)
1.2 Path A / Plant Equipment on| Fail 2,693 2,517 5,211
Maintenance/ Failure (KW) aiiure
Scenario-3: Power Distributio On Maintenance/
1.3 Path B/ Plant Equipment or] 2,446 - 2,431 4877
Maintenance/ Failure (KW) ailure
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Scenario-4: Power Distributio
Path C/ Plant Equipment or]
Maintenance/ Failure (KW)

2,518

2,692

On Maintenance/
Failure

5,211

Peak Maximum demand or]
Transformer/Generator
from different
maintenance/failure
scenarios (in KW)

SCENARIOS - IT UPS SYSTE

2.1

Three Power Distribution
Path in Normal Condition

(Kw)

2,518

2,693

2,517

UPS SYSTEM B

UPS SYSTEM C

1,061

998

1,061

3,120

2.2

UPS System A on
Maintenance/ Failure

Scenario (KW)

On Maintenance/
Failure

1,498

1,622

3,120

2.3

UPS System B on
Maintenance/ Failure

Scenario (KW)

1,560

On Maintenance/
Failure

1,560

3,120

2.4

UPS System C on
Maintenance/ Failure

Scenario (KW)

1,622

1,498

On Maintenance/
Failure

3,120

All the UPS Battery Back shall b
sized for its full load
capacity in KW noted in the SLD
for a battery autonomy of 5min|
at the end of life for 10 years. Al
the battery will be designed witH

Peak Maximum demand o]
a UPS System from
different
maintenance/failure
scenarios (in KW)

1,622 1,498 1,622

MECH UPS
SYSTEM

3.1

Three Power Distribution
Path in Normal Condition
(Kw)

417

Lithium lon.

UPS SYSTEM B

UPS SYSTEM C

626

417

3.2

UPS System A on
Maintenance/ Failure

Scenario (KW)

626

626

33

UPS System B on
Maintenance/ Failure

Scenario (KW)

626

626

34

UPS System C on
Maintenance/ Failure

Scenario (KW)

626

626

Peak Maximum demand or|
a UPS System from
different
maintenance/failure
scenarios (in KW)

626

626

626

SI.NO.

DESCRIPTION

MAXIMUM DEMAND LOADS IN KW

POWER DISTRIBUTION
PATH -B

POWER DISTRIBUTION
PATH -C

TOTAL

MAXIMUM
DEMAND
LOAD IN KW

REMARKS
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4 PLANT EQUIPMENT SIZING
4.1 TRANSFORMER
Maximum Demand load or]
411 vty 2651 2835 2650
(Max of failure scenario) @
0.95 PF (in KVA)
4.1.2 Transformer Size in KVA 3150KVA 3150KVA 3150KVA Cast Resin Transformers
4.2 GENERATOR
Generator Size (Data Centre
Maximum Demand on Continuous Rated in compliance
421 Generator in KW 2,518 2,517 with Uptime Tier Ill requirement
in KW
The GENERATOR Size to be
Confirmed based on Mech.Loadg
1. All the Generators shall be
Derated to ambient Temp
2. The Generator rating shall be|
net electrical output after
excluding all the ancillary loads
for generator as per
422 Generator Size in kW 2,850 2,850 2,850 manufacturer (Remote Radiator
3. All the Generators shall be
Uptime Tier Il Continuous Rated
Unit compliance to Uptime Tier
1.
4. All the Generators shall be
designed with belly tank for a
minimum of 48 hours of fuel
storage for rated capacity.
Loading % 88% 95% 88%
4.3 IT UPS
IT load UPS Sizi 0.95 P|
4.3.1| 'Tload UpSSizing @ 1708 1576 1708
(in KVA)
4.3.2 Load on Each UPS 854 788 854 Two no.of IT UPS.m Parallel
Configuration.
433 1000KVA UPS @ 0.95PF 950 kW 950 kW 950 kW
Individual IT UPS unit
43.4 Percentage of Loading 56% 53% 56%
during Normal Scenario
Individual IT UPS unit
Percentage of Loading
435 85% 79% 85%

during Worst-case

Scenario
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1. Design with 3N/2 Distributed
Redundant

4.3.6 IT UPS Size in KW 2 X 950KW 2 X 950KW 2 X 950KW ; K
2. Designed for 5 Minutes Batter|
Backup for "N" Capacity loads
MAXIMUM DEMAND LOADS IN KW TOTAL
MAXIMUM
SI.NO. DESCRIPTION POWERP[:\I:;'TIBBUTION POWERPT_:;TLBUTION DEMAND REMARKS
LOAD IN KW

POWER STRING: DATA HALL 3A & 3B

TRANSFORMER B/

TRANSFORMER C/

1 SCENARIOS -TOTAL LOAD GENERATOR B/ GENERATOR C/
MDB B MDB C
Slsi(;:;lr)is;i:gn-rszﬁ /P;\::tr Total load distributed between
1.1 Equipment in 1,581 2,178 1,747 5,506 three power :|str|but|on
Normal Condition (KW) paths
Scenario-2: Power Distributio On Maintenance/
1.2 Path A / Plant Equipment on = 2,719 2,524 5,243
Maintenance/ Failure (KW) ailure
Scenario-3: Power Distributio On Maintenance/
1.3 Path B/ Plant Equipment o 2,677 Fail 2,565 5,243
Maintenance/ Failure (KW) ailure
Scenario-4: Power Distributio On Maintenance/
1.4 Path C/ Plant Equipment or| 2,353 2,760 =1 5,114
Maintenance/ Failure (KW) ailure
Peak Maximum demand o]
Transformer/Generator
from different 2,677 2,760 2,565
maintenance/failure
scenarios (in KW)
2 SCENARIOS - IT UPS SYSTE UPS SYSTEM B UPS SYSTEM C
Three Power Distribution
2.1 Path in Normal Condition 994 1,029 1,040 3,062
(KW)
UPS System A on 5
2.2 Maintenance/ Failure O Malr)tenance/ 1.519 1.543 3.062
. Failure ! ! !
Scenario (KW)
UPS System B on 5
23 Maintenance/ Failure 1.485 o Malr)tenance/ 1577 3062
. ! Failure ! !
Scenario (KW)
UPS System C on 5
24 Maintenance/ Failure 1.498 1.565 Dy el sy 3.062
. ! ! Failure !
Scenario (KW)
All the UPS Battery Back shall be
Peak Maximum demand or] sized for its full load
a UPS System from capacity in KW noted in the SLD
different 1,498 1,565 1,577 for a battery autonomy of 5min|
maintenance/failure at the end of life for 10 years. Al
scenarios (in KW) the battery will be designed with
Lithium lon.
3 MECH UPS UPS SYSTEM B UPS SYSTEM C
SYSTEM
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Three Power Distribution

3.1 Path in Normal Condition 417 626 417
(Kw)
UPS System A on .
3.2 Maintenance/ Failure On Malr}tenance/ 626 626
. Failure
Scenario (KW)
UPS System B on X
3.3 Maintenance/ Failure 626 On Malrftenance/ 626
. Failure
Scenario (KW)
UPS System C on .
3.4 Maintenance/ Failure 626 626 On Malr}tenance/
Failure
Scenario (KW)
Peak Maximum demand o]
a UPS System from
different 626 626 626 TOTAL
maintenance/failure
scenarios (in KW)
MAXIMUM
SI.NO. DESCRIPTION POWERP[;I:JTIBBUTION POWERPIZI:JTICBUTION DEMAND REMARKS
LOAD IN KW
4 PLANT EQUIPMENT SIZING
4.1 TRANSFORMER
Maximum Demand load or]
411 utility 2818 2905 2700
(Max of failure scenario) @
0.95 PF (in KVA)
4.1.2 Transformer Size in KVA 3150KVA 3150KVA 3150KVA Cast Resin Transformers
4.2 GENERATOR
Generator Size (Data Centre
Maximum Demand on Continuous Rated in compliance
421 Generator in KW 2,677 2,565 with Uptime Tier Ill requirement
in KW
The GENERATOR Size to be
Confirmed based on Mech.Loadg
1. All the Generators shall be
Derated to ambient Temp
2. The Generator rating shall be|
net electrical output after
excluding all the ancillary loads
for generator as per
422 Generator Size in kW 2,850 2,850 2,850 manufacturer (Remote Radiator
3. All the Generators shall be
Uptime Tier Il Continuous Rated
Unit compliance to Uptime Tier
1.
4. All the Generators shall be
designed with belly tank for a
minimum of 48 hours of fuel
storage for rated capacity.
Loading % 94% 97% 90%
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POWER STRING: DATA HALL 4A & 4B

4.3 IT UPS
| PS Sizi .

43| 'Tload UPS Sizing @ 0.95 P 1577 1647 1660

(in KVA)
432 Load on Each UPS 788 823 830 Two no.of IT UPS.ln Parallel

Configuration.
433 1000KVA UPS @ 0.95PF 950 kW 950 kW 950 kW
Individual IT UPS unit
43.4 Percentage of Loading 52% 54% 55%
during Normal Scenario
Individual IT UPS unit
435 Percehtage of Loading 79% 82% 83%
during Worst-case
Scenario
1. Design with 3N/2 Distributed
S Redundant
436 IT UPS Size in KW 2 X 950KW 2 X 950KW 2 X 950KW 2. Designed for 5 Minutes Batter
Backup for "N" Capacity loads
MAXIMUM DEMAND LOADS IN KW TOTAL
MAXIMUM
SI.NO. DESCRIPTION POWERPT$;|§LBUTION POWERPT:;TI:UTION DEMAND REMARKS
LOAD IN KW

TRANSFORMER B/ TRANSFORMER C/
1 SCENARIOS -TOTAL LOAD GENERATOR B/ GENERATOR C/
MDB B MDB C
S;C:ésot',l: Tsris/Pslwetr Total load distributed between
1.1 s rIE:uli?)Leit in an 1,658 2,142 1,649 5,449 three power distribution
Normal Condition (KW) paths
Scenario-2: Power Distributio OnIvaintenance)
1.2 Path A / Plant Equipment on Eail 2,693 2,485 5,178
Maintenance/ Failure (KW) atiure
Scenario-3: Power Distributio On Maintenance/
1.3 | Path B/ Plant Equipment or] 2,422 - 2,422 4,844
Maintenance/ Failure (KW) ailure
Scenario-4: Power Distributio On Maintenance/
1.4 Path C/ Plant Equipment o 2,494 2,684 Fail 5,178
Maintenance/ Failure (KW) atiure
Peak Maximum demand or]
Transformer/Generator
from different 2,494 2,693 2,485
maintenance/failure
scenarios (in KW)
2 SCENARIOS - IT UPS SYSTE UPS SYSTEM B UPS SYSTEM C
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2.1

Three Power Distribution
Path in Normal Condition

(Kw)

1,061

998

1,061

3,120

2.2

UPS System A on
Maintenance/ Failure

Scenario (KW)

On Maintenance/
Failure

1,498

1,622

3,120

23

UPS System B on
Maintenance/ Failure

Scenario (KW)

1,560

On Maintenance/
Failure

1,560

3,120

24

UPS System C on
Maintenance/ Failure

Scenario (KW)

1,622

1,498

On Maintenance/
Failure

3,120

All the UPS Battery Back shall b
sized for its full load
capacity in KW noted in the SLD
for a battery autonomy of 5min|
at the end of life for 10 years. Al
the battery will be designed witH

Peak Maximum demand o]
a UPS System from
different
maintenance/failure
scenarios (in KW)

1,622 1,498 1,622

MECH UPS
SYSTEM

3.1

Three Power Distribution
Path in Normal Condition
(Kw)

417

Lithium lon.

