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1. Introduction to Electrical Power Distribution in Buildings

2. Power Distribution Systems
3. AC Fundamentals
4. Power Grids, Preliminary Load Estimates, Basic Metering Scheme
5. Major Components
i. High Tension (Medium Voltage) Switchgear
ii. Transformers
iii. Standby Power Generators
iv. Main Switch Board
v. Control Systems
vi. Fuse, Circuit Breakers, Protective Devices
vii. Earth fault protection
6. Cable Sizing / Voltage Drop
7. Basic Design

8. Regulations

1. Introduction to Electrical Power Distribution in Buildings
32008008 (3802103 32680005333) 00d9 320305 Power Distribution Systems 63, ey §o3 arrangement o3
63200560 arrangement 03 6305¢0 G5goodloud

i. Power Grids Substation

Utility Company 320305 Sub-station Oli HT Switch Gear [98[8: 32805 dlo€en oo High tension Breaker &
208602503 Circuit Control Components o3 [g8[030looudi Equipment ¢og o3 Company o5 006808 6o:dla86 wodi

ii. Consumer Substation

sgeeoocr"}sgs? §8§]8 §| Substation c‘é Consumer Sub-station cféeo'T o0 Ol HT Switch Gear
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[38[8t 22800 Alo€en on High tension 830305 20&e03503 Circuit Breaker § Control Components
60R [98[03dloncdn Gas Insulated & Air Insulated Switchgear 6op oo 3203:qped: 3203¢0 AloCo}
Circuit Breaker o@op SF6 Insulated Circuit Breaker (or) Vacuum Circuit Breaker [g88Edlonobu

A circuit breaker is a safety device enabling switching and protection of electrical distribution networks.

iii. Transformers
8¢ 2%:03 Transformer § o0&0n medium voltage mes 83620 005§ad: Equipment § Electrical Appliance
60R 220305 208603503 voltage §e30¢ step down cpoeL:3dl

Transformers : A device that is used to convert electricity energy from higher a.c voltage to desire consumer
voltage (step down) or vice versa.

iv. Standby Emergency Power Generators

meqeed] 3elgeees oo 82263 Life Safety Systems cop § 8godqE adeq 3aqpeoBd8E0) 0050gd: cog
320305 320§ standby power oz} 220305 030505 006800203 (IagP:Eye) 8aud Standby Power Generator
60006808 G0s00sq Al

Standby Emergency Power Generators : Electricity Generator set driven by prime mover and of sufficient capacity
to supply circuits carrying emergency loads with suitable means for automatic starting of the prime mover on failure
of normal service

v. Main Switchboard (MSB)
Switchboard : An assembly of switchgear with or without instruments, but the term does not apply to groups
of local switches in final circuits.
vi. Emergency Main Switchboard (EMSB)
Utility Network oooaona) 85qodeomad § g€ Standby Back-up Electricity ones 3acdsaeagpad aqieddldl
e[pEieusdEad 0nbs0Comioy Switchboard A 326ag33(03: 902 06O RGOR § 320005 life safety 03 condegpadod
mSooSom:o§ Fire Protection, Smoke control systems, Emergency Lighting $ Emergency evacuation support systems

60R320305 0§elgd c8325Cloodd

Emergency Power : To supply electrical power automatically in the event of failure of the normal supply to
protect equipment essential of safety to life

vii. Building Power Distribution



Transformer 32083308 o 832014028 High Tension (HT) Circuits cog a3esl[§: Transformer 32090503 6o, §3:
£6 LV Circuits cogadesl clondi

Cable / Busducts og 320305 codselopEsgpor Major Equipments 6ogee0305 208600503 G$ep 0qPaon: 2005605 00
@R o3 Project Design Phase ¢0moop5in 6apan p88E: 2005005 conaen [§ddloncdi

