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« Prime Power (PRP)
« Emergency Standby Power (ESP)
« Limited-Time Running Power (LTP)
« Continuous Power (COP)
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1- Prime Power Generators
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2-Emergency Standby Generators
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3-Limited Time Running Power Generators
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4-Continuous Power Generators
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Generator Set Rating Definitions

APPLICATION

Emergency Standby  Limited Time Prime

~ Power (ESP () (PRP) (C0P)
Load type Vaiabe | Consat | Varable Constant
Annual operating hours 200 500 Unlimited Unlimited
Average load 70% 100% 70% 100%
Overload No No +10% (1 hour in 12) No

Aiternator Rating Definitions

APPLICATION Standby Prime / Continuous
NEMA MG1-32 Standby Continuous
150 8528-3 . Peak Continuous Base Continuous
Allmblﬂmllmdu. 150/ 40 125/40
Duty cycle (IEC 60034-1) 810 or S
Load type Variable or constant
E Pri Conti Dat
) mergency rime - ontinuous ata
Isg;?ﬁ“ Standby Rated ﬁrl;lltrenll:t’?i[rin e Operating ~ Centre
g Power Power Power Power
Load Variable
Variable Variable Constant Constant OR
Profile
Constant
o / \ / \_ S \_ _/ \ / \_ s
Max A 'd ™ i ™ il A 'd ™ i ™
Ag’;‘;"' 200 Unlimited 500 Unlimited | | Unlimited
Hours 4 A v 1N 4 LN v 1N
—__
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Whole House Generator

Portable Generator

Inverter Generator

Gasoline Generator

Diesel Generator

Solar Generator

Natural Gas Generator
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kW = [(Peak Amps x Volts) x 1.732]/ 1000
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Motor load running total (minus largest motor):

KW

MNon-motor load total KWW
Starting load from largest cycling kKW
motor:

Total electrical loads: = kKWW

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

EXAMPLE
RUNNING ADDITONAL
Ll WATTS STARTING WATTS
1. Refrigerator/Freezer 700 2200
2. Furnace Fan Blower — 1/2 HP 800 2300
3. Washing Machine 1150 2250
4. Range Oven/Stove Top 8000 0
5. Sump Pump 1/3 HP 800 1300
6. Well Pump 1/2 HP 1050 2100
7.
TOTAL HIGHEST
RUNNING ADDITIONAL
WATTS STARTING WATTS
12500 2300
TOTAL RUNNING WATTS + HIGHEST ADDITIONAL STARTING WATTS =
TOTAL STARTING WATTS NEEDED 14800
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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

RkW = 100kVA x 0.95 PF = 95kW
RkVA = 100kVA
SkVA = 100kVA
SkW = 100kVA x 0.95 PF = 95kW

J=J!

SSmall Sl gl
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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
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P1=88x24/1000=2.1 KW

$1=2.12/0.95=2.22 KVA

$2=P2=3x220x20/1000=13.2 KW d>sl} (Sguadll 5)4all

Bﬁla.!l 8yall dUJlg_g 7.1 sl Jolaso .,\;;lg
Solud
Ss3=7.1x5x2=71 KVA

Az g)
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Ss5=3x7.1=21.3 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 KWazrgl) (g4l 8,u2)

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

£585 dlats 4l (313 Jgmmen T 2yoall OF G
%80 L
Ss6=4.544 PM
Ss6=4.544x80=363 KVA

oL el UJ.))&MTJ.& .i.b.z.a” ol Cu>
Ss7=2.343 PM
$s7=2.343x134=313.9 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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Ulxdl 8yuddl OHa=e
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
Jexl P.§)
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 el

- JUSQﬂ M goll 3)48 13)
Ss=114+9.87+363.52+109.6=596.99 KVA
625 KVA u\J}o.U 8)d8 8l Hliss P.'S

0,53 iuw Mool Derating Factor gudad Woall Hlus] Jud o -1 dla>dle
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Where.

PG,y : Generator capacity [KVA]

PFe : Generator power-factor (standardized at 0.8)

P : Output of load [lkW]

n : Efficiency of load (0.85)

a . Coefficient considering load factor. demand factor. margin of capacity. etc

(Motor : 0.9, Non-motor : 1.0)
> W, + [Q = cos B ]
L8] Lnax L
PG . = = 2 [V A]
PF -

Where
PG- : Generator capacity [KWVA]
= Wo : Summation of operating load [KW].
cos or : Power factor during starting of the largest motor. 0.2
PFo : Power-factor of diesel generator. 0.8

alinall 4> AW Jlasl (s G Wgall 8348 Gl igllas
STG Essential Loads

L *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 | Oiltank vapour M | 075 | 085 | 089

extractor #1
5 Oil tank vapour M 0.75 0.85 0.89

extractor #2
6 | Turning gear motor M 15 0.85 1.76
7 | Motor operated valves N 3.0 1 3.0

12




DC & UPS, B.O.P Essential Load

. *Load Rated Input
No Load Description Eff.
Type kw kw
1 | 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
5 | Cooled Condensing M 71.2 0.85 83.8
Unit (common)
Pump #2 for Air
6 | Cooled Condensing M 71.2 0.85 83.8
Unit (common)
Pump #3 for Air
7 | Cooled Condensing M 71.2 0.85 83.8
Unit (common)
3 Emergency Lightings N 75 0.85 8.9
(common)

¢ AJU WY LgJ.IQJJ\ @R ¢ EDG 8yd3 ol
STG Jwiad Bla] Ul dad) 2 J g1 D)
5_)3)'.?;“ OLC S| <3 _SJ_)MJ\ST Jadd s ul_c 8,28 :aslal Al

STG Essential Loads

L. *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 | Jacking oil pump M 30 0.85 35.3 0.5 17.65
4 | Ot tank vapour M | 075 | 085 | 089 1 0.89
extractor #1

13




2. Input Power = Rated kW / Efficiency

14

5 | Oil tank vapour M | 075 | 085 | 089 0 0
extractor #2
6 | Turning gear motor M 15 0.85 1.76 0.5 0.88
7 | Motor operated valves N 3.0 1 3.0 0.5 15
Total Load Motor 62.94
(1 unit) Non-Motor 15
Total Load Motor 188.9
(3 units) Non-Motor 4.5
DC & UPS, B.0.P Essential Load
. *Load Rated Input *Duty Actual
No Load Description Eff.
Type kwW kwW Factor | Load (kW)
DC & UPS System N 88 1 88 1 88
2 | Boiler Lift N 30 0.85 35.3 0.5 17.7
3 | AlrHandling Unit M 30 | 085 | 353 1 35.3
Supply Fan (common)
4 Air Handling Unit M 1 0.85 13 1 13
Return Fan (common)
Pump #1 for Air
5 | Cooled Condensing M 71.2 0.85 83.8 1 83.8
Unit (common)
Pump #2 for Air
6 | Cooled Condensing M 71.2 0.85 83.8 1 83.8
Unit (common)
Pump #3 for Air
7 | Cooled Condensing M 71.2 0.85 83.8 1 83.8
Unit (common)
E Lighti
g | =mergency Lightings N 75 | 085 | 89 1 8.9
(common)
Total Load Motor 0
(1 unit) Non-Motor 105.7
Total Load Motor 299.7
(common) Non-Motor 8.9
Total Load Motor 299.7
(3 units) Non-Motor 326.0
Notes: 1. Load type : M (Motor load), N (Non-motor load)




3. Actual Load = Input Power x Duty Factor
4. Duty factor: Continuous (1), Intermittent (0.5), Stand-by (0)

-2 oY Dol £989 e bl
L)l DI 0 STG Jiead Blay) 23Tyl Jusail] Dgllaall daad) Olus o

¢ )
PG, —a®r . Pz Ps + Pay o [KVA]
LA Bl L B T3 M. PFg
— {0.9=(188.9 + 299.7) + 1 < (4.5 + 326.0)} XD—IS