UPS SYSTEM B

UPS SYSTEM C

626

417

3.2

UPS System A on
Maintenance/ Failure

Scenario (KW)

626

626

3.3

UPS System B on
Maintenance/ Failure

Scenario (KW)

626

626

34

UPS System C on
Maintenance/ Failure

Scenario (KW)

626

626

Peak Maximum demand or]
a UPS System from
different
maintenance/failure
scenarios (in KW)

626

626

626

SL.NO.

DESCRIPTION

PLANT EQUIPMENT SIZING

MAXIMUM DEMAND LOADS IN KW

POWER DISTRIBUTION
PATH -B

POWER DISTRIBUTION
PATH -C

TOTAL

MAXIMUM
DEMAND
LOAD IN KW

REMARKS

4.1

TRANSFORMER

4.1.1

Maximum Demand load or]
Utility

(Max of failure scenario) @
0.95 PF (in KVA)

2625

2834

2616

Transformer Size in KVA

3150KVA

3150KVA

3150KVA

Cast Resin Transformers
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4.2 GENERATOR
Generator Size (Data Centre
Maximum Demand on Continuous Rated in compliance
421 Generator in KW 2,494 2,485 with Uptime Tier Il requirement
in KW
The GENERATOR Size to be
Confirmed based on Mech.Loadg
1. All the Generators shall be
Derated to ambient Temp
2. The Generator rating shall be|
net electrical output after
excluding all the ancillary loads
for generator as per
4.2.2 Generator Size in kW 2,850 2,850 2,850 manufacturer (Remote Radiator
3. All the Generators shall be
Uptime Tier Il Continuous Rated
Unit compliance to Uptime Tier
.
4. All the Generators shall be
designed with belly tank for a
minimum of 48 hours of fuel
storage for rated capacity.
Loading % 88% 94% 87%
4.3 IT UPS
43| 'Tload UPS Sizing @ 0.95 P 1708 1576 1708
(in KVA)
432 Load on Each UPS 854 788 854 Two no.of IT UPS in Parallel
Configuration.
433 1000KVA UPS @ 0.95PF 950 kW 950 kW 950 kW
Individual IT UPS unit
434 Percentage of Loading 0.56 0.53 0.56
during Normal Scenario
Individual IT UPS unit
Percentage of Loading
435 . 85% 79% 85%
during Worst-case
Scenario
1. Design with 3N/2 Distributed
S Redundant
4.3.6 IT UPS Size in KW 2 X 950KW 2 X 950KW 2 X 950KW 2. Designed for 5 Minutes Batter
Backup for "N" Capacity loads
MAXIMUM DEMAND LOADS IN KW TOTAL
MAXIMUM
SI.LNO. DESCRIPTION POWERPI;I:;TI:UTION DEMAND REMARKS
LOAD IN KW
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SCENARIOS -TOTAL LOAD

POWER DISTRIBUTION

PATH A

POWER DISTRIBUTION

PATH B

LANDLORD POWER STRING

NOT USED

DEMAND
LOAD
IN KW

1.1

Secnario-1: Two Power
Distribution Path/ Plant
Equipment in Normal
Condition (kw)

1150

822

NOT USED

1972

Total load distributed between
two power distribution paths

1.2

Scenario-2: Power
Distribution Path A / Plant
Equipment on
Maintenance/ Failure

(KW)

On Maintenance/
Failure

1148.0

NOT USED

1148

13

Scenario-3: Power

Distribution Path B/ Planf]
Equipment on

Maintenance/ Failure

(KW)

1398.4

On Maintenance/
Failure

NOT USED

1398

Peak Maximum demand o]
Transformer/Generator
from different
maintenance/failure
scenarios (in KW)

Two Power Distribution Pat|

1398.4

1148.0

21 in Normal Condition KW 149 149 NOT USED 298
UPS System A on X
22 Maintenance/ Failure On Malr.ltenance/ 208 NOT USED 298
. Failure
Scenario KW
UPS System B on X
23 Maintenance/ Failure 298 On Mau)tenance/ NOT USED 298
Failure
Scenario KW
All the UPS Battery Back shall b
Peak Maximum demand or] sized for its full load capacity in
a IT UPS System from KW noted in the SLD, for a
different 298.0 298.0 battery autonomy of 5min at thg
maintenance/failure end of life for 10 years. All the
scenarios (in KW) battery will be designed with
Lithium lon.
MECHAINCAL UPS (Critica
MECH. UPS SYSTEM B
3 Mech. + Office Area Loads
Two Power Distribution Pat
31 in Normal Condition KW 76.4 55.4 NOT USED 1318
UPS System A on .
3.2 Maintenance/ Failure On Maintenance/ 92.4 NOT USED 92.4
. Failure
Scenario KW
UPS System B on .
33 Maintenance/ Failure 94.9 O bz Tz e NOT USED 94.9

Scenario KW

Failure
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All the UPS Battery Back shall be
sized for its full load capacity in
Peak Maximum demand or| KW noted in the SLD, for a
a Mech. UPS System on 94.9 92.4 battery autonomy of 5min at the
various scenarios (in KW) end of life for 10 years. All the
battery will be designed with
Lithium lon.
MAXIMUM DEMAND LOADS IN KW TOTAL
MAXIMUM
SI.NO. DESCRIPTION POWERP?_\I.?;'TIBBUTION DEMAND REMARKS
LOAD IN KW
4 PLANT EQUIPMENT SIZING
4.1 TRANSFORMER
Maximum Demand load or]
411 Utility 1210 866 NOT USED
(Normal scenario) @ 0.95
PF (in KVA)
Maximum Demand load or]
Utility
412 (Max of failure scenario) @ 1472 1208 NOT USED
95% loading (in KVA)
1. Cast Resin Transformers for
both A & B Power String.
2. As of 07/09/21, we have
reduced the transformer size
413|  Transformer Size in KVA 1500kVA 1500kVA NOT USED down to 1500kVA. Technically
we could reduce size further
down to 1250kVA, but have kep|
it at 1500kVA to allow a
generous amount of additional|
load to be added in the future.
4.2 GENERATOR
Generator Size (Data Centre
Maximum Demand on Continuous Rated in compliance
421 Generator in KW 1398 1148 NOT USED with Uptime Tier Ill requirement
in KW
The GENERATOR Size to be
Confirmed based on Mech.Loadg
1. All the Generators shall be
Derated to ambient Temp
2. All the Generators shall be
Uptime Tier Il Continuous Rated
Unit compliance to TUI Tier Ill.
4.2.2 Generator Size in kW 1500KW 1500KW NOT USED 3. All the Generators shall be
designed with belly tank for a
minimum of 48 hours of fuel
storage for rated capacity.
4. Generator is the net effective
output, excluding ancillary
equipment. Compliant with the
Uptime Tier 3 compliant.
IT UPS (Critical Landlord IT]
4.3
Loads)
43| 'Tload UPSSizing @ 0.95P 314 314 NOT USED N+N Configuration.
(in KVA)
600KVA UPS @ 0.95PF &
433 100% Loading @‘ 570KW 570KW NOT USED
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1. Designed for 5 Minutes Batter

4.3.6 IT UPS Size in KW 570KW 570KW NOT USED Backup for "N" Capacity IT
Loads.
MECHAINCAL UPS (Critica
o MECH. UPS SYSTEM A MECH. UPS SYSTEM B
4.4 Mech. + Office Area Loads
Mech. UPS Sizing @ 0.9 PH
44.1 (in KVA) @ 0.95 loading 105 103 NOT USED
160KVA UPS @ 0.9PF & @
4.4.2 100% Loading 144KW 144KW NOT USED
443 Mech. UPS_ Rating Selected 144KW 144KW NOT USED Monolithic UPS with 5 Min.
in kw Battery Backup.
4.5 SECURITY HOUSE IT UPS
4.5.1 | Two Power Distribution Pat 1.2 kW 2.2 kw NOT USED 3 kW
in Normal Condition
UPS System A on .
452 Maintenance/ Failure RU e ee 2.2 kW NOT USED 2 kW
. Failure
Scenario
UPS System B on .
453|  Maintenance/ Failure 1.2 kw On Maintenance/ NOT USED 1kw
. Failure
Scenario
MAXIMUM DEMAND LOADS IN KW TOTAL
MAXIMUM
SI.NO. DESCRIPTION POWERP[:\I::;'TIBBUTION DEMAND REMARKS
LOAD IN KW
All the UPS Battery Back shall be
sized for its full load
Maximum demand on a UP| capacity in KW noted in the SLD
4.5.4 | System on various scenario| 1.2 kw 2.2 kW for a battery autonomy of 5min|
(in KW) at the end of life for 10 years. Al
the battery will be designed with
Lithium lon.
GH Area UPS Sizing @ 0.9 P|
ass| (KVA) & @ 95% Loading 1 kVA 2 kVA NOT USED KVA
5KVA UPS @ 0.9 PF & @
4.5.6 4.5KW 4.5KW NOT USED KVA
100% Loading
Each UPS will have a backup of
4.5.7 SH Area IT UPS Size in KW| 4.5KW 4.5KW NOT USED 30min. With Lithium lon
Battery.
SCENARIOS -MECH UPS
2 SYSTEM DH3A UPS SYSTEM B UPS SYSTEM C
Three Power Distribution
2.1 Path in Normal Condition 209 313 209 730
(Kw)
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2.2

UPS System A on
Maintenance/ Failure

Scenario (KW)

On Maintenance/
Failure

313

313

626

2.3

UPS System B on
Maintenance/ Failure

Scenario (KW)

313

On Maintenance/
Failure

313

626

2.4

UPS System C on
Maintenance/ Failure

Scenario (KW)

313

313

On Maintenance/
Failure

626

Peak Maximum demand o]
a UPS System from
different
maintenance/failure

scenarios (in KW)

MECH UPS selectio

SCENARIOS -MECH UPS
SYSTEM DH3B

21

Three Power Distribution
Path in Normal Condition

(Kw)

313

209

313

UPS SYSTEM B

313

UPS SYSTEM C

Monolithic UPS with 5 Min.
Battery Backup.

313

209

730

2.2

UPS System A on
Maintenance/ Failure

Scenario (KW)

On Maintenance/
Failure

313

313

626

23

UPS System B on
Maintenance/ Failure

Scenario (KW)

313

On Maintenance/
Failure

313

626

2.4

UPS System C on
Maintenance/ Failure

Scenario (KW)

313

313

On Maintenance/
Failure

626

Peak Maximum demand or]
a UPS System from
different
maintenance/failure

scenarios (in KW)

MECH UPS slecetio

313

313
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SCENARIOS -MECH UPS
SYSTEM DH4A

UPS SYSTEM B

UPS SYSTEM C

2.1

Three Power Distribution
Path in Normal Condition 209

(Kw)

313

209

730

2.2

UPS System A on
Maintenance/ Failure

Scenario (KW)

On Maintenance/
Failure

313

313

626

23

UPS System B on
Maintenance/ Failure 313

Scenario (KW)

On Maintenance/
Failure

313

626

2.4

UPS System C on
Maintenance/ Failure 313

Scenario (KW)

313

On Maintenance/
Failure

626

Peak Maximum demand or|
a UPS System from
different 313
maintenance/failure
scenarios (in KW)

313

313

SCENARIOS -MECH UPS
SYSTEM DH4B

2.1

UPS SYSTEM B

UPS SYSTEM C

Three Power Distribution
Path in Normal Condition 209

(Kw)

313

209

730

2.2

UPS System A on
Maintenance/ Failure

Scenario (KW)

On Maintenance/
Failure

313

313

626

2.3

UPS System B on
Maintenance/ Failure 313

Scenario (KW)

On Maintenance/
Failure

313

626

2.4

UPS System C on
Maintenance/ Failure 313

Scenario (KW)

313

On Maintenance/
Failure

626

Peak Maximum demand o]
a UPS System from
different 313
maintenance/failure
scenarios (in KW)

MECH UPS 4A-4B

MECH UPS slecetio 800KVA/7T20KW

313

800KVA/720KW

313

800KVA/T20KW

Monolithic UPS with 5
Min. Battery Backup.