II. Electricity (Power) Supply Systems
Electricity (Power) Supply Systems ¢og o3[§¢ [3pdeude3qC 6o qeroneon

A. Power Generation Systems
B. Power Transmission Systems
C. Power Distribution Systems

D. Low-Voltage Systems

Power Plants c3esl o} Electrical Power Generators sa§g§g 0265 06066205 03 0005006 §Edlonudi & Generators
60R 03 Gunt:sCad 320305 prime mover 6oRe3 eqs Sacdad: 3EqiCeoy coypad&ieag salgpiecnéencoy Biogasifier
@op & Nuclear cop (7%3;0@:@[0:3 Steam Turbines cogi Gas Turbines oy 2020 Green Sources Gog|§60r§ Geothermal,
Hydro, Tidal, Wind, Solar, etc. cogonescopds g§8Edlonudi
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6qgPS0050p8 3 82a60loncdn g3plyt ad[§Bode) 325epud nEie0ie0o) § vodofioy€ 3260ld805 ¢ $p5:6003 ey
oncopdic0p53E:00:0:q3 Fag/05eaRAl
(0362 301gC qC:8:{4050 § 0% 03 gOEdEd 00de0y 3305 pu% o Jeaonlq 303051 § 0% OFgS[gjEad =
0305 320%4{gjq0lonudi ceonenedad copducedod § [g[gEad§:ad8: o§odmn copds annual investment cost (02dsden
§C:844044 a¢) § Jo0% caad 03 §ESoLdI
Power Station 0c0&900p568000593 200305 qiéiq) Lead Time oo §) $6600005 c3320loo0dn Sleud Investment Cost

(9:84464e¢) & (Operating Cost) copSucdeg o3 Optimize (so0E32§ 952 320):q)) $E3 320305 Expansion Planning
o3 085060005 [Bjeaenparn so§:odglgigdosud

G. Electrical Power Generation Systems

0. Electric Energy o3 safgps Energy Supply Systems cog o3 8sg:eq 33 030565/03050305 § 3a(0feaoqed o3
60pCoonSE 93ad0m o[gdSElona SlefopE 3§§03E: o codRto} ddl § 23:g 03 Aldl gesod Bdlonud



i. SlefogpE Power Plant 005§eogad o88:q6ewntisC 6503 System Control Engineer cogon od:§ 6503 ddl § ¢

6308 000506883 8dquloncdi Historical Trends 65005 |G §08§ 22038: 83268 Cldl sog00smagp: 06 03 080kt §63 3
©829)05 32038: 00050EE0EE cVpd: B=addloncdi §es0) Generators 6oR3 efficiency Gogedl Gooo0Be Sa00Ee059dk
0 peo[g0sd: 8Ee3NE Generators 0005569 00003 2283209 § CVPSLED PSS ¢Rd: 3830d gadlondd
96520538 0p&lg|om coged e §adcrdgom B8t agudapamndlondd

ii. Minimize generation cost (0005c05g 0§0d eagpg8E3)
iii. Ensure continuity of supply (3280050[gob 3egod8€om coogpeedd))

iv. 008 206fgEaes § 00s ©uP0da) abnormal conditions saegEacs 32§),0905 Generating Units §) operating
constraints sa0:d:3, Transmission Network § Limits og 32038:e0 0§63 copbeadsaddlonddi

H. Power Transmission Systems

0. Transmission Systems Gogadom oo 0odesep 0 0odesep MRSV 056603 03esl ol

i. 3200qe0d 328050 Power Plant §esqE oy Transmission Systems 6og 0033266020008 3260 Esadiedli
3l60d 8c3[gd8ER adomnmn curderR,¢P60; [§68ETY waguddlona powd [§,c00dedIE ¢o Power Plant 6eonoda3e30m oo
Fq2301{g¢ ©20Ce005dlops 3a00:0p0 0:E8E0S S330:3203E: 33{Fma0gILd OB sBomcopd: $o5pInTae
[958 ESlopsu

ii. poed 400V § 0005005[g&[g|EaE 3 to 4 MW 600532633 c00d§s05:0p00 3aqp0¢e005dlonud 32000:0p3 22kV
£s3 200 MW, 66kV 83 780MW, coqpq€ 230kV adxi 5,000 MW cogbaongE 400kV o 20o5gEedl

iii. 3og0dqe g&:3aC (MW) gpscnom § 3¢ S3mdgEucusqE Short-circuit current oo Breakers ¢op § Breaking
Capacity o3 cogpegScon§Com § dz20:03 [gEauiqom [gddlooud