—962.8 [KVA]
-1 AL Al £439 die bl

g ¢ sl5all Ay Auas) o ST JuksS sy de LR 136 EDG 055 of e
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> W, : Summation of operating load [kW], 735.3 (188.9+4.5+299.7+326.0-83.8=735.3)

W, + = cOos 6
PG . — Z 4] [Q Lmax QL :l [kVA]
. PF .
7353 + (83 .8 x 7 x 0.2)
0.8

— 1065.8 [KVA]

SWE Waadl s 0650 diyludl Sblusdl e 1sby

Description Calculated Capacity Largest Capacity

Emergency Diesel PG, : 962.8 [KVA]

PG. : 1065.8 [KVA]

Generator 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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PG AV

xPmxp xC (kva)

PGyl 5,05 (KVA)

Xd’'0.30-0.15 ¢ Wdls 1655 W gall 8,301 dls laa)l

AV:0.30-0.25 oy 0555 Wsls Jraad)) sy die Jamdll agadl (olassl Juaas
Pm:(ly okS) Small 7>

B: (9-6) (o dand)l 065G Bale g ¢hS I jual g8 ghSIb 2 mmadl Jiad T
C:(0.67Ws Hliw) (1- files suy) Zymald cudl 3o, ye dotiay Jolas

Hp x 0.746 = kW

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

563 Code G ola> 100 dinws el dsutaall Wgoll 545 sl 03 -2 Jlie
Al Juogs
100 x 0.746 = 74.6kw, code G = 6.29 LRkVA 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

0.17X'd(1 — 0.25 AV)
S STAT X 74.6kW X 8.43B x 1 C

= 320kVA

el 28 918 320 Loy 395 Wgall 85 13]
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Solution:

Step#1: Calculate Running Amperes

Motor loads Load in KW (from rulef{3 .

above) Running Amperes
200 hp motor 100 KW = (100%1000)/(1.732x480%0.77)= 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 =62 A
Miscellaneous loads =95 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=195A
100 hp motor T8 A =78x1.25=58 A
60 hp motor 43 A =43x1.25=60A
Normal Loads

Lighting load =68 A
Miscellaneous loads =95 A

Total Starting Amperes =516 A

5tep 3: Selecting kVA of Generator

Running kVA = (445 A x 480 V x 1.732)/1000 = 370 kvA

Starting kvia = (516 A x 480V x 1.732)/1000 = 428 KVA
Generator must have a minimum starting capability of 428 KVA and minimum running
capability of 370 kVA.
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Type of Load Equipment
Linear Load General Equipment

Non-Linear Load PS5, Inverter, Computer, Ballast

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

19
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Starting Current
100% of Full Load Current

160% of Full Load Current

I YN

PF=0.95




Tvpe of Starter

Dol

Star-Delta

Auto Transformer

Soft Starter

VED

Starting Current

6 X Full Load Current
4 X Full Load Current
3 X Full Load Current
2 X Full Load Current

1.5 X Full Load Current

Electric Motor Size m:a)e.rat: o B Run Power
HP po— D.O.Lto KVA S.D to KvAa KvA Used when Running
Size (Note 1) Size (Note 2) (note 3)

1 0.75 25 = L
5 11 2.75 <3 1.5

2 1.5 o - 2

3 22 5 6 3

- 3 10 8 -

5 3.7 125 10 5

& 4.5 15 =2 S
7.5 55 18.75 15 7.5

10 75 25 20 10
125 2.3 31.25 25 25

15 31 37.5 30 15
20 i5 50 40 20
25 196 &0.5 50 25
30 22 75 &0 30
40 30 100 80 40
50 37 125 100 50
&0 45 150 120 &0
75 55 187.5 150 75
100 75 250 200 100
125 S0 3125 250 125
150 110 375 300 150
175 130 427.5 350 175
200 150 500 400 200
250 185 S25 500 250
300 225 750 &00 300

| 400 200 T000 800 400

20
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» 5000 A
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Motor Output Power ( KW)
— 3000
< p
S 2750
v . | | | 17
- 2500 Star / Delta 7
S 2250 | Starting i
2000 oy
g 1750 | 'S
s f 4
1500 = .
1250 N
g 1000 A B
b i // I .-I""/ I
750 .
B e "
500 A -
§ 250 [— _f_:..r
0l | | o
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Motor Output Power (KW)
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g 400
4000 P
; Auto-Transformer {/
- . P
z 3600 Starting N\ e
~ 2800 -—
g 2400 i .
£ 2000 7 S
1600 v
8 i A oo
§ 1200 —
L
800 “fJ __..-‘-""—
400 A
8 0l .
0 100 200 300 400 500 600 700 800 900 1000
Motor Output Power ( KW)
PM & il
40 30 25 20 15 10 15 S 3 2 (m
039 | 042 044 | 046 | 048 | 053] 056 061] 066 | 0.07 COSés
Oxxo | 0884 | O8K | O.87 | O.K6 085 | O.8S 083]0825) 0.9 n
oo | 089 ] 089 | 089 | 088 | 037 | 087 085]| 082 | 0.79 QOS¢
Pm 3,4
wo | o | 250 | 200 | 150 125 | 100 75| 60 50
19| 0221 024 | 025 | 028 029 | 0.31 034] 036 | 036 COSes
093 | 0923] 092 |0917]| 091 | 09090905 | 050]0.89 | 0.896 n
gy | 0921 091 | 091 | 091 091 | 09 09| ov | 09 COSe
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0.91 92% olnn 45 83 Liaselao 1
0.85 90% :lna 50 63 Libyaselan 2
0.90 90% olas 40 83 Liaselao 3
0.85 91% las 60 63 Libymeselan 4

(U &pao (1o g U6 636 calisg 26) 5.IKVA/HP sglusi &lpno S gMal 6516 (i b o 2o

-~ JWE U=l

blg guSIb Oymadl 808 Ol 1 J 91 54l

8:aSUl + (0.746 x 0laxlb 8y)aall)= bl ohSIb ol 8,43
oy oS 36.48 = 0.92 + (0.746 x 45) =Jg¥! 4, al

©ly 9hS41.4=0.90 + (0.746 x 50) =31 2,50

@y 38 33.15=0.90 + (0.746 x 40) =cJt) 2 =all

Oy $bS49.18 = 0.91 + (0.746 x 60) =)l £,a)

= 36.48+41.4+33.15+49.18 bl oLSL whaall faaze
bl s15160.2

el g8 ghSIL 2 onadl )08 Wl 4S5 8 glasill

Juaad) LT )08l Jolae + blg ghSIL Hymadl 8)u8= el cJgd oluSIb 2yl 8)03
el b gLS40 = 0.91 + 36.48 =d9d) &=l
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el g8 518 48.7 = 0.85 + 41.4 =3 2yl

el cdgd 1S 36.83 =0.90 + 33.15 =Wl =l

el cJgd 918 57.85 =0.85 + 49.18 =11 2=l

= 40+48.7+36.83+57.85 sl cJsd oLSIb whudll Soorma

el cJgd 95 183.38

el g3 gLSIL e IS ENBI 8)05 ol A B glasill

:OBKVA/HP 5.9 e S MY 8508 oo Ly

VA/HPxobaxl 8)uall= 20 JS N8| 613

el g S 265.5 = 5.9 x 45 = JoJI 21, £3151 8,3

ol g3 LS 295 = 5.9 x 50 = 11 2ymall £)61 33

el ©gd 318236 =5.9 x 40 = Il 2yl g8 808

el g0 S 354 = 5.9 x 60 = gol)) 2yl )31 850
sLS=265.5+295+236+354=1150.5 _awol cJsd sbSIL £MEYI 8)08 Jlaz]
sl < gd

& Loy batd Joaad)l dla) Hiomo (5848 Jolas s (Say 485 ST ol 058y
O ymall 848 ggomal S @l e Jamid bas 0801 oz @3 309 e2lymmall EM31 8)08
(Lol $hSIL £V 8)u3) Jssdll dlax]

At startimg (KW .S )

T
¢
>
0
0
i
0

S_M=3 — O

243 — 3T

T o9 - =

-} e — =

e T = b= Bt

L= e . =1

FeIDan000)
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élg_,.eSJ\ U gall )08 slaul 1daslyl 59l

de bl sbS(160.2) el 58 518183.38 4 e 1o (3LyeS Woo JI zlizs
U8 e el 58 98 1150.5  as O e )36 390l jui (39 Aaie §)gucy J3Y

Plaginl e 318 9555 (5> S8V e el 98 5LS 220 8)ady Wge Hlises g Ling
3 iy g3 5 U 3 A8l s

2 o) Jle

iduziwa)l JoW % 10 dd 830 ao dipdl $9l oo W gall dass Coaa|
JWE JlsY!