SCENARIOS -MECH UPS
SYSTEM DH2A

UPS SYSTEM B

UPS SYSTEM C

2.1

Three Power Distribution
Path in Normal Condition

(Kw)

313

209

730
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2.2

UPS System A on
Maintenance/ Failure

Scenario (KW)

On Maintenance/
Failure

313

313

626

2.3

UPS System B on
Maintenance/ Failure

Scenario (KW)

313

On Maintenance/
Failure

313

626

2.4

UPS System C on
Maintenance/ Failure

Scenario (KW)

313

313

On Maintenance/
Failure

626

Peak Maximum demand o]
a UPS System from
different
maintenance/failure
scenarios (in KW)

SCENARIOS -MECH UPS
SYSTEM DH2B

2.1

Three Power Distribution
Path in Normal Condition

(KW)

313

313

313

UPS SYSTEM B

UPS SYSTEM C

209

313

209

730

2.2

UPS System A on
Maintenance/ Failure

Scenario (KW)

On Maintenance/
Failure

313

313

626

2.3

UPS System B on
Maintenance/ Failure

Scenario (KW)

313

On Maintenance/
Failure

313

626

2.4

UPS System C on
Maintenance/ Failure

Scenario (KW)

313

313

On Maintenance/
Failure

626

Peak Maximum demand or|

a UPS System from
different

maintenance/failure

scenarios (in KW)

MECH UPS 2A-2B

MECH UPS slecetio

SCENARIOS -MECH UPS
SYSTEM DH1A

21

Three Power Distribution
Path in Normal Condition

(Kw)

313

800KVA/7T20KW

313

800KVA/720KW

UPS SYSTEM B

313

800KVA/7T20KW

Monolithic UPS with 5
Min. Battery Backup.

UPS SYSTEM C

209

313

209

730

2.2

UPS System A on
Maintenance/ Failure

Scenario (KW)

On Maintenance/
Failure

313

313

626

23

UPS System B on
Maintenance/ Failure

Scenario (KW)

313

On Maintenance/
Failure

313

626

2.4

UPS System C on
Maintenance/ Failure

Scenario (KW)

313

313

On Maintenance/
Failure

626

Peak Maximum demand or]
a UPS System from
different
maintenance/failure
scenarios (in KW)

313

313

313
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SCENARIOS -MECH UPS
SYSTEM DH1B

21

Three Power Distribution
Path in Normal Condition

(Kw)

209

UPS SYSTEM C

313

209

730

2.2

UPS System A on
Maintenance/ Failure

Scenario (KW)

On Maintenance/
Failure

313

313

626

23

UPS System B on
Maintenance/ Failure

Scenario (KW)

313

On Maintenance/
Failure

313

626

2.4

UPS System C on
Maintenance/ Failure

Scenario (KW)

313

313

On Maintenance/
Failure

626

Peak Maximum demand or]
a UPS System from
different
maintenance/failure
scenarios (in KW)

MECH UPS 1A-1B

MECH UPS slecetio

313

800KVA/T20KW

800KVA/720KW

313

313

800KVA/T20KW

Monolithic UPS with 5
Min. Battery Backup.
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Maximum Demand Load in KW
Power
Switchboard/ Total Total Maximu Powerp;l:f:?utlo Distribution
. Distribution | No.of Rack| Load per Rack Diversity Path- ¢/ Total Maximum
SI.No. Description N N . Connected Demand Load Transformer -B/| Remarks
Boards/ Buswal Quantity / Unit load (in KW) Load in kW| Factor W Generator-B/ MD Transformer -  Demand Load (KW
Labels oadin B Generator-C,
MDB C
Nominal Nominal Nominal
Critical Area IT]
Load
DH 3A (PHASE
IT Row 1 (H) :w;gg 24 7.8 187.2 1 187.2 93.6 93.6 187.2
ITRow 2(G) Eaﬁgﬁz 24 7.8 187.2 1 187.2 93.6 93.6 187.2
ITRow 3 (F) B;NW//BC//]: 24 7.8 187.2 1 187.2 93.6 93.6 187.2
IT Row 4 (E) :\\:////://181 24 7.8 187.2 1 187.2 93.6 93.6 187.2
IT Row 5 (D) BB\AV/V//BA/IQZ 24 7.8 187.2 1 187.2 93.6 93.6 187.2
j- " s 72 ) w2 956 956 572
ITRow 7 (B) ‘;vaﬁéjii 24 7.8 187.2 1 187.2 93.6 93.6 187.2
IT Row 8 (A) iw;ﬁﬁ; 24 7.8 187.2 1 187.2 93.6 93.6 187.2
IDF 3A-1-DB-SH IDF Room 3 & 4 Redundant to each
IDF 1 |DF 3A-1-DB-S 8 7.8 62.4 1 62.4 312 31.2 62.4 other
IDF 3A-2-DB-SH IDF Room 3 & 4 Redundant to each
IDF 2 IDF 3A.2.DB.9 8 7.8 62.4 1 62.4 0.0 other
To‘aIL:::A I 208 1622.4 1622.4 468.0 499.2 592.8 1560.0
DH 3B (PHAS|
1) (Oracle )|
BW/A/1 8.73 kw @SERVER
IT Row 1 (A), BWI/C/L 26 10KW@NETWORK 149.0 1 149.0 74.5 74.5 149.0
BW/A/2 8.73 kw @SERVER
IT Row 2 (B) BWIC/2 25 10KW@NETWORK 147.5 1 147.5 73.8 73.8 147.5
BW/A/3 8.73 kw @SERVER
IT Row 3 (C), BWIC/3 26 10KW@NETWORK 149.0 1 149.0 74.5 74.5 149.0
BW/A/4 8.73 kw @SERVER
IT Row 4 (D) BW/B/L 25 10KW@NETWORK 1475 1 1475 73.8 73.8 147.5
BW/A/5 8.73 kw @SERVER
IT Row 5 (E)| BW/B/2 26 10KW@NETWORK 149.0 1 149.0 74.5 74.5 149.0
BW/A/6 8.73 kw @SERVER
IT Row 6 (F) BWIB/3 24 oK BN WORK 163.1 1 163.1 816 816 163.1
BW/B/4 8.73 kw @SERVER
IT Row 7 (G), BW/C/4 26 10KW@NETWORK 149.0 1 149.0 74.5 74.5 149.0
BW/B/S 8.73 kw @SERVER
IT Row 8 (H), BW/C/5 25 10KW@NETWORK 147.5 1 147.5 73.8 73.8 147.5
BW/B/6 8.73 kw @SERVER
IT Row 9 (1) BW/C/6 26 10KW@NETWORK 149.0 1 149.0 74.5 74.5 149.0
BW/A/7 8.73 kw @SERVER
IT Row 10 (J)| BW/B/T 25 10KW@NETWORK 147.5 1 147.5 73.8 73.76 147.5
clint office (IDF :gi izig;:ze 2 LC Rack 43 1 43 3.0 13 43 Canceled only 2 rack 4.3kw for LC racl
TotaILI::IdBB IT 256 1502.4 1502.4 526.3 529.3 446.8 1502.4
Total IT Load fq
DataHall3A & 3125 3125 994 1029 1040 3062
3B
UPS System
Losses @ 3.5% 0.04 125.0 0.0 125.0 34.8 36.0 36.4 107.2
UPS Batt.
Charging load d 0.04 125.0 0.0 125.0 34.8 36.0 36.4 107.2
3.5%
Total UPS Systel
losses + Batt.
Charging 250.0 0.0 250.0 69.6 72.0 72.8 214.4
load DH 3A an
DH 3B
CRITICAL
MECHANICAL|
LOAD
FIRST FLOOR
DH 3A (phase 1
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ecomsanrgl M50/ part s i e scenri . 1
gitl?nHaljlnsiS MECH UPS O/P| 1o 1043 1043 ! 1043 2o 1043 8 is always in standby mode unless on
8 C3 IDEC is down for maintenance.
IDEC-DH3A-RFO| MECH lBJBPS ofP
g::;nHadln?S MECH UPS O/H 1.0 104.3 104.3 1 104.3 104.3 104.3
e a
IDEC-DH3A-RFO| MECH :;S orP
(Dat? Hall ?A MECH UPS O/P 1.0 104.3 104.3 1 104.3 104.3 104.3
Cooling Unit)
A3
IDEC-DH3A-RFO| MECH g3PS orP
ﬁ;Datl.a Hadl 33 MECH UPS O/P| 1.0 104.3 104.3 1 104.3 104.3 104.3
ooling Uni A3
IDEC-DH3A-RFO|
(Data Hall 3A MECH UPS O/P 1.0 104.3 104.3 1 104.3 104.3 104.3
" . B3
Cooling Unit)
IDEC-DH3A-RFO|
(Data Hall 3A MECH UPS O/P 1.0 104.3 104.3 1 104.3 104.3 104.3
" . a
Cooling Unit)
IDEC-DH3A-RFO|
(Standby) MECH UPS O/P|
(Data Hall 3A A3 1.0 104.3 104.3 1 104.3 104.3 104.3 HOT STANDBY
Cooling Unit)
IDEC-DH3A-RFO|
(Future) MECH UPS O/P|
(Data Hall 3A = 1.0 104.3 104.3 1 104.3 FUTURE PROVISION - STANDBY
Cooling Unit)
Total Critical
Mechanical Loa| 625.5 625.5 208.5 312.8 208.5 729.8 0.0
for DH 3A

Maximum Demand Load in KW

Maximum Deman

Maximum Demand Load in KW

Load in KW
R Power Distributior| Dls:::luetrlon Dlstrl:l‘l’t‘::r: Pat| T Power Distribution
Distribution Pat| Path- C/ Total Maximum| Path-B/ o/ Total Maximun Distribution Patt| Path- C/ Total Maximunm|
Z 2‘:::::::2 Transformer -C/ Dem(aKr::’)Load Transformer -B,  Transformer -C| Dem(aKr::’)Load :; g::::::e; Transformer -C/ Dem(aKnv:\i’)Load
MDB B | Generator-c/ MDB Generator-B/| Generator-C/' ™ Generator-C/ MDB
MDB B MDB C
On Maintenance| Peak Peak Peak On Maintenang Peak Peak Peak On Maintenance
93.6 93.6 187.2 187.2 187.2 187.2 187.2
93.6 93.6 187.2 187.2 187.2 187.2 187.2
93.6 93.6 187.2 187.2 187.2 187.2 187.2
187.2 187.2 187.2 187.2 93.6 93.6 187.2
187.2 187.2 187.2 187.2 93.6 93.6 187.2
187.2 187.2 93.6 93.6 187.2 187.2 187.2
187.2 187.2 93.6 93.6 187.2 187.2 187.2
187.2 187.2 93.6 93.6 187.2 187.2 187.2
312 312 62.4 62.4 62.4 62.4 62.4
0.0 - -

