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56920954: MAIJOR: ENERGY AND ENVIRONMENT MANAGEMENT; M.ENG.
(ENERGY AND ENVIRONMENT MANAGMENT)
KEYWORD: CO-GENERATION/IRREVERSIBILITY/ ENERGY EFFICIENCY/ EXERGY
EFFICIENCY/ ECONOMIC COST BENEFIT
RAWINWAT CHOMPOO: ANALYSIS OF THE POTENTIAL ENERGY AND
ECONOMIC COST BENEFIT OF 27MWe CO-GENERATION POWER PLANT IN THE
PETROCHEMICAL INDUSTRY. ADVISORSY COMMITTEE: PRAMOTE LAIPRADIT,

Ph.D., 57 P. 2016.

This research analyzed the potential and energy efficiency of the 27 MWe Co-
generation power plant for IRPC Public Co., Ltd. which produces electricity and steam to be used
in manufacturing processes of the petrochemical industry. It can be altered to three manufacturing
models; the production of electricity and steam, the production of the steam only, and the
production of electricity only. This research compared energy efficiency following the first law of
the thermodynamics between each manufacturing model and exergy efficiency following the
second law of the thermodynamics, and evaluate the economic of the process.

The results of the energy consumption of each device found in the boiler showed that
the highest irreversible energy is at 55.86%. As for the production of only steam model, it has the
maximum energy efficiency of 71.76%, the highest exergy efficiency of 28.08%, the lowest cost
of steam of 1,175.66 Baht /Ton-steam, and the highest effective utilization of produce of 92.81%.
The information analyzed from the potential energy can be used to consider a device which need

to be improved and chose the optimum production model .
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1. MIUATICVNAIY (Energy analysis)
1.1 uAanadU (Energy balance)
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Ei = EO + Eaccumulation (2-1)
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= wasnuazaumeluszuy
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AH = q, (2-3)

o g ) 2 1 d g o ° <
punatlduiansuued E, P, v damanilulanduvesaniuy vl AH G

WansuuesdIuzale weszuuimsdeunlasanzannio@euanns laasaunsn 2-4
AH = AU+ A(PV) (2-4)
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W30 feaumsi 2-7
AH;, = AH, + AH, 2-7)
1.3 dsz@nsnwounall (Enthalpy efficiency, 1))

Y A = 4 a Jd o A
muﬂ;]"llfmHuﬂﬂlamﬂﬂﬂuulﬂuiuﬂﬁ ANEUNITN 2-8
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% ng = x 100%

A @ { i
P5uranasnuniewsn

__ enthalpy output
- T enthalpy input
2. MIIATLHDNIYDTD (Exergy analysis)

x100% (2-8)
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Tunszurumsgannuiou szuvvzganauanuiousinaunadon v luana
2 Y A dyy X2 o g9 a < a X a
yosaunadeunaoui laeniu shldszuulianuiluszibevgaunaziounsilves
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[
a a2
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welimsuaeuudasanizain 1 lihilu 2 meldgaungiingd awnso@ewiu
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AUMT I AIFUNITN 2-9
AS ES Sz - Sl == % (2_9)
Taof AS Ao malasunaseu Inst lunszurumsdunduli'ld
{ 3 J.
2.2 malasunlasdniaeie (Exergy change: AE)
a I A I I A ~ Yo A

NNUNUDNFDIINI 1DNFBITOAD NUNEINTD lasuINTzUL Tnensalaued

ad Y < & = I Y o A
Qmﬂguﬁ%n@aﬂmﬂun1ﬁii1u G]f\?ﬁ’liJ’ljﬂlﬂJﬂULﬂUﬁiJﬂ']ihl@ ANAUNITN 2-10

Ae = AH — T,AS (2-10)