Diversity wls 80 wlsbsl 4 saa CFL g9l (3o wlebial de gazo -
Factor 0.8

Starting & Running P.F is 0.8.

@l9 3000 8u>9 (S daw cJgd 230 5 Jzoow 2 sdu oSS Olasg-1 W
Starting & Running P.F is 0.8 ¢Diversity Factor is 1

Starting P.F is 0.7 & Running P.F sDiversity Factor is 0.8

58 3 il cdgw Juogdl dayb Ol 9hS 130 daw Hyme dxlg dae -l
Starting P.F is 0.7 & Running P.F sDiversity Factor is 0.8

-t JWS Ul
J9Y JleaYl de gacea) duddl
Full Load KW of CFL Bulb=(No X Watt X DF) /1000
Full Load KW of CFL Bulb= (4x80x0.8)/1000=0.3KW
Full Load KVA of CFL Bulb=KW / P.F

25




Full Load KVA of CFL Bulb=0.3 7/ 0.8=0.4 KVA————(H)

FLC of CFL Bulb= (No X Watt X Diversity Factor) / (Volt x
P.F)

FLC of CFL Bulb= (4x80x0.8 / (230x0.8) =2 Amp—-(M)

Linear Je=dl ggs
Starting KVA of CFL Bulb=1 X (KW / Starting P.F)
Starting KVA of CFL Bulb=0.3 /7 0.8=0.4KVA (1)
Starting Current=100% of Full Load Current.

Starting Current=1 X 2= 2 Amp. ———- (A)

CaeS! JlasT de gona) duanddl
Total Full Load KW of A.C= (No X Watt X Diversity Factor)
/1000
Total Full Load KW of A.C = (2x3000x0.8)/1000=4.8KW
Total Full Load KVA of A.C =KW/ P.F
Total Full Load KVA of A.C =4.8 / 0.8=6KVA———(I)
FLC for A.C = (No X Watt X Diversity Factor) / (Volt x P.F)

Total Full Load current of A.C = (2x3000x0.8) / (230x0.8)
=26 Amp——-(N)

No Linear Jeo=Jlggs
Starting KVA of A.C=1.6 X (KW / Starting P.F)
Starting KVA of A.C =1.6 X (4.8 / 0.8) =9.6KVA -(2)
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Starting Current=160% of Full Load Current.
Starting Current=1.6 X 26= 42 Amp. ———- (B)
s b Ao g Ayl S A1 2ymeall Jlast Egnzea) dndlly

Full Load KW of Motor= (No X Watt X Diversity Factor)
/1000

Full Load KW of Motor = (1x10000x0.8)/1000=8KW
Full Load KVA of Motor =KW / P.F
Full Load KVA of Motor =8 / 0.8=10KVA———(K)

FLC for Motor = (No X Watt X Diversity Factor) / (Volt x
P.FxEF)

Full Load current of Motor = (1x10000x0.8 / (230%0.8)
=43.4 Amp—-(P)

FLC=40 AusSe Le9uNEC 430-248 gl (e Jsl

Wo Sl Jaaaddl 45
Starting KVA of Motor =4 X (KW / Starting P.F)
Starting KVA of Motor=4X (8 / 0.7) =45.7KVA (4)
Starting Current=4 X Full Load Current
Starting Current=4 X 43.4 =174 Amp. ———- (D)

Full Load KW of Motor= (No X Watt X Diversity Factor)
/1000
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Full Load KW of Motor = (1x130000x0.8)/1000=104KW
Full Load KVA of Motor =KW / P.F
Full Load KVA of Motor =104 / 0.8=130 KVA———(L)

Full Load current of Motor = (No X Watt X Diversity Factor)
/ (Volt x P.F)

Full Load current of Motor = (1x130000x0.8 /
(1.732x430x0.8x0. 9) =195 Amp—-(Q)

Dl Cégun Juaadle edo dio,b o5
Starting KVA of Motor =2 X (KW / Starting P.F)

Starting KVA of Motor=2 X (130/0.7) =37 1KVA————— (5)
Starting Current=2 X Full Load Current
Starting Current=2X 195 = 390 Amp. ———- (E)

IS Egazall 13]

Total Starting KVA = (1) + (2) +(3) + (4)

Total Starting KVA =0.4+9.6+45.7+371 =426.7 KVA
Total Starting Current = (A) + (B) +(C) + (D) + E

Total Starting Current =2+42+7+174+390= 615 Amp
Total Running KVA =(H)+(1)+(J)+(K)+(L)

Total Running KVA =0.4+6+10+130= 146 KVA

Total Running Current=(M)+(N)+(O)+(P)+(Q)

Total Running Current=2+26+43+195= 266 Amp
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alascil Jawgio (§ Blall (3 )+ Jeiawall (3 dansgil] dogd 23LoL a3 U3 day
0.8

Size of Diesel Generator= (Starting KVA) X Future
Expansion X Average Use of Equipment's

Size of Diesel Generator=286 X 1.1 X 0.8
Size of Diesel Generator= 350 KVA
kva350 ¢Sids ol oSl o il 31 HLasly peds U3 da
Summary:
Total Starting KVA =426 KVA
Total Starting Current =615 Amp
Total Running KVA = 146KVA
Total Running Current= 266 Amp
Size of Diesel Generator= 350 KVA
3 09 Jl
- JWE Jlesl &) g9 ke gy
%80 5)uall Jolao Ola> 7.5 daws 03 duc
%80 8)udll Jalas Ola> 75 daw 20 1 sus
%95 8)4a)l Jolas Ola> 200 daw Hyo 1 dde
%100 5,18}l Jolas Oba> 100 8)uis (pseud duaybo
%85 5)ual Jalao ly ghS 37 Loy (5,51 Jlalg 815
JlesY odig) Wgadl dasw Gl i gllanll

29




Jsl

Customer:
S- No Load HP Qty T(,;t h In. kW pf kVA Starter St. pf St; A_
Laa multiplier
1 Motor 7.1 3 16. 0. 21. 0. 26.] DOL 0. 6
2 Motor 7] 1 56. 0. 69. 0. 87| S-D 0. 3
3 Induction 20] 1 149.] 0.9 157 0.9 16 - 0.9 1
4 Heating 10] 1 74. 0. 82| 1 82. - 1 2
5 Lighting & 1 37 o] 414| o8| 48| - 0.8 2
Summary 7 372. 41
Su Sum Sum
St. kVA St. kW L.F Act. kVA Act. kKW Inst. kVA Inst. kKW
15 31.5 0 21.0 16.8 1 315
26 78.7 0 69.9 56.0 2 955
16 15 0 14 14 2 22
16 16 0 74.6 74.6 4 37
97.5 82 0 43.9 37.3 411.8 37
26 16 9 35 32 411.8 37
Max Max Sum Sum Max Max
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Genset capacity required in kKW 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
L ©3) Jle