0.0 686.4 873.6 1560.0 655.2 0.0 904.8 1560.0 748.8 811.2 0.0 1560.0
149.0 149.0 74.5 74.5 149.0 149.0 149.0
147.5 1475 73.8 73.8 147.5 147.5 147.5
149.0 149.0 74.5 74.5 149.0 149.0 149.0
147.5 1475 147.5 147.5 73.8 738 147.5
149.0 149.0 149.0 149.0 74.5 745 149.0
163.1 163.1 163.1 163.1 81.6 816 163.1
74.5 74.5 149.0 149.0 149.0 149.0 149.0
73.8 73.8 1475 147.5 147.5 1475 147.5
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74.5 745 149.0 149.0 149.0 149.0 149.0

147.5 1475 147.5 147.5 73.8 73.8 147.5

3.0 13 43 43 43 43 4.3
0.0 832.9 669.5 1502.4 829.9 0.0 672.5 1502.4 749.1 753.4 0.0 1502.4
0 1519 1543 3062 1485 0 1577 3062 1498 1565 0 3062
0.0 53.2 54.0 107.2 52.0 0.0 55.2 107.2 524 54.8 0.0 107.2
0.0 53.2 54.0 107.2 52.0 0.0 55.2 107.2 52.4 54.8 0.0 107.2
0.0 106.4 108.0 214.4 104.0 0.0 110.4 214.4 104.9 109.5 0.0 214.4
104.3 104.3 104.3 104.3 104.3 104.3

104.3 104.3 104.3 104.3 104.3 1043

104.3 104.3 104.3 104.3 104.3 104.3

104.3 104.3 104.3 104.3 104.3 104.3

104.3 104.3 0.0 104.3 104.3

104.3 104.3 104.3 104.3 0.0

0.0 104.3 104.3 104.3 1043

0.0 0.0
0.0 312.8 312.8 625.5 312.8 0.0 312.8 625.5 312.8 312.8 0.0 625.5
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2N i Ul Jlaa) e e Jlia

System A

320 IT Cabinets —
(Low (<5kW): 30% (90 racks)

Data Hall IT Load kw 2385.0 * Medium (5-10 kW): 15% (45 racks)
« High: (10-15 kW): 51-52% (153-156 racks)
IT Load (UPS Backed) « Ultra-high: (15-25 kW): 3-4% (9-12 racks
Data Hall Space M2 1000.0 Fully occupied
IT Load Density WIM2 2385.0 IT Load Density = Total IT Load / Total White Space Required
Total UPS Output Load kw 2385.0 UPS output load shall meet the maximum Data Hall Total IT load
UPS Charging Current (10%) W 2385 Worst case scenario considered given this is 10 percent of UPS at maximum fail ovel
load, not 50 per cent load
IT UPS Load
UPS Losses (6%) kW 143.1 Design option not to apply charging whilst on generator not considered
IT UPS Input Load kW 2766.6 Load from UPS input side considering UPS Loosed and Charging Current
IT CRAH-DB-1A-1X kw 33.6 No diversity factor applied at this level.
IT CRAH-DB-1A-2X kW 33.6 No diversity factor applied at this level.
IT CRAH-DB-2A-1X kw 33.6 No diversity factor applied at this level.
IT CRAH-DB-2A-2X kw 33.6 No diversity factor applied at this level.
CRAH 1-PM-1A-1X kW 51 No diversity factor applied at this level.
Critical Mech & Aux Load (UPS CRAH 2-PM-1A-1X kW 3.2 No diversity factor applied at this level.
Backed) CRAH 3-PM-1A-1X kW 3.2 No diversity factor applied at this level.
CRAH 1-PM-2A-1X kw 3.2 No diversity factor applied at this level.
CRAH 2-PM-2A-1X kW 3.2 No diversity factor applied at this level.
CRAH 3-PM-2A-1X kW 3.2 No diversity factor applied at this level.
CRAH-MMR-A kw 51 No diversity factor applied at this level.
Total Critical Mech & Aux Load kw 160.6 No diversity factor applied at this level.
Total UPS Output Load kW 160.6 Figure cross referenced with MCC and DB schedules
UPS Charging Current (10%) KW 16.1 Ygggstnzatlsseosc;ncaélri lcg;(jsmered given this is 10 percent of UPS at maximum fail ove
Mech & Aux UPS Load : p
UPS Losses (6%) kw 9.6 Design option not to apply charging whilst on generator not considered
Mech & Aux UPS Input Load kw 186.3 Load from UPS input side considering UPS Loosed and Charging Current
Chillers kw 1440.0 3 Chiller is required and (1) standby
MCC FP -2X kw 54.3 No diversity factor applied at this level.
DCS-1A-1X kW 69.0 No diversity factor applied at this level.
DCS-1A-2X kW 69.0 No diversity factor applied at this level.
General Mech & Aux System . 5 . .
Load (Gen Backed) DCS-1A-3X kw 69.0 No diversity factor applied at this level.
DCS-2A-1X kw 69.0 No diversity factor applied at this level.
DCS-2A-2X kW 69.0 No diversity factor applied at this level.
DCS-2A-3X kW 69.0 No diversity factor applied at this level.
SSDB-1A-X kw 12.7 No diversity factor applied at this level.

(277)



SSDB-2A-X kw 12.7 No diversity factor applied at this level.
GPLDB-1A kw 12.7 No diversity factor applied at this level.
GPLDB-2A kw 12.7 No diversity factor applied at this level.
MVDB-A kW 11.0 No diversity factor applied at this level.
GEN 1A -DB kw 9.0 No diversity factor applied at this level.
GEN 2A -DB kw 9.0 No diversity factor applied at this level.
FUEL-1-DB-X kw 3.2 No diversity factor applied at this level.
Total General Mech & Aux System Load kW 1991.4

kw 4944.3
Total Data Centre Load
kVA 5204.5 | Assume P.F=0.95
kw 5438.7
Allowance for overall distribution losses [1%)]
kVA 5725.0
kw 5438.7 | Please refer to LV generator specification for sizing.
Required Generator (N)
kVA 5725.0
kw 5438.7 | Please refer to transformer specification for sizing.
Required Transformer (N)
kVA 5725.0
R . d U | C . N kw 5982.6 | Rating with considering of 1% Tx losses.
equire tilit apacit
q y Capacity (N) o 6297 4
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System B

320 IT Cabinets —
(Low (<5kW): 30% (90 racks)
Data Hall IT Load kw 2385.0 * Medium (5-10 kW): 15% (45 racks)
« High: (10-15 kW): 51-52% (153-156 racks)
Load (UPS Backed) « Ultra-high: (15-25 kW): 3-4% (9-12 racks
Data Hall Space M2 1000.0 Fully occupied
IT Load Density WIM2 2385.0 IT Load Density = Total IT Load / Total White Space Required
Total UPS Output Load kw 2385.0 UPS output load shall meet the maximum Data Hall Total IT load
UPS Charging Current (10%) KW 238.5 Worst case scenario considered given this is 10 percent of UPS at maximum fai
over load, not 50 per cent load
IT UPS Load
UPS Losses (6%) kw 143.1 Design option not to apply charging whilst on generator not considered
IT UPS Input Load kw 2766.6 Load from UPS input side considering UPS Loosed and Charging Current
IT CRAH-DB-1B-1X kW 33.6 No diversity factor applied at this level.
IT CRAH-DB-1B-2X kW 33.6 No diversity factor applied at this level.
IT CRAH-DB-2B-1X kW 33.6 No diversity factor applied at this level.
IT CRAH-DB-2B-2X kw 33.6 No diversity factor applied at this level.
CRAH 1-PM-1B-1X kw 3.2 No diversity factor applied at this level.
CRAH 2-PM-1B-1X kW 3.2 No diversity factor applied at this level.
Critical Mech & Aux Load (UPS Backeq
CRAH 3-PM-1B-1X kW 3.2 No diversity factor applied at this level.
CRAH 1-PM-2B-1X kw 3.2 No diversity factor applied at this level.
CRAH 2-PM-2B-1X kw 3.2 No diversity factor applied at this level.
CRAH 3-PM-2B-1X kW 3.2 No diversity factor applied at this level.
CRAH-MMR-B kW 51 No diversity factor applied at this level.
Total Critical Mech & Aux Load kw 158.7 No diversity factor applied at this level.
Total UPS Output Load kw 158.7 Figure cross referenced with MCC and DB schedules
UPS Charging Current (10%) KW 15.9 z\\llzrrsltogzsizfggapneori(;rr\]fllcclgr;d given this is 10 percent of UPS at maximum faij
Mech & Aux UPS Load -
UPS Losses (6%) kw 9.5 Design option not to apply charging whilst on generator not considered
Mech & Aux UPS Input Load kw 184.1 Load from UPS input side considering UPS Loosed and Charging Current
Chillers kw 1440.0 3 Chiller is required and (1) standby
DCS-1B-1X kw 69.0 No diversity factor applied at this level.
DCS-1B-2X kw 69.0 No diversity factor applied at this level.
DCS-1B-3X kw 69.0 No diversity factor applied at this level.
DCS-2B-1X kw 69.0 No diversity factor applied at this level.
General Mech & Aux System Load (Gen DCS-2B-2X kw 69.0 No diversity factor applied at this level.
Backed)
DCS-2B-3X kw 69.0 No diversity factor applied at this level.
SSDB-1B-X kw 12.7 No diversity factor applied at this level.
SSDB-2B-X kw 12.7 No diversity factor applied at this level.
GPLDB-1B kw 12.7 No diversity factor applied at this level.
GPLDB-2B kw 12.7 No diversity factor applied at this level.
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MVDB-B kw 11.0 No diversity factor applied at this level.

GEN 1B -DB kw 9.0 No diversity factor applied at this level.

GEN 2B-DB kw 9.0 No diversity factor applied at this level.

FUEL-1-DB-X kw 3.2 No diversity factor applied at this level.

Total General Mech & Aux System Load kw 1937.1
kw 4887.8

Total Data Centre Load
kVA 5145.0 | Assume P.F =0.95
kw 5376.5
Allowance for overall distribution losses [1%]
kVA 5659.5
kw 5376.5 | Please refer to LV generator specification for sizing.
Required Generator (N)
kVA 5659.5
kw 5376.5 | Please refer to transformer specification for sizing.
Required Transformer (N)
kVA 5659.5
R . d U i C i N kw 5914.2 | Rating with considering of 1% Tx losses.
equire tilit apacit
q y Capacity (N) o ey
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(9.6-2.4)/0.6=12.

Ge 158 12210 o 23 Y Alas e dna g (ap Call 3 A Gl G SE G ang clld g
Canl a8 Y1 038, Apa HV1 B ol sell @58 Ay 5l ailiadll ) il s e o sel) CanSiBas
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» Ramps and columns.

» UPS and AGPT systems.

» cross-country premises.

» Main switchboard of the data center.
» Refrigeration center

At )l lial) a1 UPS @8 sl 4 sllaall dalisall Jaai ey il <) paill 18 g ¢y gl 4a g e
Jie dalge e cilanadl 8BS i o €y el ) AiLeaYU st Ball cileld dalue (e 9620 )
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Ptota = number of racks x rack power + UPS loss + consumption of the air conditioning system + consumption of
other systems.