V. 0026205320:038: 6003 elgedli 6lgesnnd dagadaeny §eud elged dagodgom M mSayedad condomom
quS1 008 cpdomioydioy e $00E pO8Eom qubi 03§:3864g[gE o8 cguBonomawd eoy elopE [(46§EQE Over Head
Line c3esl0} omEsmt e205cE: cogad 3aaddgfo30lonudi 00750 €607 280 6lgesn0d mes Jagodom o3
o,’e:é]oooSu

I. Distribution Systems
0. Distribution Systems ogg) 32805 220p6 16O YOESEI0503 Coodom:up! (3BeaxnE concd 6o ©gd) gied
€ c005c8[g§ qo3 0o )k Ol Large, bulk power sources mes ag606e305320: 03 CLadquI 00B[GIERd:S 3320
o) Sammagpqs 5, W598EE050} reliability (0d[308055)qg) §820p 2B:gancoy 8 Feapadlg§eo cugdonud
adi{giecy §o3 Ssaneoy oneony 3.3kV, 6.6kV, 11KV, 22kV & 33kV 603 [g6[o3cloddi
i. 32800 009 c330g05603 meo



Different source to increase reliability

Minimum voltage variation

Minimum supply interruption

Minimum Overall cost consistent with the power quality

Flexible to allow expansion in small increments

J. Low-Voltage Systems
0. LV Systems adooaneo; Distribution Voltage oo 1000 V cood $05:03 3320t 03 a3a0ma{gdoloncdn sagpseai(st |

i. §8¢320305 a:80) 23620 3 3 Frequency 6op 03 6apan§Ea’ 320305 6om0d505 cudlgoodlonwd

Region Type(s) of plug / socket Voltage Frequency
Australia I 230V 50 Hz
Brunei G 240V 50 Hz
China (mainland only) A C, I 220V 50 Hz
Canada A B 120 V 60 Hz
France C,E 230V 50 Hz
Germany C,F 230V 50 Hz
India C,D,M 230V 50 Hz
Indonesia C,F,G 127V 1230V 50 Hz
Japan A B 100 V 50 Hz & 60 Hz
Korea, South ABCF 220V 60 Hz
Malaysia G M 240V 50 Hz
Mozambique C,F,M 220V 50 Hz




Myanmar/Burma C,D,F, G 230V 50 Hz
New Zealand I 230V 50 Hz
Singapore G, M 230V 50 Hz
Thailand A B,C 220V 50 Hz
United Arab Emirates CD,G 220V 50 Hz
United Kingdom G 230V 50 Hz
United States of America | A, B 120V 60 Hz

iii. $E8000m &0 23:§03 Voltage/ frequency 32909320005 c0R § 03:9600 §07 plug / socket 3G[s3200s GOROD 03

Mains power systems 2 c?)[agzcﬁqé]m(ﬁu

iv. AC power plugs § sockets GOR§) S'QGFX)&CY?) C\)pS: AC power plugs and sockets meapmge&m(ﬁll

v. 3200:qp:03 Frequency 6ogeneon; 50Hz / 60 Hz o3 [gddloncdn & Frequency oes 32800000566p05
00O AC Motor 6oRg) copdoodgss: rpm dli AC motor cogg) rpm oo Frequency § 86aon:o) Stator § 250805088
Pole 3266320305 § 200563€0m ali AC motor eoRq| ideal rpm ogecy §o3 formula o [03p56€ co6ImEdlSedl

rpm = (120xF) / P
F: Frequency (Hz), P: no. of Poles

vi. Rpm ofgpzaomnoms, 3a¢) 8 motor oo 65 centeuiqo) fan, pumps, compressors, etc. Gop § Mechanical Power
oncopd: n? (Tube) 000500060 [§6Alonedn 30022090 60HZ § Gg:00n:0) 0odogpdieoy o 50HZ §0%:qC Capacity g&s3:
2[gpde¢n eupoddlopa sacn:00gE HVAC equipments cog & Pumps egegjod o3 Engineering Data 60303 ©ob o 324l
50Hz vz 60HZ CVd: GoOgPOSEEOIE? [§OAloDLdI

vii. 00050 8E¢ ¢ LV Systems 302 on Three-phase, four-wire system [g8[3: between line-to-line 400V §[3:
between line-to-neutral c@0p 230V dli Sloo distribution voltage 008e0p053 32033268008 appliance 3aqp:eg 322603
utilization voltage copSsgdoloncdi