I JleoYl e Sl Wgadl 808 Gl Logllaall

Ola> 40 daw oo L350 diine 2 Dus

31
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DG SIZING: MOTOR 1 MOTOR2
A, STARTING KVA (SKVA) 40HP 40HP
B. MNEMA CODE F F
C. SKEVAR/SHP AS PER CODE 5.3 5.3
D. SKVA/HP x MOTOR HP (A x C) 212 212
EFFECTIVE SKVA:
Al. ALL MOTORS RBUNNING 0 KW J0OKW
B1. ALL MOTORS RUNNMNING /STARTED 30KW BOKW
C1. (Al1/B1) x 100 0% 50%
D1. COMPENSATION FOR MOTOR ALREADY STARTED (SEE GRAPH) 1.0 1.07
E1. Dx D1 212 SKVA 226 SKVA
F1. STARTER FACTOR (STAR/DELTA 0.33) SEE TABLE 0.33 0.33
G1. EFFECTIVESKEVA =E1x F1 F0 SKVA T4 SKVA
H1. ACCEPTABLE VOLTAGE DROP IN ALTERMNATOR 10% 10%
11. SKVA FOR 10% DROP IN VOLTAGE FOR. MODEL 6R1020TA TaKNA TAKNA
11, SEVA FOR 20% DROP IN VOLTAGEFOR MODEL 6R1080TA 167EVA 167EVA
(REFER TABLE ENMCLOSED FOR SKVA FOR VOLTAGE DROPS)
Motor preload multiplier.
¥ — AMIS
1.4
1.3 -'—'-?_:‘
[= =y
s
== 1.z
o
g 1.1 ™
=
1.0
a0 S0 (1w ] O a0 20 » — AMIS
%% Motor Load — — A2l Motors Running 444

Al Motors Running &
Motor Being Started

%% Motor Load < 40%b. Multiplier = 1.0
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Rating w/o Fan Starting kV-A at Voltage Dfp N
kW 10% 20% 30%
460 317 714 1224
410 278 625 1071
300 171 385 659
270 171 385 659
150 11 250 428
135 74 167 286
100 74 167 286
B5 74 167 286

Reduced-Voltage Starting Factors

Multiply
) Type SKVA By
Resistor, Reactor, Impedance
80% Tap 0.80
65% Tap 0.65
50% Tap 0.50
45% Tap 0.45
Autotransformer
80% Tap 0.68
65% Tap 0.46

50% Tap 0.29
Y Start, Run 0.33
Solid State: Adjustable, consult manufacturer or estimate

300% of full load kVe=A
(Use 1 if no reduced voltage starting aids used)

LI L 93 Wgadl s B gaw 13
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Ovennll Specification : Kidloskac aPacks : . -

Kﬂ::k:' m‘ Rated OQutpur| Raditos Recommended ePack Recommended ePack m
e Engine
Model at 1800 rpm | Fan Lows Raring EVA (0.8 pf) Rating kWe @ Full load
bhe he Continuous | Standby | Contiouous | Standby %
KeP1IW IR1040 0 1 n 4 18 19 865
KeP3TW JR1040 44 3 31 35 26 8 835
KeP50W 4R1040 &0 4 43 4 34 35 817
KePT0W {R1040T 90 4 61 L 34 L 83
FePL1IW | 4RI040TA 112 8 81 88 B4 70 81
FePITIW | 6RI0B0TA 171 10 128 138 100 110 865
5 o8) Jbe

277/480 V, 3-phase < gllaall 2 >0l UTJLJJ&P AW JleaSW Vgall 8)ud Ol
795 Jsid 8:uS ¢ F 35S ¢ Ola> 150 858 u>lg 2lyme-1 (S o3I A=l
0.86 Jasiad)l cldlg 0.26 Jusad s die 4 8y0a)1 Jolan
7£95.4 Jixid 8:6S ¢ G 35S ¢ Ola> 200 898 >l Hymo-: A5 ALl
0.87 Jusadl slsly 0.24 (p Jsaddl cos e 4 8)0a)l Jolaoge
ey ke B)Ad)l Jolaog ¢ el g3 gLS 75 cye e gt Jlani-:at) )l Dlsull
J3i3 0.9 Jusad)l 5U3ly 0.84 el
- JWE U=l
SkVA = motor hp x locked-rotor kVA/hp
Where locked-rotor, Code F motor = 5.5 kVA/hp; Code
G motor = 6 kVA/hp per NEC, Table 430.7(B)
SkW = SkVA x starting motor PF
RkW = motor hp x 0.746-kW/hp/efficiency
RkVA = RkW/running motor PF

Miscellaneous load: The following equations are used to
34




Calculate SkW and RkW:
SkW = SkVA x starting PF
RkW = RkVA x starting PF
Where load kVA remains constant: kVA = SkVA = RkVA
-t JoY Al
o5 720 Ly dg=ll (ol e SKVA 2525 g lg9hS 1000 Wy
2100 85 ddlez] drw pd5i) daimall 85,20 Olasolge d3)9 (0 o)l
981000 gl Jaan po 734 Jins @l9ehS 342 Joxdl Jle=ISKVA.
5,001 W gl s o ALl Juasdl Al 3 Jamo pe Wgall. g
el 298 5LS sy 2li) dyglial
- Askl A
Ly dgndl olassl e SKVA 2000 ao @lgshsS 800 Wgo slasl o
1412 15 &dln] dae 853 dnpnall 350l Olalge )9 (o 720
P8 800 Waadl Jasa (3o 743 Jiws ©l9elS 342 Joxdl JlxISKVA.
5,001 W gl s ot ALl Juatadl Al 3 Jamo pe Wgall, bl
rdaiie S JlasYl Sl Leie, el g8 ol sy 3l Lgllaall
Jto 3 Csllasll SKVA e SKVA gl 5 o5 ¢ (aead) Jeaondl)
- asudl Al
dady dgzrll olazsil e SKVA 765 re wlgshS 400 8y wge Hlas|
710 # adloz] Ugom sd93) daisanll &S00 Slasolge 83)9 (10 720
S 400 Wgadl Jae (30 786 32 &il9glS 342 Jaxxll JL=ISkVA.
a8l Jisdl Al (§ A e 786 Jlo> ) Wgall Jass o, bl
el @39 adadie i JeaVl Gl bedie, Aguan (ol Of (o180
K SKVA Collaall wgall Julas o3 ¢ Hyomall Jlaxl edd (o)l ag))

35




(Rules of thumb)

Motor Starting Transients

e Alternator

- skVA =hp x 6.0

- rkVA =hp

e Engine

- skW =hp x 2

- rkW =hp x .85

EXCEPTIONS: SPECIALTY MOTORS

Submersible Pumps

Generator sizing guidelines for submersible motors

ER e Rl ey an Generator P_ower Generator Pouu:er
DOL starting Star-Delta starting
kW HP KWW WA KWW BOW A
< 5.5 10 12.5 E=] 10
5.5 7.5 12.5 15.6 10.8 13.5
7.5 10 15 188 148 17.5
9.3 12.5 18.5 235 172 21.5
11 i1s 22.5 28 20.5 25.5
15 20 20 3= 27 34
18.5 25 20 SO 23 a2
22 30 a5 sS7 40 50
26 =1 52 65 45 57
30 40 a0 75 s52 55
37 50 75 94 565 21
a5 &0 20 112 FF o7
55 75 120 150 102 128
5656 20 135 170 115 1494
75 100 150 190 128 160
93 125 185 230 158 198
1310 150 210 260 190 237
135 180 260 323 228 284
150 200 280 3I60 254 316
165 225 325 404 28s 354
185 250 365 454 320 392

Chart provides guidelines only
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Jle
=14 U haall ) OBy M Ly Uz g0 s Aas
oba> 200 ¢ oba> 100 ¢ (La>- 50
JUWIE dalisee > 3 5929 die Wgall 8yu3 S
Oba> 100 duaall o3 Yol Y1 Ola> 200 dsuaall poas -1 J g1 U
Ola> 50 &zl o

o3 Oba> 100 Luaall @5 Vsl gMEYL Ola> 50 dsuaell poas-1dsl Vsl
Ola> 200 dsuaall

Cgll s (3 EMEYL BN )l o ga5-: 2RI Dl

-t JWE =l
-t oV Al s W gell 8)u3-1
» Start 200hp x 2 = 400 skW (need 400 kW genset
minimum)
» Run 200hp x .85 = 170 rkW (preload for next load
step)