Al o2a 8 Legia Sl LS 6 358 1) 30 Ll o = il

» IT equipment consumption = 30x6 = 180 kW

» UPS losses =180 x 0.08 = 14.4 kW

» Total UPS Consumption + Racks =180 + 14.4 = 194.4 kW

» Freon air conditioning system consumption = 194.4x0.35 = 68.04 kW
» Consumption of other systems 194.4 x 0.05=9.72 kW

» Total data center consumption =194.4 + 68.04 + 9.72 =272 kW.

188 g Lgslsa ally g (PK) &) 9¢) cinaSi aUai1 3y 5l 3308 laa) oalagl g 51 ggd) CinaSi allai 5 )08 4y
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r3

Pk = (IT equipment consumption + UPS loss) x1.1, where 1.1 —this is a reserve.
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20-25 2000x 1000 X900
26-33 2000x 1400 X900
35-48 2000x1800%900
50-65 2000% 2100 %900
70-90 2000%2500% 900
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P UPS (kVA) = Number of Racks xRack Power (kW) / cos(f).

The value of cos(f) is chosen to be equal to 0.9.

Aauall W g ) Al ga 338 Gla Ay

Pd gs (kVA) = Pups (kVA)x1.4 + air conditioner consumption (kW) / 0.7.

In this case, 0.7 is the typical value of cos(f) Air conditioners.
(i NALY) £ g piad e j) 93 ananalil)

35y pena die Cilias 8 L 5 ¢ pia gl b 5 ine (ol Aaline o a5 i g 2l 13g]
Lem s Lo 5] 3 2l dle i) (as s el aay AT il

¢ ™

Power and size of a
single rack

|

¢ ™

MNumber and size of

| racks |
Y A

Power of all racks Server room area

A
Power of the air
conditioning system
' ™y |
» UPS power Area of engineering
- P subsystems
e A

' l N
Total capacity of all
systems
e -~
' l N
Power DGS
. A
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Data center (Tier Ill)
Parameter Unit Value
Power 1 rack kW 10
Sizes 1 rack mm 800x1000
Number of racks 40
Raised floor tile mm 600x600
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Uninterruptible power supply 4akiia yal) 48Ual) cilas g -:Y

u\S\J\ &%\ujdz\ﬁubalg}jeﬁyu@ﬂ\é‘)jﬂ\wc%ﬁmﬁ\ﬁu\h Gl 2ie

PU=PSr+0.9

a5 56aY 5508l Jelaa 8 0.9 5 « UPSlas gl ddlaay) &Ll & PU Cus

s =h WSl sarin 1A ¢ UPS Gk oo Wayl claSall Qi iy ¢ g pdall 18 8 oS

PU(c)=PSr+0.9 + PCs(p) + 0.7

tel 5ol laSal 5 08l Jdle 98 0.7 Cas
e Al sl ay pall Gl clas 558 s PCS(p)
codkel Jghaall e aiill aaa s PCs(p) o) Lile (J5Y1 aliall 8

38 Lon ) sas 5l Meal) i) dlas il 5518 7.8 5,508 = 5) e gl Alalall sas 5l Apuailly
LDl 5 sLS

PCs(p)=(7.8 kWx4)x4+38 kW x4
Result: PCs(p)=276.8 kW

UPS.A 4 slhaall d8all Clusa 8 el Sy o

PU(c)=400 kW +0.9+276.8 kW+0.7
Result: PU(c)=839.4 kVA

Opand ) G Jaal) a5 8 aiansd ¢aliiinn el yeS Jhad e (g gingn bl 38 5 of Lag

PA=PB=PU(c)*2.

PA=PB=839.4 kVA+2
Result: PA=PB=419.7 kVA
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Table 5. Technical parameters of Uniblock UBR 500
Uniblock UBR 500

Output
Rated power 500 kVA
Rated active power 400 kKW
Rated current T22 A
Rated voltage 400 /231 V + 5% (adjustable)
Rated frequency 50Hz (+ 0.1% static self-

controlled / + 1% on mains / +

1% dynamic

Power factor 0.8
Efficiency Up to 96%
Input

Rated voltage 400/231V

Rated frequency 50 Hz £ 5%

Current distortion 3%

Cos ¢ mains 1 0.84 ind.

Cos ¢ mains 2 0.95-1
General data

Width 2740 mm

Depth 985 mm

GAlia () Ko clld aa g, aa) 5 JAaal A 48 2l Jaal giall Jurldll Glaa 32a) s UPS 82 5l (S el
Jon i o3 13) Gy a5 4l lad e %50 - 40 (e SSLUPS desd iy Y. g sl BUPS
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UPS-1A, UPS-2A and UPS-3A power-line A.

UPS-1B, UPS-2B and UPS-3B power-line B.

(A) - Active; (R) - Reserve.

=
Fuel Tank | &
o
DGS-1 DGS-2 % DGS-3
A A R
o 2065
~
UPS-1A UPS-2A lﬂ, UPS-3A
(A) (A) (R)
2740
(=
I~
3
UPS-1B UPS-28 00 UPS-3B
(A) (A) — (R)
(5 | . i)
11227.98
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¢ UPSdas 4bad axe ) callaiall 13 a0 2 M) 1.2 e 25l ¢35 coefficient (multiplier)
(ol & jae Jaan el 5 08 Aaglia s o (S g3

LeSleiony ) Adlany) 28Ul Jasd 3255 o (S V. 52 38 Laa DL 1385 ST DGS 858 s (el
alaain graty ¢ e V) A el 38T aas 138 ek O )Y e « DGSB s ae Lesbui s Ll S e

A ol

PDGS(c)= PU(c)x1.4+PCs(p)+0,7

PDGS(c) is the calculated power of the DGS.

1.4 is the matching coefficient.

Glbia (A daills e ¥ & AUl LeSOgin) 341 a4 s UPS e o) sl clis€a Jinndi oy I3 a g
Loall s 5 N (UPS

PDGS(c)=PU(c)*x1.4

PDGS(c)=839.4 kVA*1.4
Result: PDGS(c)=1175.16 kVA

DGS AD-800-T400 Perkins 48,3 e JLidY)

a5y JaiiDGS2 s DGS-1 il clegia JSI juwal il sd 1S 1000 308 DGS 43306 @llia () S
il DGS J idleay) B e Jeass, LLASIDGS-3

PDGS(t)=1000 kVAx2

Result: PDGS(t)= 2000 kVA
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DGS AD-800-T400

Main characteristic

Main power

800 kW /1000 kVA

Reserve capacity

880 kW /1100 kVA

Type of current AC, 3 - phase
Rated frequency 50 Hz
Rated voltage 400 V
Rated current 1440 A
Power factor, cos ¢ 0.8
Pacxop Tonnuvea

At 100% power 204.9 I/h
At 75% power 154.4 I/h
At 50% power 105.8 I'h
Autonomous operation from the built-in fuel tank, | 2.6 h
at 75% power
Fuel efficiency — the cost of diesel fuel for 257.3 1
generation of 1000 kWh of electrical energy

3anpaBoYHble eMKOCTH
Fuel tank 400 |
Cooling system 143 |
Lubrication system 153 |
Rechargeable batteries 2 x 250 Ah

OTKpbITOE UcnonHeHne O3C

Size, LxW x H

5300 x 2065 x 2165 mm

Weight

8500 Kg
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ADGS 5 UPS el il daluudl

STr=11.22mx11.77m

Al 36 2l dals ASTT i

Result: STr=132.14m

allay 138 5, Aol 12 aad clibd) 3€ 5l vl Jordil) e DGS dailad ol cany ¢ []1s sl G
Uy cant o g ) o Al sliie
Ao sthaall e 3l 3yl Ly jun g 750 A sen die DGS D 5 58 5l @il Jaw gie 34 oy el

VFT=105x I/h x3x12 h

Result: VFT=37801

83 93 ga Ay glall () Sius 2350 X 1800 x 2380 :Axud) eyl &l ;i 5000 O 3ad) daw JLid) o
15 sttt Alinall Aalisall, i )Y caas

Result: SFT=4.28 m
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Figure 8. Single-lime diagrm

Legend:

e A (blue), B (red) - main power-line inputs

e DGS (green) - Diesel Generator Set

e ATS - Automatic Transfer Switch

e UPS - Uninterruptible Power Supply

e UPSP - Uninterruptible Power Supply Panel
e ACP - Air Cooling Panel

e AC - Air Conditioner

e PDP - Power Distribution Panel

e ASP - Automatic Switch Panel
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power density/rack is in the range: 4-6 or 5-9 kW/rack for servers and storage
devices, and 1-4 kW/rack for network devices

BIall S0 e e el Joaedi Wl oy G Al Alle ddhaie 8 DC S 5 1 s (05Ss o (i yidall (e

Sl Jgaall 8 maga 4 LS

Data Hall area: 300 m2
20 floor in a building of 6 floors, floor dimension (H x L x D) to be used: 6 x 30 x 15 m
Data center IT capacity:~500 kW, adaptable from 300 kW to 500 kW

About 100 Racks: Server, Storage and Network IT equipment
(Network Racks attribution: 20%)

Target availability: Tier-3 (Uptime Institute Tier rating guideline)
Redundancy design for increased availability and concurrent maintenance

Target annualized PUE at 100% load: 1.6

Regional voltage and frequency: 22/0.4 kV, 50Hz

Integrated room-based air distribution (CRAC, air-cooled)
Cooling system: precision air-conditioner with variable-speed compressors to increase efficiency.

Raised floor heigh of 750 mm to create enough open space under-floor tiles to help cold airflow travel to the
Rack in the data hall; is also the space containing the power lines.
Perforated tiles have 25% - 35% open.

ITba glaall L of 3S3 da o) Jlaaly) il

No Item Data Required —— : Remark
calculation
Critical Load - IT power consumption (kW)
Average power Power Average power density
1 Server and Storage Rack densi gf P K requirement based on best practice
ensity/rac (kW) design for small DC
1.1 60 x Server Rack 5 kWrirack 300 Actual load
1.2 | 20x Server Rack 7 kW/rack 140 Redundance design for
scalable IT capacity
3 | 16 x Network Rack 3 kW/rack 48 Planning for 02 network
rack-rows
4 Total critical IT load (kW) 488 in IT Space-data Hall
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(sl e Y pall s Gyl 5 ATS pan 23ni 63 UPS (0 AL o Mlas] 5 sbos i

JS s siall de 5 cia S (8 cagd )l dae A e Cla glaall Lin 1 iS5 A8 j 0 oSS AT o5 @
e bl L 51555 2 (B 2

L 5535 8 gal st vie ail Baadls 0.95 Ge el pealall gl (3 5 0l dalae el o
¢ (KW)adaiall dal) Cun (e (RS2l ¢ A aalall) Slea JS A (e 3l cang il sladll
(amps) JLill a8V asll 5 ¢ (KVAr)dde i) 28Ul