ITI. AC Fundamentals

@. Sin Wave and Root Mean Square Value

0. AC 8302 oo Frequency 00893 2063IE:32505 a[gpEiadaesiloncdi Sinusoidal Voltage 326533l Voltage algpEsom
% 3503 Current oocopSee[gpsdloncdi

i. AC power 6oR 03 030503 228l maximum 3202z q6sq) voltage & current o3sae[gd 93c3clonudi Root mean square value
(rms) c§copds eal Clooedi Sine wave 00694 rms value oo max value § 1/v2 (~ 0.707) eono5§oloncdi
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Vims = Vinax / \/2

Irms = Imax / V2

ii. 5R09gI0503 Fdleneep rms value 03393:dlooudi dlefopé rms edleod rms value o3od:wsieony 93qdlecd

A. Complex Power

0. 652050069 93qw> o AC power Gogan Complex Power [§8e5000033l o9, oo Real Power & Reactive Power
aB[8s 228259 Alloncdi Voltage § Current Wave 6ogon 00600600058 00 32§§0069 ogdesom (Leading or Laging)
[g8e508h

i. Slefo3p& Power Factor ( p.f ) c3eslo} real power §2agjE30 c3esdlgo) Term 0ode 630005605 (0302 [gddloowd

Power Factor ( p.f ) = Real Power / Complex Power = cos ¢

ii. Power factor ( p.f oo 900560090 006 (1) condeemyp§Edlopa 0dqgE 260mE:ed: o8 2005605 Clandd

Real Power, P (watts):

P=VxIxcoso

Reactive Power, Q (vars):

Q=VxIxsino

Complex Power, S (watts):

S=VxI=P+jQ

ii. 8c8[gbe[g: saclopE:qCs aneomy Circuit § Properties cog ad¢n Resistance aooemn Reactance o3 [goeol 6ood
Capacitance eep inductance cogdldlo€ esomefopEdl

iii. Inductance s80mm agBed5c30508 B ey Alola Sseqp: ballast o3 motor, transformer cogad 0oSogpd:
60R o 65[gded o) 0aa0g3dl 2268000533) 03E:a3c8 W Sondogodieoy 03 3adgecy §eaomdsagpiadsE Load ¢
o 88 Inductance dloCaec §[Gs o9.6lo3pE oog2:03 Power Factor (p.f )od 1 § 3§:ads qeaant [g§[g¢ c00? 320305
Capacitor Bank cog copdag&:eoio3om [§8dlonudn a3 Power Factor Correction cp693 320305 Shunt Reactor Bank &
Capacitor Bank ogdlo€ono500cd safepaspdieay copdsclonudi 38 qodeagio Non-Linear Distortion (or) Harmonic o3

[9e00} Rectifier (AC to DC converters) cog [gb03 fluorescent lamp, electric welding machine, or arc furnace oy
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Aloona) 228l 3[G: 0382q 9053lonudi Inverter & VSD (Variable Speed Drive) cog copSs 83adjzmae0: o8 ¢ dloEdloncdi
:2600:805 23gEqCe0o; Power Factor Correction Units eogsaciogpEs o gpeg eapaongEdloncdi

iv. 8c8 Reactance 6oy Glo€ 650005 008 AC 0g05q105¢ Gog o3 Faradays Law (I = V /R § cB05§0d agodgied o
©qe0o20 Resistace: R asep ¢ Impedance: Z o3 3200:03: 2009:{gjq00 [§6dlonodn Impedance (Z) sdom aneoop the ratio
of phasor voltage to phasor current Oli

Z=V/I

Resistor: Z, = R
Capacitor: Zc= 1/ (joC) = jXc

Inductor: Z; = jw L = jX,

Where;
C = capacitance (farads)
L = inductance (henrys)

860010 j 830 aneoxy Complex index [g9o) V-1 Al

vi. Power factor ( p.f ) o» Inductive Circuit ¢>adq€ Lagging (current lags the voltage) (g[S Capacitative Circuits
adqCeom; Leading (current leads the voltage) [gddlooudi