» Start100hp x 2 = 200 skW+170rKW=370 sKW ((400
kW genset is still enough)

» Run 300hp total x .85 = 255 rkW (preload for next
step)

» Start 50hp x 2 = 100 skW + 255 rkW = 355 skW (400
kW engine)
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» To determine alternator size for voltage dip
» assume skVA = 6 x hp = 6 x 200hp = 1200 skVA

> To determine voltage dip use alternator motor
starting table / specs

<l oS 400 (5SS Ul oda dice Wgall 5,48 13
Al Al e W gell 8y)a8-2
Preload of 150hp x .85 = 130 rkW (approximately)
Start 200hpx2=400 sKW+130rKW=530sKW
Ol oS 600-500 (v 655 Ul o wie Wgall 548 13)
- ad Dl e Wl 8)08-3

Start 350hp x 2 = 700 skW
Olg JS700 0655 Ul i Lie M gall 5,48 13
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Wgall Sblus Je 385 @1 Jalgal
& Jolgall Gam Az g3 dslud) @ylall e a9 Sblusdl oo slgYl d
= AWE 29 Woall sVl jLasyl e Olewsdl 3 il Coo

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

Voltage Dip ol ag=dl (olasad lag W gall jlos] aus-Yel
dalizes glas Lg) 480 ,eSIl oliaal (e Aliseall ahadll - agad! (olasl
doya0) dninandl 800l Glaslge ) Sl o U agad! (olasay

S mall Lludl Jom 0550 O San) U2l gz § 4 zoaeall (s
GAVR e cadl JlaxT 35 01 oS (dwaadll Juamd Ol e &5b,¢S)
S lgall 0555 0f o, U Ao liall dgadl il 5o, e Wgal
& 22! p2lassY @ gl (G2l dl ol pae Olaa) (4S5 Ly ezl

el

+ NEMAMG?1 32.18.5.3 Motor starting equation

%Dip=100*  Xd

Where X'd s In per
Base kVA .
XD
t Saring VA unit of the KVA base
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Generator Size vs. Reqquired V Dip (%)

500%%

:
Note:
Better results can be obtained if the
400% | generator is specifically designed for low
F wvoltage transient. This is for illustrative
purposes only.

300%

200%%

\

100% | I ———

0%

0% 5% 10%6 15% 20% 25%
Voltage Dip (%)

Max. Allowable Project Voltage Dip:
¢ 25-35% is a reasonable starting point
Max. Allowable Project Frequency Dip:
¢ 10-20% is a reasonable starting point

Examplel: 2000 kW @ 0.8 PF with X’D = 18.2% starts a 750 HP code F motor — What is the
approximate voltage dip?

Base kVA = 2000 kW / 0.8 PF = 2500

Starting kVA = 750 HP x 5.6 kVA / HP = 4200 — % dip = 100 x (0.182) / (0.182 + (2500 / 4200)) =
23.4%

Example2: - Load Data: 100hp, NEMA code G, 480V, 3-PH Motor, DOL starting method, voltage dip
25%, X'd assumed 0.17pu

100hp x 6.29 =629SkVA
(629 / .25)-629 = 1887, 1887 x 0.17 X'd = 320.7 kVA

NEMA MG-1 Voltage Dip Equation

0.17X'd

., 320kVA

= 0.250 x 100 = 25% AV
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Voltage Dip gl aas

% Voltage Dip

g
T

8

;
;
:
:
E
=
;
Z
g
:
:
—
:

Byaa) JUWI ol plasein) Ll oSa

Based on
Rated Voltage

Applied Load in kVA
Per unit KVA =

Rated load in kKVA

[ P B SN s T e o B B | Ll i L a1 1t 4 ¢« Ll Ll

1
05 10 15 20 25 30
Per unit kVA

Jla

Sha 100 8)dis 6 3 yoee drgy

,Code H =7.10kVA per hp

sl dgd oLS 400 4548 O pusiuedl Wgalls

Woall 1) @iladl sl (0 dgandl Aid Gl ogllas

Jal

100hp x 7.10kVA = 710SkVA
710SkVA /400kVA = 1.77
%30 (& dgonl 42d dad ams uiall go 1.7 ablis gludl uiall oye
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* Improve motor starting

— Minimize X “4 (generator reactance)

Upsize the Alternator
Rule of Thumb Formula
100hp x 6.0 skVA /hp = 600 skVA

Vdip 35% 25% 20% 10%
Alternator
Mool 175 230 275 750

Minimize voltage dip by upsizing alternator

Bgall gkl (Bdg Waall ] Jans-2
i dyaey IS o9
T oI ey O el 8503 Gl (Al Aapoeall 80l doys -1
¢ Calgingd 4290 104 oo J31 Aol )ly5)) dmpng ¢ 203 1000 (0
(£75 oo 31 &igb))lg

60 55 50 45 0 JC s

0.88 0.9) 0.94 097 I Fi bl bla

42




60 55 50 45 40 J;=ll g4
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

1.10

1.05 S~

1.00
% 0.95 ‘\\
L 0.90 \\\
g 0.85

0.80 ‘*\\

0.75

0.70, T, ———,—,—,—— ——

20 25 30 35 40 45 50 55 60 65 70
Ambient Temperature (°C)
(K2) 4640 g O B} lor 33 (unnrm vl Jalas (F—4) oy J g
P2V e 0 g Vi) | _
Pfuoq e'.oc r\'-o. P\.g. '\... u‘hb‘,kﬁ

1, 0A \,eF PN ., AvY ', 40 Y
\, Ao \,:00 e Vo ', AV pTo
1, V, A \,sor \, Y1 e rt
RY: ) es VA \,0v VoMY rto
VY V,ATA 1T \, A V0T po
1YY 1,114 VY V)4 Ve AY p oo

(.slge)l 23US Counazil ¢ $lasYl ol W) jodl Sgiue oo glasYI-2
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300 | 2800 | 2600 | 2400 | 2200 | 2000 | 1800 | 1600] 1400 | 1200 | 1000 '“’J'Ch"d‘twﬂ'
(m)
088 Joxv2{0.904]0916|0.928] 0.94 o952 o.uu‘o‘m n9ss| 1 Adnal! Lalas
F2
i iadg)
Al e o2 NI 25°C d0°C 45°Cc [4750°C 56 °C 80°C (")
0t01000m 1.045 1 097 | 0% 091 088
1001 to 1500 m 1.01 097 0.94 0.91 0.88 0.85
1501 to 2000 m 0.98 0% 0.91 0.88 0.86 083
2001 to 2500 m 0.95 0.91 0.88 0.86 0.83 0.8
2501 to 3000 m 091y 1N 081 | os4 082 079 077
Lagging Power Factor 1 09 08 07 086
Factor 1 1 1 0.92 0.85
1.00
0.98 <
0.96 | AN
N
i ™.
g 0.94 <
$ 0.92
0
o 090r
S oas88 <
g 0.86 \\
8 [ N
0.84 <
0.82 >
0.80

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Altitude (m above sea level)
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Altitude / Ambient: De-rate Chart

Altitude/Ambient Temperature
Derate Factors for Generators

1.05
00 T — -
J =
S~ ~
095 ~— e iy
[~ = \\\‘ — 2l s
0.90 ~ - -y = < I~ 20° ¢
w I S~ ~~
£ o085 el
2 By T~ ™~ — - -30"C
. ——
£ e 2 e i s [P
E o ~ i ~ 10" C
Q\ . -l -
075 3 -
~LL o | m——— 50° C
0.70 INEE
; [ ™ —..680°C
0.65
0.60
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Altitude (m)

29850 g3 By Wyall sl Laeio-3

bl gzl oo 7322 duiy Bale (2835 O oy Jipdl 5l il ol g
oo 75 Ul 08l Caduadll (aas Jele (3950 b Bole ¢ audall 3l ool g
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Addrusdl OlrlaoM Bag Wl jlas| tavs-4
710 o Geabad Y gl Josdl ga3 Ji M