6,16 o M Jsoall 3 i Ball Ay llaal) o slaall Ln gl 35 8l Man) (e o o
AT AN Gl anatie L A i) Lianat

i B G gy 5 (e b e shae le J pumall IS JSEN il o

i) Jlaal
No | ltem Data Required Caleulation Subtotal (kW) | Remark
I | Heat load Consumption - Cooling device selection for 96 IT racks
| | Heatload by ITrack | Rating of each IT device | 1Y C1ocmty §1 | aggo | Reerredio
- consumplion Table 3
PDU PDU nominal power .
2 | (Power Distribution | rating - Power system {_0'_02 Po?-'cr #2 9.76
i : system rating)
Unit) rating
. *
4 | Lighting heat load Total floor area - DC floor | (0.0215*data hall 43 568
area (m2) floor area)
f ¥
6 | Operators Numl_:rtr t_prcnplc (100/1000* max 44 050
working in the room Personnel)
Total cooling capacity requirement WI+a2+#3+84) | #5 249418
Cooling capacity selection:
005 x CRACs in operation and 01 x CRAC in stand-by (N+1 redundancy).
Required cooling capacity as referenced as sensible capacity: 100 kW/unit,
Extreme outdoor climate design conditions are often used to select the sensible cooling delivered by the
CRAC units. In Hoa Lac, the extreme outdoor temperature can be referred as 41.1°C maximum in 2021 (for a
statistic of 20-year retum period values of extreme temperature) [ASHRAE (2021)].
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No | Item Data Required Caleulation Sub-total (kW) Remark
I | Power Requirement - IT Critical load in Data Center (KW)
Critical load- sizing | Rating of each IT Based on average , ]
1 (IT load) device power density/rack #l 48.00 With 96 IT racks
Assumption:
Peak power draw | Total steady state e
2|k o Vit cosial o e (1) 21105 #2 | sip4p | redundancy ;’f %
critical loads draw OVerTaHng jor
safety factor
Powe reservation
_ . Jor Battery
3 :ansb:l::ﬁmnw Actual Load + Future | (#1+#2+#3) §3 13935 charging: 20% of
oty v Loads (in kW) *.25 | UPS rating
eing UPS efficiency at
> 03%
- About 50% total
Total power to support electrical .
demands (#2+#3+44) #4 651.75 D{T:pw?r
consumption
Il | Power Requirement - Cooling (KW)
| | | Cooling in Data
Total power to Two major load
| |Supportclocial ) ol fom #dand | 4 ) #6 | LITRIS | sections: IT loads
ad:m:nDZsmE ahove cooling loads
Offices; Control Assumption about
2 | Other loads System; Lighting 12% of DC power #7 156.42 DC area:600 m2
System consumption
IV | Size of Electrical Service Estimate (kW or kVA)
Requirements to Typically use the
| | mectoveraurent | A TMECED T gneiag | s | 166196 | 125% muliplie
oceurrence safety factor)
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Utility B

22/0.4 kV 22/0.4 kV @
ATS-B
(2000 KVA)

Utility A

ATS-A
(2000 kKVA)

Main Bus - A
2500A, 400V

ACDB-A ACDB-B
S00A, 400V 800A, 400V

L

External Bypass

ssedig (ewiayxyg

Others CRJ".CS UPS {N‘I'l}
T 500 kvA

10 i hasckup
1000A, 400\
0
RACKs
(488 kW) 96 poles |
Active path Redundancy path

Fig.a) Topology with 2N redundancy
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Utility A Utility B

Standby generator power plant
N+1

- 000

ATS -A
(2000 kVA)

22/0.4 kV

ATS-B
(2000 KVA)

Main Bus - A
25004, 400V

ACDB-A ACDB-B
BO0A, 400V B00A, 400V

External Bypass

ssediyg euaaixy

UPS (N)

UPS-B OUTPUT
1000A, 400

RACKs @ PDU-2
(488 kw) § b6 poles .
Sttt Redundancy path

Fig.b) Fault-tolerant architecture
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Figure 1. System plus system 0.5 MW IT load data center power distribution

Utility feed A

[T

el

Gen A

Main distribution board A

Gen B

Utility feed B

AA

Main distribution board B

500 kW 30 kWA 80 kw Non critical 80 kw 30 kWA 500 kW
UPS A UPS A UPS A o UPSB UPSB UPSB
Secondary  Criticalload  Mechanical Chillers Mechanical  Criticalload  Secondary
distribution  distribution  distribution N+1 distribution  distribution  distribution
board A board A board A board B board B board B

I— CRAH N+1 g

RPP A 3x RPP B 3x

Other critical
‘ load N+1 ‘

IT Load

(*) Detailed single line diagram of power distribution can downloaded separately

(305)



Table 1. Data center maximum load breakdown

R

') = 3 o c =

i og: .23 s 2 Z
w s == E-E 5 ® 3 c
2 5§85 st % 3 3 5 3
& -+ £t & £ ¥ o o v 2
7 E EL % 3 E T 08 3 s

o o
et z zew ad o o P@ S =
Computer 63 T yes  yes IT load Single phase 441
room
(servers)
Building 2 0.5 yes  yes N+l IT load Three phase 0.5
automation
system
CRAH () 15 no yes N+1  Mechanical Three phase 75
load
Chillers 3 100 no no N+l  Mechanical Three phase 200
load

Fire 3 5 yes yes N+l  Critical Three phase 10
extinguishi
ng pumps
Intrusien 2 0.5 yes  yes N+1  Critical Three phase 0.5
alarm
control
Excess 2 0.5 yes  yes N+l  Critical Three phase 0.5
control
Fire T 0.5 yes  yes N+1  Critical Three phase 6.5
detection
Other 2 1 Yes  Yes N+l  Critical Three phase 1
critical
loads
Service 11 2.5 no no N+l  MNon-critical Three phase 25
Total load 760
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Table 2. Maximum IT load breakdown

RPDU load

Number of RPDUs supplied by one RPP

RPP load
Number of RPP units (M)

Total Number of RPP units (2N)

Total Supplied Units (RPDU) (2N)

7 kwW/RPDU
21 units/RPP
147 kW/RPP
3 Units
& Units
126 Units

Figure 2. Servers inside rack, with dual imnput

feed
From RPP side A

Rack
PDLU

RACK

Server 1

Server 2

Server 3

-

Figure 3. Distribution: RPPs => RPDUs => servers

RPP A RPP A RPP A

21
RPDU A

21
RPDU A

21
RPDU A

SY3AY3S

IT Load
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From RPP side B
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RPP B RPP B

21
RPDU B
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RPDU B

21
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RPDU B
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MV Data Center One Line Diagram

rEw
PHASE [ DEMAND LOAD = 104 W

PIASE L DEMAND LOWD: = 104 W

HOUSE LOAD CEMARD = 1.0 W

COLECTREDEMAD
LCAD FOR PYASED & &+ I G W —l

PG TR

r | IV5G - NORMAL DPERATION
- - BREAKER . ; .
" <TaTUS B0l | CBI | OB
= X MSG-01 CLOSED |OPEN  |CLOSED
My5E-02 CLOSED |OPEN  |CLOSED
—— i MVSG-03 CLOSED |CLOSED |OFEN
MV5ED4 CLOSED |CLOSED QPN

MVSE-05 CLOSED |OPEN  |CLOSED
MVSE-06 CLOSED |OPEN | CLOSED
MVSG-07 CLOSED |CLOSED |DFEN
MVSG08 CLOSED |CLOSED | OPEN
MVSE-09 CLOSED |OPEN  |CLOSED
MVSE10 CLOSED |OPEN  |CLOSED
MV5E-11 CLOSED |CLOSED |OFEN
MVS612 CLOSED |CLOSED |OFEN
MVSG-HL  [CLOSED |CLOSED |N/A
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One-Line Diagram - OLVI (Edit Mode)
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One-Line Diagram - OLVI (Short-Circuit Analysis)
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Eg
waio! 1201
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, waige e . )
T ) gy wmal) @iy @kl i sl
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#o.063 40,063
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LV SWITCHBOARD LIST

ltem LV Switchboard Reference P""(":’us";‘;"“ Fault Level (kA) Rating (A) Supplied By Load in kW Remark

1 LSIAIF/ A 50kA 4000A Mains and Generator 1697.2

2 LUAF A S0kA 1600A upPs 7504

3 LUIAIFI2 A S0kA 400A upPs 1558

. csam ; o swo0n -~ B 1 e e ot ok Tea

5 LSIAGI2 A 50KA 4000A G S:;;ﬂ;k: 3‘:9;?1:‘18‘::7(5%@ Panel. No need to be

& LSIAGI3 A S0KA 1600A uPS ;:;Sd#:?;shs:ﬂuLﬁ[mg Panel. No need to be

7 LSIAGIe A 50kA 200A uPs gﬂ:;:el;f;s‘:;:::a?::f Testing Panel. No need fo be

8 LSBIF/ B S0kA 40004 Mains and Generator 1710.7

9 LUBFM B S0kA 1600A upPs 1502

10 LUBIF/2 B 50kA 400A uprs 168.3

" sse s na won P— St Sonort S Lo Sk Teirg
12 LSBIG2 B 50KA 4000A Generator S:L’;;";“‘I’r: ‘“;;‘;”h;‘r:_”"‘”g Panel Ko need 1o be
13 LSBIGI B S0KA 16004, uPS In'[eg:esdli_:?::i:::uléthg Panel. No need to be

12 LSBIGM B 50KA 400A UPS V;ﬂ:;;!elélzs‘s;::hﬂijzf Testing Panel. No need to be
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Tier | Tier 1l Tier I Tier IV

Number of delivery paths Only 1 Only 1 1 active 2 active
1 passive

Redundant components N N +1 N +1 2ZN+1)orS+8
Utility voltage 208, 480 208, 480 12-15kV 12-15kV
Annual IT downtime due 28.8 hours 22.0 hours 1.6 hours 0.4 hours
to site
Site availability 99.671% 99.749% 99.982% 99.995%

© The Uptime Institute

“I GEN

M
Main switchgear 4‘
| L
UPS Switchgear

N
|

LV switchgear

FDU

IT equipment
(critical load)

Mechanical load
{cooling)
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Tier Il design (N+1) A& (5 siwall

tility feed
T GEN GEN
N +1
T |
Main switchgear —— GEN switchgear

I | |
UPS UPS witchaes
N 1 Switchgear

I | I
Mechanical load

LV switchgear . ;
[cooling)

FDOU

IT equipment
(eritical lnad)

Gensetﬁ,}d‘
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Uninterruptible power suppliesdahiia & 48Ua &ia)aq)
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Active Utility feed Utility feed Passive
I GEN GEN I
A [T
| |
Main switchgear —— GEN switchgear —— GEN switchgear —— Main switchgear
U;S L.l:'—;S L Switchgear Switchgear J
LV switchgear L Mechanical load J LV switchgear
| (cooling) |
FDU FDU
| IT equipment I

(eritical load)
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Active Utility feed Utility feed Passive
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| |
Main switchgear —— GEN switchgear — GEN switchgear — Main switchgear
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| (cooling) |
PDU POU
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(e sheall L sl 5385 Cilamal a5 Jseial Akl 5 o1 s Y1 Jaail) lladadin aai callaill 5ayf Jiall
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Utility feed A Utility feed B
T GEN GEN GEN GEMN I
ks M +1 ] +1
LA AR LA A
| | I | | |
Main switchgear —— GEN switchgear —— GEN switchgear — Main switchgear
| | | | I |
UPS UPsS ; ; UPS UPS
N A Switchgear ——  Switchgear N e
| | I |
L\ switchgear Mechanical load LV switchgear
| (cooling) |
PDU PDU
A B
| [T equipment |
(critical load)
Standby UPS
Bypass — common bypass configuration - Nomnal oparation
% Charger A . Output to
a ] T~ critical
. - load
2 "
=
— /\/ Mechanical
switch
I ‘ I Inverter

Battery
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Buck/boost transfarmer - Normal operation
Bypass |
> o, S
j§
ﬁ L
Qutput to
a .Charger Inverter XH CI'iL:Ztigal
p /\} — load
/\j Mechanical or
— e static switch
Battery

