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HP Pinch Point: 316-300=16
HP Approach Point: 300-294=6

IP Pinch Point: 185-168=17
IP Approach Point: 168-162=6
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. FT N2 CcO2 H20 02 NO CcO SO2
Location Date 1 oc) [ (%] | 1%l | 1% | 1%l | (ppm] | [ppm] | (%]
GT11 Outlet 88.3.25 513.76| 74.70 | 3.44 6.59 15.26 o® 0100) (0X00)]
GT12 Outlet 513.53| 75.47 3.4 6. 15.35 o® (0X00)] 00
GTI3 Outlet | oo 5 0| 578 7462 342 | 655 | 539 | 0@ | 0@ | 00
GT14 Outlet 50150| 74.47 | 3.48 | 667 | 536 | 0@ | 00 | 00
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Theoriticalairrequired(Kg Ofai7
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. . Kg _ . . . Kg of air ~
(1, [ 171 4 )( Agj = Theoritical air required ( Kgof fuel )x EA Y-y
mﬂuegas = mair + m_fuel = (mﬂuegas /m_fuel )( %g) = 1 + (mair /mﬁtel )( %g) v-v

Db ge aibgs (F-V) alaly Gully (58 axly sl (5550 45515
M o X LHV  with sensibleheat + 1 x (hy, o 1,,,,,, =My o5 c)

-y
)+ Power + Loss

= n‘/lﬂ”egas X (hﬂuegas at Topaust hﬂuegas at25°C
ST e S 3T ol e g oline e 3 55 S0l o (551 e s
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Gas Temp. 02 Ex.air EAY M,/ Miyel | Mpyegas/Megel | Lamp, | POWer mlp,,el mzp,,el Error’
analysis | (°C) % % (Kg/Kg) | (Kg/Kg) | (°C) | KW |(Kg/Sec)|(Kg/Sec)| %
8G8°;"1215 513.8 | 15.26 | 265.7 | 3.66| 57.6 | 58.59 [30.5|88500| 6.4 | 5.84 |-9.7
88.3.25 | 513 5| 15.35|271.7|3.72| 58.5 | 59.53 |37.9|90150| 6.5 | 5.88 |..
GT12 11.4
88.3.26 | 517 1| 15.39|274.6|3.75| 59.0 | 59.99 |35.4|98000| 6.7 | 6.00 |.._
e . . \ . . . . . . o
88.3.26

o | 521.6(15.36 [ 272.5|3.72 | 58.7 | 59.66 |35.4]97250| 6.7 | 6.12 [-9.9
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3 * EI”I”OF% = ((mmonitoring - mCalculatiun )/mmanitoring )X ]00
4. EA=1+Ex. Air/100
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Gas 02 | Exair | o, |Mu/Mua| mpa | M
analysis % % (Kg/Kg) | (Kg/Sec) | (Kg/Sec)
225 115,26 [ 265.7 | 3.66 | 57.6 | 6.4 | 369
8(8;'%1225 15.35|271.7 [3.72 | 58.5 | 6.5 | 380
sgiff 15.39 | 274.6 [ 3.75| 59.0 | 6.7 | 395
83.%1246 15.36 | 272.5|3.72| 58.7 | 6.7 | 393
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. (K _ . . . Kg of air : K/ _
mair( %ec) = Theoritical air required ( Ag of fuel)XEAxmel( gSec) (Y-v)
389 A8
ity = Sec -6 64Q
Jue Kg of air " Sec
15.75( KgOfFueZJX3'72

(5.88— 6.64)

Error% = x100=-12.9%
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. Measurement Monitoring

Location

m’/h Ton/h Ton/h
High Pressure Feedwater Flow to HRSG11 166.47 155.65 152.6
Medium Pressure Feedwater Flow to HRSG11 44.84 41.7 41.54
High Pressure Feedwater Flow to HRSG12 164.52 153.5 152.4
Medium Pressure Feedwater Flow to HRSG12 47.32 43.9 44.46
Condensate Flow ( to HRSG11 Dearators) 2.8 199.52 | 212.65
Condensate Flow ( to HRSG12 Dearators) 206.78 201.5 201.42
CCCW Flow (Unit 1) 534.9 | 53062 -
High Pressure Feedwater Flow to HRSG21 161.4 49.8 159.12
Medium Pressure Feedwater Flow to HRSG21 45.99 42.5 48.17
High Pressure Feedwater Flow to HRSG22 156.7 uUs5.7 160
Medium Pressure Feedwater Flow to HRSG22 48.57 44.9 46.7
Condensate Flow ( to HRSG21 Dearators) 2002 196 185.9
Condensate Flow ( to HRSG22 Dearators) 203.99 199.7 20.5
CCCW Flow (Unit 2) 536.7 532.9 -