Application Typical Load Growth Factor
(Kr)

Bank 30-50%
Medical Center 30-40%
Church 10-30%
School 50 - 80%
Hospital 40 - 80%
Warehouse 10 -30%

(PF)asUall Jolaal lEsg Wgall jlis| taus-5
daxl douxd Gllge Wlegaze 9l 8T Wllge dnasiall PFs (e

JsY Hshll 450 Ollsall Slegaze Ciduad @iy b Bole, puoue S
PF.1.0 JbsY skl LolsT ol gl ole gazoy PF 0.8

byl ks

0l 02 103 JO4 JOS JO6 107 JON oY 1

0.4 |oss loss |07 Joso Joor Joes | o | " Fi adsd jeles
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1.00
0.98
0.96

0.92
0.90

0.86
0.84

Derating Factor

0.82}

0.80

00 01

0.94 }

0.88 |

~

02 03 04 05 06 07 08 09
Load Power Factor

0.8t01.0 1.0
0.7 0.97
0.6 0.91
0.5 0.89
0.4 0.87
0.0 0.84
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Check Chart for Determining Type/Size of Load to be Applied to the Generator
Criteria of Load ‘ Load Category ‘ Comments

Standby No overload capacity available for temporary power supply

Application - — - —
Generator set is primary power with 10% overload capability

Altitude Check manufacturer’s derations (turbo-charger less than naturally aspirated)

Ambient IR E N E0 - Over 85°F - check manufacturer’s derate

Less than 25% Less than 25%, standard AVR should maintain regulation

Voltage Dip —
Mare than 25% Above 25%, look at permanent magnet excitation generator

Frequency* Verify maximum frequency dip the system will accept (*normally 60Hz in US)

Reactive Loading One Large Motor Investigate sizing engine to generator and/or starting aids

Electric Motors, etc | Several Electric Motors ISeRei@UIGREIEEH ANl OIRilE

Humidity Up to a maximum of 6% but dependent on temperature

Non-reactive loads Priority loads These are the loads a generator set has to be sized for

Lights, heaters, etc Non-essential loads Consider if for standby, some loads could be dropped from standby circuit

Power factor will be 0.8 and requires a 3-phase generator

Single Phase See if single phase loads can be balanced on an 3-phase system

Voltage Configuration Star, Delta, Parallel, Zig Zag, etc

Electronic Loads SCR loads More than 25% SCR loading, may require larger sized generator end

UPS Systems EG A DI A=lGI8 Check with set manufacturer when UPS systems have leading power factors

-: Derating Factors i (Je Jto

0.55 8yl Jolaeg el g ¢S 3000 s5lud JlasDU &SN 8yaall o8
e 2000 glasy] e 383 dzps 60 lSlall 48,30 8l daryd (a3l 38y
Ll 58y @l S 400 sVl o) 2lyme xSTOE N9 >l law (e
il Juo 53 Jadd)

- JWE U=l
Derating factor 05 %55 Jle>3 8y0a)l Jolae Of L
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1.0 PURPOSE

This caleulation describes the gas turbine generator sizing calculation of Attahaddy Gas
Field Development Project.

2.0 BASIS OF ELECTRICAL POWER CONSUMPTION

The majority of plant loads are a function of the process equipment, and such information is
obtained from process and mechanical engineering parties. Since their design is made
considering some design margin for the most severe condition, it is necessary to apply some
factors to obtain a total plant power consumption that is close to the actual power
consumption of the Attahaddy Plant.

2.1 Summary of Power Consumption

1} Max Brake Power for motor : Maximum required power delivered from the motor
to the pump shaft. In case that brake power for motor is
not available from associated parties, such as mechanical
department and/or Vendor etc., the following multiplying
factors are applied based on the Table 6 of API6I0
{Centrifugal Pump for General Refinery Service).

Motor Mame Plate Rating (kK'W) Multiplying Factor
B o Motor Rating
Less than or equal to 18.5 kW 0.8
Greater than 18.5 kW and .87
less than 75 KW
| Greater than or equal to 75 kW .91

2) Max Brake Power for non-motor item : To obtain power consumption close to the
actual value, the following multiplying factors are applied to the rating of each
equipment.
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Mon Motor Loads Multiplyving Factor to
Equipment Rating

Lighting 1.0

Utility Power 1.0

ASC including heating 1.0
and ventilation

Water Heaters 1.0

Exhausters 1.0

3) Demand : The electric load at the receiving terminals of motors, panels or switchgear

averaged over a specified interval of time.

4) Demand Factor :

The ratio of the maximum demand of the system to the total
connected load of the system.

Loads are classified to three categories as below considering the
operational characteristic of each load.

- Continuous : Continuously Operating Loads

- Intermittent : Intermittently Operating Loads
- Stand-by  : Stand-by Loads

Demand factors are applied to the each category as below for
summary of power consumption. This value is assumed
considering operational characteristics and design margin of the
process and mechanical team.

Motor Operation Characteristic Demand Factor
Continuous 1.0
Intermittent o4

Stand-by i
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3.0 BASIS OF GENERATOR SIZING

Normally both Units will be in continuous operation and equally share the Plant load.

However each Unit alone must be capable of supplying the full load of Plant, starting the

largest gas compressor, and 30% additional capacity for future expansion.

4.0 CALCULATION

Please refer to Attachment #1. “ELECTRICAL LOAD SUMMARY for GTG Sizing”.

1) Summary of Electrical Power Consumption

Consumed Power

Load Summary Continuous Intermittent Stand-by
kW kVA kW KVA kW | kVA

Process Area Facilities Load 12839 14525 5482 674 3702 4073
Offsite Area Facilities Load 204 234 36 47 143 187
Industrial Support Facilities Load 504 670 178 194 252 27
Camp Area Facilities Load 1312 1626 i} 0 184 184
Sub-Total 14859 17055 5696 6314 4282 4715

Future Load (30% of The Process .
Area Facilitics Load) 3852 4357 1645 1822 1111 : 1222
Total 18711 21412 7341 8136 5392 5937

kW EVAR kWA
Estimated Max. Load Sum
(=¥Cx1+ Px04+ I8x0) 21647 11826 24667

2) Selected Total Power Consumption:

3) Selected GTG Output Rating at Site Condition:

21.6 MW (PF=0.58)

53

19.2 MW at PF=(}.8




50 CONCLUSION

The selected GTG (Frame 5) rating is 19.2 MW and the expected total power consumption
is 21.6MW at site ambient condition, based on “ELECTRICAL LOAD SUMMARY FOR
GEMERATOR S1ZING™ attached.

We believe that above discrepancy between GTG rating and expected total power
consumption is made from current changes of load operation mode, such as PM-3101C,
PM-3201C, PM-3102C, PM-3202C, PM-3002C, PM-5101B. PM-5201B, from “stand-by”
to “intermittent™,

Therefore, actual PLANT LOAD should be re-checked during plant normal operation period
to verify selected GTG rating.
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Generator Size Chart