=

% | Bypass - split bypass configuration

o

g

n Output to
g Rectifier Inverter S eritical
", = ’/ -
o]
=
— AV Static switch

e

Battery

Parallel redundant (N+1) design with 4 loads vs. distributed redundant “catcher” design
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load — PDU ~|: Sl ]—
URS-2
UPS-3
load — PDU —|: ]—
UPS-4
—@ Utility
URS-5
load — PDU -|: ]—
UPS-6
UPS-7
load — FDU -I: :'—
UPS-8
Parallel redundant (N+1)
UPS — single-corded load
Availability (%) 99,976 (three nines)
Deowntime: (hiyr) 2.08
Fower intermup- 6.95
tions/20 yr
Cost ($) 1.7 million

load - PDU - 8T8 —— UPS1 —
load — PDU - STS UPs-2 —
Utility
Load — PDU - STS UPS-3 -
load — PDU — 8IS —— ypg.g —
Distributed redundant catcher
with STS — single-corded load
Availability (%) 99.976 (three nines)
Daowntime (hfyr) 210
Power interrup- 6.99
tions/20 yr
Cost ($) 1.28 million

4a (N+1) design

4b Distributed redundant “catcher” design

System plus system redundant with no STS vs. system plus system redundant with STS

PDU UPS-1 —
Utility
Load _@D
PDU Ups-2 ——
Dual LUPS -
dual-corded load
Availability (%6) 99.987 (three nines)
Downtime (hyr) 112
Power interrup- 3.73
tions/20 yr
Cost ($) 460,000

PDU - 8T8 _ YPS-1 7
LUitility
Load al),
PDU - 8T8 — ups-z2 _|
Dual UPS with STS -
dual-corded load
Availability (%) 99.99999 (seven nings)
Downtime (h/yr) 0.0005
Power interrup- 0.0017
tions/20 yr
Cost (%) 540,000

Ga System plus system redundant with no STS (2N)

UPS = uninterruptible power supply / PDU = power distribution unit

(328)
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Parallel-redundant UPS system with (n+1) equal to (2+1)

Communication tie

UPS 1 for parallel operation

" | sokvA =]

_ | ups2 @
50 kVA ! kVA
UPS 3 Load

~ | s0kva

TIPDZ_12_012_EN

System-redundant UPS system with (n+1)+(n+1) for two different load configurations A and B

A B
UPS 1 UPS 1
| 50kVA ief—Communicationtie ~ | S0kVA & [ |
= for parallel operation ——————=x;
fues2 i L _lues2 i |
50 KVA i Static 50 KVA ||
o transfer -
_J ups3 v | | switch _lups3 v |
50 kVA ® 50 kVA @
UPS 1 UPS 1
| sokva &[] \ Load | sokva & [] [Load
_|ues2 it | spofs _[oesz L -
SO kVA ! 50 kVA ! !
o Communication tie =g °
_| UPS3 =11 for parallel operation___| UPS3 % | | I
50 kVA 50 kWA E

el 58 el Al e allall aaatl ULl 58 e anal GallS il aae e sladie V) a8 L Wlle
e sheall L 5 35 < gl Aaliall dalisall ana 8 (5 AY) Bpulil) 23 saill Ul 3aa i
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* 4 computer rooms
¢ 40 racks (42 height units) in 4 rows per room

* 15 kW power demand per rack, split between blade servers and slimline
servers as well as network switches

L I L1 | L 7 1T 1 L L1 | L T 1
] OO Oy L) O OO G OO OO (0 (0 [
| 0 OO L) O o1 () OO T EERENEEEEERE

Computer room 1 Computer room 2 Computer room 3 Computer room 4
) OO0 (O () o e (i) O ol COT O [
| (0 00010 ) OO o ) O O T T [

[ T 1 [ T ] T 1 T 1] C T 1 T 1] [T 1 [T 1
== E=
= = | . ==
QQ Cooling plant A I_\E=c- ! S:;i;fs' _— Cooling plant B 9_9]

ESPS A === el centre |1 €222 t ESPS B
G f - fe—
S e

ol pmnnny S pmmmay 2
G L MUMDA MVMD B *~ ﬁ

Transformer A j\_ Transformer B TIP02_12 025 EN

SIS 2 N il dalie sas g JSI A dass i (e 5 gaeS Cojad Aalisall cilillaiie Gl S50
cold and hot aislesdiabull 5 33 Ll &l jaall 10 (N 5 (e dale b i cang a3Y @lldg 20/l
oy JSI 25 1 Al dalise Glaty Lasd o) gl i€ (38 ja g a5l il gl ) dBLaYLy
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—Tier Il (n+1) relative to Tier | (n)
Factor 1.2 (for n =5) to factor 2 (forn=1)
—Tier lll (n+1) relative to Tier Il (n+1)
Factor 1.25
—Tier IV (n+n) relative to Tier I (n)
Factor 2
—Tier IV ((n+1)+(n+1)) relative to Tier | (n)
Factor 2.4 (forn=5)to 4 (forn=1)
DS ae Agial) Al dilaie )i saaS G pad 201 Al dalisd) clilhiial A gail) A3l (e 13

AN daii g (n+1)+(n+1) ). & 2 geaiall [V (5 siall JSaed Aalisadl cilillaic 4ad Caclial ¢(n+1)
white space". sbianll daluall” Ledals Al daloal) (uds diail) 4l Jads
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Total power consumption
PUE =

Power consumption of the ICT components

L1204

B Hard disks [ Ccompresso rs B Transformers

B mMemory chips B Pumps O switchgear

O cPUs 1 Fans @ sSub-distribution
3O PC fans (air conditioning) Systems

B PC power B UPS systems B Lighting. security
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TIB
Bushar A

Generators TIB-A
{1+1) 1,200 kv

Transformers TIE-A
{141) 1,250 kvA

Transformers IT-&
(2+1)1,250 kv

IT
Busbar A

Generators [T-4
(2+1) 1,200 kvA

IT
Bushar B

Generators [T-8
(2+1) 1,200 kVA

Transfarmers [T-B
(2+1) 1,250 kVA

Transformers TIE-8
(1#1) 1,250 kVA

TIB
Bushar B

Generators TIB-B
{141) 1,200 kvA

Lmnms\ \’[ \Lmnsrs LVMD NP LVMD SPS | LyME NP \’[ LVMD SPS qumrs\ \’[ \
Tig-A Tig-h T4 T \ 4 Tie-& Tié-&
LIPSE TIM UPSs IT-8 LUPSs TIB-B
{1+1) 200kVA (241)1,200 kVA {i+1) 200 kVA
D UPS 0 UPS X D UK X
3 TiE-A \ T4 TiE-&
SOHPS fom UFs SDSFS X " 5D NFS 5D RS
Tik-A \ m:ll:;,ﬂ A TIB-§ TiB-&
| fram §PS * ta LIPS
IIB-IB Room 1 TIE-4
P =
A == 14 1 4 141411 1055
St ) BD2 Tie-A
fatc 0|[0][6][®][0][6][6][0][6][6
transfer Changeaver] Rack
switch switch allelelle]® alliclliel|o!
| S
Parth: |- Controller ||~ Chillers bbb bbb hoho b hoBD2 Part:
- Lighting - Control - Pumps T T R ~X Lighting
- General systems -Fang % Rack11...20 - General sockets
sackets - Control - Safety lighting e Rack 21 .30 =~ Kitchen
- Kitchen centre - Fire protection X~ Rack31..40 ~X equipment
equipment | | Access control || equipment T 1
. -Firesafety  []-... LDA I L | b ! LDA
tral
conte A Room 2 8
Room 3
Room 4

TIPOZ_12_026_EN

Pattern of the electric power supply structure for a Tier-IV data center and (n+1)+(n+1) system redundancy
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Heat output

Dat ired Heat output calculati
ata require eat output caiculation subtotal

IT equipment Total IT load power in Watts Same as total IT load power in watts

(0.04 x Power system rating) + (0.05 x Total IT load
power)

UPS with battery Power system rated power in Watts

(0.01 x Power system rating) + (0.02 x Total IT load

Power distribution Power system rated power in Watts power)

Floor area in square feet, or 1.33 x floor area (sq ft)3, or

Lighting Floor area in square meters 14.32 x floor area (sq m)

People Max # of personnel in data center 100 x Max # of personnel

Total Subtotals from above Sum of heat output subtotals

3 ANSI/ASHRAE 90.1-2016 lighting power density for computer rooms

(334)




) e 465) @ e a8 5000 Adabue Gy 38 je aladinl o4 ,@h}de&d sl z) AY) Caa g oy
S Lad 20 (ilh sall (o) a1 Slals 150 e 5 SLS 250 5,5 (e

oo Al il Cuadl adpa el a5 ddand) e 730 () bl S e st o O (il
DS el e glaall L o) 535 Joan  dlea) 580 AN 48 ja Ananll Aall 5 lilall S je aaa 330 )
Zhll Jaa) iy sl sl Jla A& .l 5l 75 5l o 5518 250 (e %30 Al o3a 3 il
(o laall s o 935 Jaa (0 ST 0650 (e s e b il 551 105 bl S sl (gl sl

) ) 3 bl 38 e 8 jealinl) (e Adlinal) £ ) 50U dypill daalall gl o ad seill JEa) 3
Sl JEN b s ) al

Personnel
Pwr Dist 2%
IT Loads

4%
Lighting
10%
upPs
13%
1%

Of diia IR (e Lgapdaad oy 48U a5 555 UPS las ol (5 )1 _all z1 Ay 8 claaluall (f LaaY
3eES ala s (Leiila (10 997100 Aoty Jinill die AUaill IS o alai (4o Lol 0430 Anuiy Jary Uil
Al o 3Ll a5 5 3 jldd) (o) aUaill (g )l il 8 Al Lgilealise (it 5 48U Lokl
eu::.d\ S ‘M' A 4.%9.13;:":

L@Jﬂm}ﬁéﬁg\ﬁj‘)ﬂ\jﬁ\jﬂ‘dhww\ ;}a@dﬁ.«@.ﬂ\'&)‘)ﬂ\ JJLLAAM‘J:\SA:L“ dAlA:\:i
A G 35 1 Gl as Lol lSual Ca e 5 5 ppmall Ll S e e paad) Aas A sl e
Lol Y 1 e il Uad aa gy DU

30 s Jax g HAl (8L 46 i€l shanst) g () paad) <ld 3 Sl i) S0 el il lld g
o) sl S s Al g Lgal) ) g Al 5 il S e ) Al

S e O AY 3l all aliaa Jalad ay ad (i slite 3 san JAks a8 UL 48 e culS 1)
o) sel) o g Ay el 5 A8 (5 Ll Flingu oz JAll (b il i jlaall € jia jad 4y il
saaall JalSI alaill 4 ) sl cltlaiall ) asilia) cang s ) padl Jaall i) aall anis ) (HVAC)
Galaal) anadll

(335)



Jjuﬂgcﬁugﬂ\jSLﬂ‘;§4AA$Lad\Juﬂiﬁ\CJﬁ

Data Center Utility @:@

‘ Medium-voltage switchgear

Electrical
MWLV
Space transformer
r
| Low-voltage switchgear )-(—' LV switchgear
T ] h 4 v .
Panelboard Panelboard
for cooling for lighting | uPS | | UPsS ‘
7 7 v v
: T UPS output UPS output
Coaol Light
ooting | gnTing | switchboard switchboard
|
—»  Cooling
| M h - I h 4 h 4 v
echanica UPS distribution | | UPS distribution
S pace switchboard switchboard SM J
e — —
Panelboard | | Ppou | | pou |
for cooling L i
v
_ _ | [ RrRPP | | RPP |
‘ Cooling Unit |
iRack ¥ """ r Rack y i iRack ¥ T :
IT I rPDU rPDU P | rPDU :
Space Double-corded i | Single-corded |
' IT devices i IT devices :
e e o o I e

MV switchgear and its one-line diagram
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Voltage

Bus section metering Incoming Qutgoing

|
\ N |
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A \

Utility Transformer

(a) Picture of MV switchgear (b) One-line diagram of MV switchgear

(a) MV/LV dry type transformer (b) Dry type transformer with enclosure

Low-voltage switchgear/switchboard / automatic transfer switch (ATS)
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Power Montor Power
Control Control Factor
Center Center Correction

RiiE
\

I

Incoming
feed

A TY‘L"""

lransfurmer‘l UPSs Pump
Generators Cooling units

(a) LV switchgear (b) One-line diagram of LV switchgear

UPS

(a) Galaxy 7000 UPS (b) Symmetra PX modular UPS

One-line diagram of:
(a) UPS input switchboard
(b) UPS output switchboard.