.0)‘.) Nt 6)3 o)‘;)u‘ 9 L)’“"L’ SleMs| O ‘SJLQH)JLLQ b)‘a.o)‘ LS‘”" o S ua?h.u.ﬂ as Q}f)w
1ly y2 4335 Oy sl oy A5lse olsl
Condensate FIow ,, yrsc poaraors = (H.P. Feed water flow + I.P. feed water flow),, ;rsc

Measurement for HRSGI11 :  199.52=155.65+41.7=197.35
Monitoring for HRSGI11 :  212.65# 152.6+41.54=194.14

Measurement for HRSG12 :  201.5 = 153.5+43.9=197.4
Monitoring for HRSG12 :  201.42=152.4+44.46=196.86

Measurement for HRSG21 :  196.0 = 149.8+42.5=192.3
Monitoring for HRSG21 :  185.9 #159.12+48.17=207.29
Measurement for HRSG22 :  199.7 = 145.7+44.9=190.6
Monitoring for HRSG22 :  209.5 =160.0+46.7=206.7
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mBlow Down” = Myeswater — Moutter Steam

For IP Stream : iy, 5., = 23.89-22.15= 1.74§—g = BlowDown% =7.3%
ec

For HP Stream: my,,, ,,., = 84.71-91.47 = —6.76§—g
ec

measurement = 4.7 x100=1.17%
(199.52 +201.5)

b b oo Ol ologh 5l jelate ¥

il Yoty e (6l oy aslse ulul

mBlowDawn = mlnlet Water mOutlet Steam

For IP Stream: 1, .., =26.36-24.21= 2.15§—g =  Blow Down% =8.16%
ec
. Kg
For HP Stream: my,, ., =88.65-93.36 =—4.71—
Sec
4.5
measurement =——  x 100 = 1.14%
(196 +199.7)
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S5 susly Joud L6 Heat Rate (pusi g oolhb byl 51 Syl Je Judoxs N -)-F

1wl 00505 uad G,k 90 4 558 slaaxly Jou8 L Heat Rate )55 51 5w ol o

Heat Rate ,, b co o 56 ,g56:cTA -\

Unitl: LF = 89.74%—2="2"1 Fuel Flow=92% = C,, ., rur = 1.025
Unit2: LF = 98%—2"-=" Fuel Flow=99% = C =1.01

Load Factor

Heat Rate P 090 LgLno 9 .Ia..:m LQL"‘B )...’L’ )55@ .cTA -y

T, = measured Exhaust Temp.

T, = Exhaust gas temperature at base load

(r,=s513C o ——
Unit] : = AT=-19°C,T,, =3I'C —==2 5 C =1.018
T, =532C

‘ T,=515C . . K 12
Unit2 : = AT=-17°C,T,, =300C ———— C,,=1.0136
T, =532°C

Heat Rate ,, o y5 <oy 236,556 C -y

requency

Unitl : Measured Frequency = 50.076Hz —=—-=13_ C,=1.001

Unit2 : Measured Frequency = 50.01Hz —=-=2 C, =1.000

Heat Rate ,; e cogb, 56 ,e56: Cpy, -F

Performance test: RH.=42.5% —==22 s HR. = 11253Kj/KWh c 0,096
: = =0.
Unitl: RH.=13% —==22 5 (I R.= 11209Kj/KWh i
Performance test: RH.=42.5% —=<22 s H R = 11253Kj/KWh C o 0.09
: = =0.
Unitl: RH.=11% —==22 5 (I R = 1121 2Kj/KWh e