Customer Preject Analyst Date
1. APPLICATION DATA
Prime/Standby Power Gas/Diesel Fuel Volts Phase Hz
Il. LOADS lll. ENGINE SIZING
A Lghting Loads .. ..o S —
B. Other Nor-Motor Loads. ... ... . . KW
C. Motors Nameplate Data AW Engne) = hp (Matar) x 0.746
Slarting Recuced Voltage  Acceptable Voltage Motor Eff, Molor Efficiency
Sequence  hp  Nema Code Starting Type Dip Percent {Chart 5 (Chart 5}
i I kW
2 — kw
3 - kW
4 - kw
5 J— E—
Total Motor Load — kW
Total Engine Load (A+B+C) kW
IV. ENGINE SELECTION Mocel: Frame: Rating (With Fan): kW Hz pm
V. GENERATOR SIZING Start Sequence Motor(s) 1 Moter(s) 2 Mator(s) 3 Motorfs) 4 Motor () 5
A Starting kVeA (SKVA)
1. Motor Ratings hip ___tp _ hp ___hp —__hp
2. NEMA Code N N — S I
3. SKVAMp (Use 8.0 if Cade Letier Linknown) - S — S —_—
4. SKVAp x Motor hp (A1 x A3) SKVA SKVA __ SKvA _ SKva ___ SKVA
8. Effective SKVA
1, All Motors Running 0_kw kW W kW )
2. Al Motors Running & Motor Being Started KW — — kW p—
3 B1 %100
B2 0 % % % % %
4. Gompensation for Motars Already Started
(Chart2) 10 R o -
5. Step A4 xStep B4, SKVA SKVA __ SKvA __ SKVA . .BKVA
6. Reduced Voltage Factor (Chan 3) I . —— I -
(use 1.0 if no starting aid used)
7. Effective SKVA = Step B5. xB6. SKVA SKVA ___ SKVA ___ SKVA ___ SKVA
8. Acceptable Veltage Dip (10, 20, 30%) % % % % %
C. Generator Selection (Chart 1)
1. Framg —— _ N — N
2. Rating KW kW kW kW W
3. SKVA al Selected Voltage Dip . . o . o
VI. GENERATOR SET SIZING
Select Largest Generator Set Model of Step IV and Step V.C.1,
Model. Frame: Rating: W Prime/Standby Hz rpm
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Custorrer Project Analyst Cale .. -

I, APPLICATION DATA

Prime/Standby Power GasDiesel Fugl Y80 il 3 phass @0 H
. LOADS |l ENGINE SIZING
A Lighting Loads ... R 725 W
B, Other Non-MolorLoads .. ... ..o e : W
C. Moters Nameplate Data [Molor) x 0.746
Starfing Redused Voltage ~ Accaptable Vollage Mator Efficiency

Sequence  hp  NemaCode  Starling Type Dip Percent {Cha g
120 £ Ry 5T A0 _fea W
¢ 2 6 AT ok 20 J/ 4l W
3 a0 £ Aewras thelne A0 A _#f W
1 50 _¥ ter at 20 d0 KW
5 - — kW

Total Mator Load _J3/3 W
Total Engine Load (A+B+C) _ 423 W

IV, ENGINE SELECTION Modet: 3472 7.5 Fame _ S fte Ralng Wi Fary %25 W __ 6o W /£00 mm

V. GENERATOR SIZING Stert Sequence Metor(g) 1 Motor(s) 2 Motor(s) 3 Molars) 4 Matar (s) 5
A, Starting KVeA (SKVA)
1, Motor Ratings 200 25 &0 Ip _50.hp .
2. NEMA Code £ G s £ —
3. SKVAhp (Use 6.0 f Code Letter Unknown) S0 599 5.3 5.3 -
4. SKVAp « Moltor hp (A1 x A 4040 SKVA Y SKVA Ti# SKVA 265 SHVA _ _SKVA
B, Effactive SKVA
f. Al Motors Running 0 W 162 KW 223 kW 272 W W
2. Al Motors Running & Motor Being Started fea KW 223 kW A2 KW 33w kW
8.1
.l
T _0 o 73w A £ )
4, Compensaton for Matars Alraady Started
(Chart ) 10 L2l L2 42 .
5 Step Ad.xSlep B4, L0G05KVA _SY0SKVA Aol SKVa 331 SKVA _ _SKVA
. Feduced Voltage Facter (Chart 3) bS5 _tef 1o 1o _
{use 1.0 if no starting aid tsad)
7. Effective SKVA = Step B5.x 86, &FF SK 342 SKVA Aol SKVA 339 SKVA __ _SKVA
8, Accapiable Voliage Dip (10, 20, 30%] A2 % 20 % _20 2% W
C. Generator Safaction (Chart )
1, Frame 588 49 ¢ k444 -
2. Raling ¥55 kW 225 \W 45 kW 225 kW W
3. SKVA af Selected Voltage Dip Y 285 Y3 357 S

Vi, GENERATOR SET SIZING
Selact Largast Generator Sal Model of Step IV and Stap V.C.1.
Node: _ 3¥/2 7 S Framg: _S&& Raing: T kW PrmefStanchy @O W  /f00mm
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Generator Sizing Guide

Onsite Estimating Sheet

Contractor. Email

Phone Fa

Job Name

Date Location,

VOLTAGE [ 120240 16 [ 12020830 [ 120124036 [ 277/480 30
TYPE (] Natural Gas  [] LPVapor (LPV)

ELEC. SERVICE

[ 100amp [ 200 amp [ 400 amp [ 600 Amp [ Other

Before installation contact local jurisdiction to confirm all requi are met. Jurisdictions may vary.
Eaton recommends contacting local authorities prior to installation.

Loads: Look for heavy building loads such as refrigeration, air conditioning, pumps or UPS systems

Motor Load Tahle (Refer to Tahle 1) Use the following for sizing and determining generator k.

Device

HP RA LRA KW Rnning (= HP) Starting kW

+  Starting kW for HP < 75 starting kW = HP x 3
+ Starting kW for HP > 75 starting kW = HP x 2
+  Starting kW for loading with no listed HP, calculate HP based on running amps in the chart on the right

Technical Data TD0O0405018E

Effective August 2009

Applications

The QT Series does not meet the
necessary requirements for the fol-
lowing applications:

« NEC 695 Fire Pumps

+ NEC 700 Emergency Systems
* NFPA 20 Fire Pumps

* NFPA 99 Healthcare

+ NFPA 110 Emergency Systems
Reference Codes

Related Codes and Standards

+ NEC 225 Branch Circuits and
Feeders

* NEC 240 Overcurrent Protection

+ NEC 250 Grounding

« NEC 445 Generators

+ NEC 700 Emergency Systems

+ NEC 701Legally Required Standby
* NEC 702 Optional Standby

* NFPA 37 Installation & Use of
Stationary Engines

* NFPA 54 National Fuel Gas Code
* NFPA 58LP Gas Code

Non-Motor Load Table {Refer to Table 2} Use the following for sizing and determining Transfer Switch Avalability
generalor ki Single Phase® Amps
Device s 2 Service Enirance 100, 200, 400, 600, 800
Non-Service Entrance 50, 100, 200, 400, 600, 800
Three Phase
Service Entrance 100, 225, 300, 400, 600, 800
Non-Service Entrance 100, 200, 300, 400, 600, 800
*Single Phase ATS's from 100-400 Amp have intelligent load management standard
To Calculate kW
120V 1g Amps x 120/1000 = kW
240V 1g Amps x 240/1000 = kW
208V 3p {Amps x 208 x 1.732 x PF) /1000 = k\w/
240V 3p {Amps x 240 x 1.732 x PF) /1000 = kW
T — 480V 3p {Amps x 480 x 1.732 x PF} /1000 = kW

+ Suggested concrete pad minimum thickness of 4“ with 6" overhang on all sides. Composite R
pad included with air-cooled products

ol 1,

Size

+ Consult manual for installation recommendations

+ Consult local authority having jurisdiction for local requirements.

Refer to Generator Sizing Instructions on other side of this sheet.

EATON CORPORATION www.eaton.com 9
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Selected Circuit Load Calculator

Generator Sizing Instructions:

There is nof a single comact sizing solution. Following are several mathods that, when mied with
good judgement, should resultin an appeopriately sized generator Remamber o consider kaad
growith, seasonality, and effects of starfing motors.

As municipalifies and states adopt the new 2017 NEC Bectrical Code, Thare may be new sizing
requiremants, spalled out in e code book, which the installation technician must follow. Alweys
check with the local inspection department o confirm which code cycle will affect your install.
Mewer add Amps when sizing a genaralor. Cormert Amps fo MW and add kKW o determine

Amps without propesty accounting for the power facior andior mixing voltages will result in
improperly sing e generaior.

'Wheen motors start, fey create a cument sunge that step lnads the peneraior and creates a voltage
dip. After seleciing a gererator, refarence the generabor's sunga capability using table 3. Veify
that voltage dip is adequale for the application. Mazt commencial applications should be imiiad fo
about 15% valage dip and residential appications should ba imited fo a 30% voltage dip.