(c) UPS distribution switchboard
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LY UPS Inverter Bypass &
switchboard UPSs outputs  Maintenance

(a) UPS input switchgear  (b) UPS output switchboard (c) Distribution switchboard

Power distribution Units (PDUs) and remote power panels (RPPs)
Traditional PDUs:
(a) fire-wired PDU.
(b) factory-configured PDU

'}

(a) field-wired PDU (b) factory-configured PDU
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Busway

One example of busway with 2N redundancy mounted overhead in IT space

Overhead
power bus _ - el

Panelboard
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Example of rack PDU

Rack PDUs (rPDUs) / outlet strips

Il 380 sal Ay 30 a5l el g o A5t

MV
Switchgear

Parameter

Location

Electrical
Space

Transformers

Electrical
space, IT room

LV
Switchboard

Electrical
Space

Panelboard

Electrical space,
mech space, IT room

PDU/RPPs

ITroom

CB type

Vacuum CB

NJA

Air CB;
MCCBs;

MCCBs;
General CBs

MCCBs;
General CBs

Rated voltage

MV

LV and MV

Lv

Lv

Lv

Power rating

4-50MVA

S50kVA-
S0MVA

100kVA-
6MVA

1.5kVA-75kVA

50kw-
500kw

Equipment cost per kW
of data center capacity

$8-592

$35-%90

$80-5200

$20-540

$100-5400

GUlall 380 pe <l o ciliadal Aay y A5 jl8a

1 [ ]
lNer System
N N B .
Attribute / Statistic Tier I Tier IX Tier IIXI Tier IV
Power and Cooling 1 Active 1 Active 1 Active 1 2 Active
Delivery Paths Passive
Redundant Components ™~ N4 1 N o= 1 2(N + 1)
Support Space to Raised 20% 30% 80 — 2920% 100%%
Floor Ratio
Initial watts / sqft 20 — 30 <40 — 50 40 — GO 50 — 80
Ultimate Watts / sqft 20 - 30 <40 — 50 100 — 150 150+
Raised Floor Height i1z i8” 320 - 26”7 20 - 36”7
Floor Loading Pounds / 85 100 150 150+
sqgft
uUtility vVoltage 208, 480 208, 480 12 — 15 kVv 12 — 15 kW
Months to Implement 3 3 -6 15 — 20 15 - 20
Year First Deployed 1965 1970 1985 1995
Construction $ / sqft $£450 +600 +900 41,100+
Annual IT Downtime Due 28.8 hrs 22.0 hrs 1.6 hrs 0.4 hrs
to Site
Site Availability 99.67% | 99.75% ©9.98% i60.00% | Rlante
rmoran

Sowrce: The Uptime Institute
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Besopasnosth

The complex of security systems (SSS) includes the following systems.

SOTS is a security and alarm alarm system that provides protection of the data center
territory, including all areas of responsibility (Tier I-1V).

ACS is an access control and management system designed to control and authorize the
access of people to areas of responsibility 2 and 3 (Tier lI-1V).

DT is an inspection technique used to control the presence of unauthorized items in people's
possession, to inspect vehicles (Tier 1V).

STN is a television surveillance system designed for round-the-clock visual control of the
territory and premises of the data center (all areas of responsibility) and technological
processes (Tier llI-IV).

ISS is an information security system that provides the highest possible level of protection of
confidential information stored and moved in the computer networks of the data center. The
requirements for it are formulated in accordance with the documents of the FSTEC of Russia.
As arule, it is necessary to have a Tier lll level.

Means of physical protection (protective shells, safes and vaults) are considered in "IKS"
N010'2010 (p. 84) and 112010 (p. 83).

SKPis a leak monitoring system designed to detect abnormal fluid occurrence and
automatically control process water supply valves (Tier II-1V).

SMS - cabinet monitoring system, responsible for monitoring temperature, humidity, air flow
velocity inside cabinets with active equipment (area 11), registering emergency situations
(fire, door opening, etc.) (Tier 1I-1V).

SIS - intercom and selector — provide wire communication between posts and/or technical
rooms, services and the control room on the territory of the data center (Tier IlI-IV).

CDP is a central dispatch post. A hardware and software complex designed to integrate data
center ITIS systems into a single whole in order to optimize the management of all incoming
systems (Tier II-1V).

Protivopojarnasashita

The complex of fire protection systems includes the following components.

SAPS is an automatic fire alarm system that provides fire protection of the data center
territory and material assets (Tier I-1V).
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SCSis a public address system for fire alarm and evacuation control, responsible for
notifying people about fire, emergencies (Tier I-1V).

A water fire extinguishing system is designed for local fire extinguishing and cooling of
building structures in Area 1, with the exception of Areas 4, 6-9, 11 (Tier llI-1V).

SAGP is an automatic gas fire extinguishing system that provides fire protection for rooms in
areas 4, 6-9, 11 (Tier HlI-IV).

SDP is a smoke exhaust and air pressure system that prevents the spread of fire, provides
ventilation of premises and removal of combustion products after fire extinguishing (Tier IlI-
V).

RPE — personal respiratory protective equipment: self-rescuers, insulating gas masks (Tier
H-1V).

PO — manual fire extinguishers (Tier I-1V).

\Servis

The complex of service systems (CSS) consists of the following systems.

SCS is a structured cabling system. It provides the transmission of information via standard
protocols of communication systems, as well as the transmission of telecommunication and
information signals (Tier I-IV).

CASO is an active network equipment system. Organizes information exchange between
various subscribers of the SCS system, including conversion, encryption, packetization,
routing, transmission of digital, voice and video information (Tier llI-1V).

SK — conduit system (trays and boxes). Its purpose is to place, organize, protect and hide
cables, wires and communications of all engineering systems (Tier I-1V).

SF —raised floor system. It is designed to evenly distribute the weight of the equipment over
the area of the data center premises, place communications, supply air conditioning to the
racks with equipment (Tier [I-1V).

Private label is a system of furniture for technological workplaces, which optimizes the use
of space above the workplace, helps to properly organize the workplace (Tier IlI-1V).

CP — Operational Radio Communication System. Provides security personnel with wireless
communication on the territory of the facility with each other and with the CDP (Tier IlI-1V).
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MF is an electrical clock system that displays a single and accurate time and information
within the data center. It is synchronized from accurate time signals via DCF 77 radio
channel, GPS signal from satellite (Tier lll-1V).

CT is a telephone communication system that provides the territory of the data center with
addressable voice (telephony) communication (Tier V).

CCT is a satellite television system. It is needed solely to achieve the total rating of the Tier
IV — Gold data center and does not affect the reliability of the data center.

Electroborudovanie

The complex of electrical equipment systems (CSS) includes the following systems.

SPZ — building protective grounding system (grounding loop); current spread resistance of
no more than 4 Ohms (Tier I-1V).

SMZ - lightning protection system. The data center building must be equipped with lightning
protection devices of category Il with a zone of protection against damage "B" (SO 153-
34.21.122-2003) (Tier I-1V).

SRZ is a system of working protection grounding. A separate second telecommunication
grounding circuit, with a current spreading resistance of no more than 1 Ohm. A third
separate metering circuit (Tier 1l-IV) can be arranged.

SUP is a potential bonding system. Data center premises (Area 2, except for Area 10) are
equipped with a local equipotential bonding device in accordance with Appendix B3 of GOST
R 50571.21-2000 (IEC 60364-5-548-96) (Tier II-1V).

SVE is a dedicated power supply system. It is used to organize power supply for dedicated
premises and includes three components: a non-guaranteed power supply system (ESS), a
guaranteed power supply system (SGE) and a backup power supply system (RE) (Tier ll-IV).

SGE - uninterruptible power supply system (part of the SVE system). It provides electricity
to consumers who are sensitive to power outages (based on UPS and batteries). Battery life
ranges from a few minutes to several hours (Tier II-1V).

SE — backup power supply system (part of the SVE system). It is designed for autonomous
power supply to consumers in case of long-term disturbances in general-purpose networks
(based on an independent machine generator of electricity). Battery life is limited only by fuel
reserves. Required from Tier Il level; for Tier lll and IV levels, it is the main power supply
system.

ESR is an emergency power outage system. Emergency shutdown of the data center by
forced power outage (Tier 1I-1V).
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SOO is the main electric lighting system. Its purpose is artificial round-the-clock lighting of
data center premises (Tier I-1V).

SAO - Emergency Electric Lighting System. Supports artificial lighting of the data center
premises for a specified time in case of failure of all power supply systems - main and backup,
including UPS (Tier I-1V).

Ingenerno-texnicheskiesistems

The complex of engineering and technical systems (CITS) includes the following
components.

SPM-5 is a precision air conditioning (microclimate) system in a data center, designed to
create and automatically regulate air parameters in closed technological rooms when
supplying conditioned air under the raised floor (Tier 1I-1V).

SPM-30is a precision air conditioning (microclimate) system designed to remove heat
inflows of 10-30 kW from one cabinet with active equipment. It is built on the basis of sealed
water-cooled cabinets and a chiller (Tier 1I-IV).

ICSis a ventilation and air conditioning system in the premises of a data center with
permanent workplaces. Organizes air exchange for a given state of the air environment in
rooms and workplaces (Tier I-1V).

ISL is a process water treatment system responsible for the preparation of demineralized
water for steam generators that are part of climate control and air conditioning systems (Tier
1-1V).

SD is a drainage system for condensate removal of precision air conditioning systems,
elimination of the consequences of leaks (Tier II-1V).

CO is a heating system that provides a set air temperature in rooms and workplaces (Tier
V).

VK — water supply and sewerage. Ensure the supply of water to the data center for
technological and own household needs (Tier 1V).

LP — process elevators and lifts. Designed for lifting data center process equipment and other
cargo (Tier llI-1V).

\Sistemnogofunctionalanhsalov

KSMZ is a complex of multifunctional hall systems designed exclusively to achieve the total
rating of the Tier IV — Gold data center. It does not affect the reliability of the data center.
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\Obslugivanieitexnichescapoderjka

KOTP is a complex of support, maintenance and technical support. It includes personnel who
ensure the current operation of the data center, security, workplaces, equipment and tools,
warehouses, parking lots (Tier IlI-I1V).
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