J9—w S A aS glea jo jlis i) Jols jlas cél Wl s ogs atiie 4 az g bl S a4y 65y
Ll ys 4y o o8ly Ll 53 (99300 )5 5 atygd 5145 @090 0 sLad a1 5 (0550 5

o ol b gl oo a3 )5 s o Heat rate 5 556 o0 ol b (o0

1 . Back pressure
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otz el S 33 Jolse 5 Koy guema 53 o palols bl olS's s o ;52516
Unitl: Correction Factor =1.025x1.018x 1.001x0.996 = .04
Unit2: Correction Factor=1.01x1.0136 x 1.0x0.996 = 1.03

b ol gl o9, sl Jgud 1 Heat rate 13 4
Unitl: Acceptable Heat Rate = 1.04 x 11253 = 11703Kj/KWh
Unit2: Acceptable Heat Rate =1.03x 11253 =11590Kj/KWh

VJgame slaasly an cad (oS 5 IS ¥ Jgde (655 slaasls a5 sas o lis sl s 4 gl

Heat Rate ;o5 Sy anasg Lgoogs s, s 0, 5kee (6l)ls a5 590 ol5g 5 oS 5 IS

Jo— Ll Heat rate ay 5.5 ojlil gloj ;5 o555 (s 5 Sl ¥ 5V soo a2 bsu o 5315 sloaly
53,5 o Db csbe (oS 5 S o8 5,5 (635 slaaly o Slas S job a5 conel s

g, 535 sloaxly giludon 5l Jol> sla loges 5l eolaiul :pgn g,

Heat Rate , b oo 56 ,e56:Chp -)
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Heat Rate ,; oo slos 156,456 :Cqr Y

Ambienttemperature at baseload = 31" C

Unitl: T, =31'C—==<21 5 C =]
Unit2: T, e = 30°C—L2220 5 C - =0.997

Heat Rate ,; oo Cogbo, 56,456 Cpyy Y
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Unitl: Correction Factor =1.03x1x0.996 = 1.03
Unit2: Correction Factor=1.01x0.997 x0.996 = 1.003

b ol plp oy, sl Jgud 1 Heat rate 13 4
Unitl: Acceptable Heat Rate = 1.03x 11253 = 11590Kj/KWh
Unit2: Acceptable Heat Rate = 1.003x 11253 = 11287Kj/KWh
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Ambient temperature at baseload = 31° C
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(KW), oS 5 S 256 g 289457 311773 317105
(Kw) (Per GT) 35 iys @B oyl 99701 110133 112639
P OOV IS S-S TRV - v/ 4/0
(Ki/Kwh) LHV) oS 5 S 5 25 7520 7510 7508
LHV) 55 IS sbeadl, 47.87 47.94 47.95
(KilKwh) (LHV) 658 55 5yl # 5 11210 10899 10832
LHV) 5 oo ye8 ot 32.11% 33.03% 33.23%
(K/s) cégu , o 6.778 7.279 7.399
(Ka/s) (per GT)T, o 0 2.13 2.63
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Water consumption in fogger = 5.26Kg/Sec = 18.94ton/hr

KWh . 18.041°" _ 50.36KW

ton hr

Energy consumption = 2.66

Increased power production = 317105 — 289457 = 27648KW
Increased fuel consumption =7.399x2 —6.778x 2 = 1.242Kg/Sec = 1.663Nm’ /Sec

Saving with subsidy = 27648 x 49.694 —1.663x3600x 29.28 = 1.199 x 10° Rial/hour
mounth

x4 _ 5047 x 10° R4
mounth year year

_ 1199 o Rial  hour 4, day

hour day

Saving with out subsidy = 27648 x 770 —1.663x 3600 x 690 = 17.99x 10° Rial/hour
mounth

x4 = 851 10° Ridl
mounth year year

_ 17,99 190 Rial 4 hour 5, _day

hour day
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Pay back with subsidy = 17x 10° /594.7x 10° = 28.6years

Payback without subsidy = 17x10° /851x10° = 2years

S s 1 00l (655351 3BT ¥-F-1-0

ars ol 4 28,5 plowl )lSe 5l g 45 (S5 S 0l5 5 S sl (53,557 LT 5o
DVFLsls 1) (65,551 DB e ytun i alaizme 5 Sk Jhgr IS G yo5 45 didems,

e 45 CBF ameti g ol &) |, S 5 S 0ol S sl 65,8 5IUT (gl Wlie o T zmalis
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SIS Sl 5 oS5 S 51t ST g e 5 56 33 JUb o3 5,551 s sl ol
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Reference: 1.013 bar, 25 C, water as vapor.