Some applicafiors ulilize an uninterruplible power supply (UPS) to back up critical loads. Pleasa
read sizfing guide for this load type.

Cannect a recording ammeter or power meter that is capable of measuring the meximum pesi
W demand confinuously over a minimum 30 day period. The maximum kW demand shall be
takan whila The building is ocoupied and shallindude the langer of the heating or coaling loads.
The peaik KW demand shall be muliplied by 125%.
Peak kW demand X 125% = Calculated KW damand

Sizn the generator to the nesd standard size and verify UPS and motor load compatibility.

Existing Loads/Billing H Method  220.87 NEC 2017

Many customers hawe a ulility rate sinachurs that has a pask demand chare. Using a year's warth
of eliectric bills, size e ganarator 25% larger than the langest peak demand.

Verify motor and UPS load compaibiity. Pk Demand =

Project Layout

GENERAG
—

Load Summation Method

1) Enter runring KW for all mator loads (except the largest) expacted ba run during peak kad
levels into table 8. Refer io table 1 for typical motor load sizes and electrical requirements.

2) Entter KWW for all non-motor laads expectsr fo fun during pask load levels into tabile 9. Refer to
table 2 for typical residential loars and rules of umb.

3) Add e rurning mitor laad KM non-matar lnad B, and the starting KIN of the largest
matar .

Mirior e g bkl s Eergest mesor — W (. i
Nort-mor boad kot o W (. b
Starting b From rgest cycling motor o W (. b
Tolal dactrical loads: = W

Salect geremion: Commercial fadd 20 o 25% fo total kWY

Residertial (add 1010 20% ookl ki)

&) Confirm tha voltage dip is within acceptable Fmiés by comparing motor LRA o genarator sume
capahilty |see table #3).

5) Confirm LIPS compatbility (saa paga 11).
System Capacity — Load Calculation
I the local municipality o state you ane in has adopied the 2017 NEC Code, you may be requirad
o use this step. Aride TO2 of the 2017 MEC includes a new requirement for sizing (F02.4). no
oher method for sizing is acceptahle, Sizing of the generator shall be made in accordance with
Fuficke 220 of the NEC. The syshem capacity esfimaling sheet will guida you through this process.

SMM Load Control Modwle 7024 {B) (2) (a) NEC 2017

The: SMM Load Control Module i a 50 amp contact housed ina NEMA 3R endosure for
indoor and culdoor instaltation applications. Through the use of the SMM Modules in
conjunclion with any of the 100-600 amg Smart Swilches, household or business loads
can be intelligently managed enabling the use of a smaller, more efficient generator
system. Up to four SMM Modules can be used with a singhe switch.

Ball Park Estimates (Do not use for final sizing)

Estimale based on 60% service size: (commercial)

240 Volts, 1@: Ampsx.15= kW
208 Voits, 3 @: Amps .22 = L
240 Voitz, 3 &: Amps .25 = L
480 Voits, 3 &: Amps x50 = L
Estimale based on 40% service size; [residemtial)

240 Volts, 1@: Ampsx. 10 = kW
208 Volts, 3 @: Ampsx.15= kW
240 Voltz, 3 @: Ampsx 17 = kW
480 Voits, 3 &: Amps .3 = L

Estimate based on square footage

Fast food, comvenience stones, KW = 50 KW = 10 walts'sq ft

restaurants, grocery slores

Other commencial applications KW =30 KW = 5 watls/ag fL
Squarefootage=___ Ectmaled KW =

Amps to kW Rule of Thumb ;assumes &g

For 480 wolt systems Amps =kWx15

For 208 wolt systems Amps =kWx 15

For 240 wolt 3 @ systems Amps =kWx 3

For 240 wolt 1 @ systems Amps = kKW x 4
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System Capacity — Load Calculator

GENERAC
—

DIRECTIONS FOR NEC 2017, ARTICLE 220, PART IV
220.80 Optional Feeder and Service Load Calculations (RESIDENTIAL)

= Served by a single feader conductor (genaratar)
« 120/240 volt or 208%120 volt senice
= Ampacity of 100 amps or greatar
The calcultated load will be the résull of adding
+ 220.82 (B) General Loads, and
= 220.82 (C) Heating and Air-Condilioning Load

General Lighting and General-Uss Receptacies
- Calculate at 3 VA per square foot
« Usa exderior dimensions of the home fo calculate square Tootage — do net include open

porches, garages, or unused or unfinished spaces not adaptable for future use,

= Add 20-amp small appliance & laundry circuits @ 1500 VA each
Calculate the following loads at 100% of nameplate rating
= Appliances fastened in place, permanently connecied or located on a specilic carcuit
+ Ranges, wall-mounted ovens, counter-mountad cooking units
+ Clothes dryars nod connected to the laundry branch circuit
« Water heaters.
+ Permanently connectad modors. not included in Heat & Air-Conditioning Load saction

Include the largest of the following six selections (kWA load) in calculation
Air Conditioning and Coaling
= 100% of narmagplate rating
Heat Pumps Without Supplermental Elaciric Heating
= 100% of nameaplate rating
Heat Pumps With Supplemental Eleciric Heating
= 100% of nameplate rating of the heat pump compressor
+ 65% of nameplate rating of supplemental electric heating equipmant
— If compressor & supplemental heat cannot run at the same time
do not include the compressar
Electric Space Heating
= Less than 4 separately controdled units @ 65% of nameplate rating
= 4 or more separately controlled units @ 40% of nameplate rating
= 40% of nameplate rating if 4 or more separately controlled units
Electric Thermal Storage (or system where the load is expected to be
continucus at nameplate rating
+ 100% of nameaplate rating

+ Systems of this type cannol be calculaled under any other section of 220.82 (C).

NEC REFERENCE

220,82 (B)
220.82 (C)

220.82 (B) (1)

220.82 (B) (2)

220.82 (B) (3)
220.82 (B) (3)
220.82 (B) (3)
220.82 (B) (3)
220.82 (B) (3)

220.82 (B) (4)

220,82 (C) (1)
220.82(C) (2)

220.82 (C) (3)

220.82 (C) (4)
220.82 (C) (5)

220.82 (C) (6)




Worksheet — NEC 2017, 220 Part IV

Contractor Email
Phone Fax
Job Name
Date Location
Voltage (Circle) 2409 108 _
Fuel NG LRV
Elec. Service 100 Amp 200 Amp 400 Amp (Other
NET SOUARE FOOTAGE
GENERAL LOADS aty Rating (Load) |  Factor | Loads (vA) ﬁ‘m,
General Lighting and General Use Receplacles IVame 100%
Branch Circuits (1500 VA1)
Small Appliance Circuits (20 Amp) 1500 100%
Laundry Circuits 1500 100%
Fixed Appliances Full Current Rating
Wedl 100%
Sump Pump 100%
Freezer 100%
Microwave (Mot counter-top model) 100%
Disposal 100%
Dishwasher 100%
Range 100%
‘Wall-Mounted Oven 100%
(Counter-Mounted Cooking Surface 100%
‘Water Heater 100%
Clothes Dryer 100%
Garage Door Opener 100%
Septic Grinder 100%
Dther (list) 100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
Total General Loads VA kw
HEAT / A-C LOAD
A-C / Cooling Equipment 100%
Heat Pump
+ Gompressor (if not included as A-C) 100%
+ Supplemental Bleciric Heat 65%
Electnic Space Heating
+ Less than 4 separately controlled wnits 65%
+ 4 oF more separately controlled units 40%
System With Continuous Mameplate Load 100%
Largest Heat / A-C Load (VA) VA KW
GENERAL LOADS
+ 151 10 kW of General Loads 100% kW 100% ki
+ Remaining General Loads (kW) 40% kW 40% kW
CALCULATED GENERAL LOAD (kW) kW
LARGEST HEAT / A-C LOAD 100% kW kW

TOTAL CALCULATED LOAD (Met General Loads + Heal/A-C Load)

;LL
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