B. Design Calculation Formulae

0. Power, P (kW):
Single Phase Load:
P=VxIxp.f
Three Phase Load:

P=v3xVxIxp.f

i. Design Current, I (A):

Single Phase Load:



I=KkW x 1000/ (V x p.f)
Three Phase Load:
I =KW x 1000/ (V3 xV x p.f)
Three Phase Motor :
I = kW x 1000 / (V3 x V x p.f x Eff)
Discharge Lighting :
I = Wattage of Lamp x 1.8 / V
Motor Starting Current:
Manufacturer’s Data 0§ $E0) 226[g306s 60 9508:03 200305
DOL Starter:
Lstarting = 7 X Tfui10aa fOr 10s
Other Starter:

Istarting =4 x Ifu|| load for 15s

i.
iii. Voltage Drop (V)

Varop = [ (rcos @ +xsin @) /1000 ] x I x Length

Iv.

V. Power Grids, Preliminary Load Estimates, Basic Metering Scheme

@. Power Grids

0. 22680005353) G0 GED05CVE0) 208l 2GEEOFk 0F 22705 GO AB2e603 332603 Power 3, Power Quality o3
3280056[§0d q§§E3 Al 8 §Ee30E 206800052288 0805 B M off capanjgsnty cog Ardedlonud

i. Aldlg§eo03 Power Grid / Utility Company §s00503051 c3326q05603 030né[q §es03 Power Grid Infrastructure
603, Aldl 90050305 q§8Ee cog 03 ey Gk cagiegia p38E:g 6oy WSS GeoNNdesed S RS 336003
oo€lg p88E:q cop wOeeEdlonudn 8cd sae0¢ent (:ediEieanntyod ¢ §o 000 3ee053s) 6ancd(Gio) SgSed
32§86 agi60d Aldl gfen [gdAlonudi



ii. 93200056503 §EEERW 206800053235 0O M 680POROBB: 9322608 (qGEd Aldl vaEategC: )0t
Alogan eepliadoq escdoq 02:08 g eal defopé 32§88 Adl g3 oo 3aEem F6eE03: dloocdi

iii. 0006 22680005353) ¢ 93:% Load/ Maximum Demand § Load Characteristics cog 03 0§08t §Clooudi
Voltage o> HT (High Tension) / Medium Voltage coo: LT (Low Tension) coos 9000 83a0:60p §8EcS 9303 329105320005

60R 5300pd: GoEsRedlonud
iv. Gosenon 33902 :[gE 3 03uddqCo3 G0t qod3a0R05 Transformers c8dlonudi
V. 030508280} 830 (pown 336a%33:) 00§:98EQE Transformers ecdo0ad HT Switchgear copds 0336 dlopa
vi. Power Company's §,60:$E03 3za:00 o 6300c3q€o3 Load/ Maximum Demand 6dl¢n copds 90005 0208 6365
A8qi€ 2003 Guzen 6o wLIESAloN Negotiation Goxy 32505 § 3agP: CWS[3S §EJooLSN

viii. 0332603 326800053533 § Maximum demand (Load) edl0oop5[Bs co:8€03 Supply Voltage cog 03 copds 2005
¢05 ey conzenp§dlonud

Malaysia

Low Voltage
i. 240V, 50Hz, Single-phase, two-wire, up to 12 kVA
ii. 415V, 50Hz, Three-phase, four-wire,up to 45 kVA
iii. 415V, 50Hz, Three-phase, four-wire, C.T. metered, up to 1,000 kVA

Medium Voltage & High Voltage
i. 11 kV, 50Hz, Three-phase, three-wire, 1,000 kVA maximum demand and above
ii. 22 kV or 33kV Three-phase, three-wire, 5,000 kVA maximum demand and above

iii. 66kV, 132kV and 275kV, Three-phase, three-wire, exceptionally large load of above 25 MVA

Singapore

230V, 50Hz, Single-phase, two-wire, up to 23 kVA
400V, 50Hz, Three-phase, four-wire, up to 2,000 kVA
22 kV, 50Hz, Three-phase, three-wire, up to 30,000 kVA

66 kV, 50Hz, Three-phase, three-wire, greater than 30,000 kVA