PLANT EXERGY ANALYSIS
Remark Unit with out fog With fog
Exergy In kW 508244 567131
Fuel exergy kW 625192 684451
Ambient air exergy kW -7681 -8057
Condenser cooling air in kW -109266 -109264
Exergy Out kW 197946 228107
Net electric output kW 288403 317105
Condenser cooling air out kW -97675 -96982
Exergy of heat rejection Q1 kW 3772 3515
Stack gas exergy kw 3445 4469
Exergy Loss kW | 310299(61.05%) | 339024 (59.78%)
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GAS TURBINE EXERGY ANALYSIS - SIE 701 D (each of 2 GT's)

Remark Unit with out fog With fog
Exergy In kW 308311 337707
GT fuel exergy @ combustor kw 312596 342226
Air exergy @ compressor inlet kw -4285 -4518
Exergy Out kW 185047 201328
GT electric output kw 99218 112639
GT exhaust exergy kw 83943 86931
Exergy of heat rejection Q1 kW 1886.1 1757.4
Exergy Loss kW 123264 (39.98%) | 136380 (40.38%)
GT combustor exergy loss kw 101668 112802
GT compressor and turbine exergy loss | kW 19343 21162
Mechanical/electrical/gear loss kW 2253 2415.7
* Air starts at compressor inlet and fuel at combustor.
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31 0 0.0 47.82 | 13.52 | 296233 - - - -
28 564 176.3 47.79|13.75 300963 (100,908,388 3,345 33.15 2.33
25 1140 356.3 47.76 | 13.97 305754 (203,180,338 6,690 32.93 2.31
22 1728.4 540.1 47.74 | 14.20 | 310608 (306,725,167 8,394 27.37 1.92
19 2329.6 728.0 47.71 | 14.44 315514 (411,271,745 9,372 22.79 1.60
16 2944 .1 920.1 47.66 | 14.67 | 320406 (515,333,268 11,334 21.99 1.55
13 3569 1115.3 47.64 | 14.90 325253 (618,705,560 13,500 21.82 1.53
10 4205 1314.1 |47.53|15.13 | 329491 (707,207,063 15,252 21.57 1.52
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Parameter Unit Quantity
Average Capacity TR 1300
Flow Rate GPM 2755
Chilled Water No. of Pass Eva. - 1
Pressure Drop Ft.W 40
Nozzle Size Inch 12
Flow Rate GPM 4592
No. of | Abs. - 2
Cooling Water Pass Con. - 1
Pressure Drop Ft.W 15
Nozzle Size Inch 14
Consumption Ib/h 21468
No. of Pass - 1
Steam
Nozzle Size It 10
Inch 3
Solution Pump Kw 11
. Refrigerant Pump Kw 3.7
Electrical Supply Vacuum Pump Kw 0.6
Total Kw 15.3
Operating Weight Kg 35874
O N [ RNV T RERIEN TN
1. Chilled Water Temperature 54 °F 44 °F
2. Cooling Water Temperature 80 °F 100 °F

3. Steam Pressure 9 psig
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Cooling Water (per chiller)=4592GPM=1252.5m’/h
Waste Water=1252.5%0.02x4=100.2 m’/h=27.83kg/s
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Increased power production = 334160 —296233 =37927KW
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Increased power =37927 —20000 =17927KW
Increased fuel consumption =7.589x 2 —6.76 x 2 =1.66Kg/Sec = 2.27Nm’ /Sec

Saving with subsidy = 17927 x 49.694 — 2.27 x 3600 x 29.28 = 0.65x 10° Rial/hour
day mounth s Rial

o Rial 4 31 x 4 =323x10
hour day mounth year year

hour
X

=0.65x10

Saving with out subsidy =17927x770—2.27x3600x 690 = 8.15x 10° Rial/hour

— 8 15x10° Rzalx4hour><31 day ><4m0unth :4.04><]09Rl—al

hour day mounth year year

O+« $/ton of capacity ses > wiuaw ol Gl oY (6,05 Gl odal Joms Sl 4 axg5 b
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Investment cost =
500 b %10000 9L o 5 745107 BTU/ x L.ltonof capacity _ ¢ 3. 10° Rial
ton of capacity $ " 12000BT % .

Pay back with subsidy = 26.3x10° /0.323x 10° = 81years

Payback without subsidy =26.3x10°/8.15x10° =3.23years
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Motor Power Consumption Vs. Speed
Fans and Pumps
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MT.R. for FWP1 = =59%
1168 + 284
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