I A

) [ I
’c’fﬂ’ii‘]_lﬁllﬂmﬁlﬂlcliﬁliﬂ o
< o’dti'ﬁl Y 1 < I A <3 = =y
mm%samﬂeumqiwu = L@ﬂl%@iﬂﬂqﬂaﬂﬂﬂmﬂizﬂﬂ + IONIYDTUG LAY
I I A o A 9 o n Y
+ L’e)ﬂL"]i’e)ﬁfJ'VIQﬂ'VHEﬂfJLL!’eNmﬂﬂﬁﬂ@uﬂﬁ‘ullullﬂ

W30 Avaumsi 2-11
Y exergy input = X exergy output + X exergy stored + irreversibility  (2-11)

@ Aa Y = @ 2 . e 1w A ) . vy g
TaonasnunumMs ¥ onNa Ui N availability AN IUNL U irreversibility
A o Ay ot o o Y
Aowasu liensorunau 14
Aa A I I .

2.3 Uszansnmdniwose (Exergy efficiency, Ne)

Y o A
ﬁ'lll'lﬁﬂ“l’i'lhlﬂ AFUNITIN 2-12

Bnwesonldsy ol

%n, = x 100%

I I A Y, 9
Lﬂﬂl“]fﬁ)iﬂ‘ﬂ‘ﬂﬁ]u!.‘lﬂ

exergy output
= ——————x100% (2-12)
Y exergy input
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A Aq Y o a a 3 I < 1 4
AT NN 2-1 ﬁ'iJﬂﬁ“I/lﬁlfb'nluﬂﬁﬂ"lu’mlﬂ3$ﬁ'ﬂ‘ﬁﬂ1W‘llfJ\1LE]ﬂL“])"f)'§fJ !Lﬂﬂlﬂu!tﬂﬁ%@ﬂﬂﬁﬂl

Diagram Exergy efficiency, %1,
. 1 Air Steam E6 - Es
Boiler s N e %N, = — - - : (2-13)
: (E1 +E) — (Es + Ey)
1
Steam
Turbi P/ W (2-14)
urbine 4 0Ne = —= ; : -
_ (E; — E; — E3)
Eg{:;f" condensate
2
3
De-superheater E;
%N, = — - (2-15)
(Mixing Unit) (E,+Ey)
3
\'ﬁulld
Condenser . .
Condensate team E - E
(Heat 2 N %o = ———+ (2-16)
E; —E,
Exchanger) ot

Water

U [ [
3. @aullsenouveudniess (Exergy component)

a ] P )
N1FAUATICUDNIBDIYINIVT-DDNIINTSUU

g= ePH 4 KN 4 ¢PT 4 CH 2-17)



14

< I ¥
E = 1DNYDTYVDIVNTSUU

PH

I o o
N = IPNWOTIVOINAINUNNMENIN (Physical exergy)

KN

] dt % L4 . .
& = 1IMNEDTIVDINAINUIAY (Kinetic exergy)

<3 J. o o d .
SPT = 1DNFDTIVOINANUANY (Potential exergy)

I o o
eCH _ Sniastuoandsaunil (Chemical exeray)

9 a ~Aq Y a o’dy 1a =] I @ v (%
maﬁuwgmﬂﬂums’smswwu ﬁ]%vlﬂﬂ@f’ﬂmﬂlﬁ]ﬁ]ﬁﬂm@\ﬁ/‘laQQTHﬁﬂﬂLLﬁ%‘WE‘NQ"I‘L!

s A = a A = [
a1 HeenMsSeuney NosaNgnsAeINy

< 7 o @ o PT
DNLEDIYIVDINANNIUANY & =gz
o . o P 1
mnmaiﬁmmwmmmau EKN = EVZ

1< I [ . PH
3.1 1ONFDFIVDINAINTUNINENIN (Physical exergy), €

ePH —(h—h,) —T,(s —s,) (2-18)

%

h, = Laum“ﬂﬁﬁmmwﬁamammé’eu
o

S, = LauTm’?Jﬁﬁmamnﬂﬁ’au
o

T, = guvgiNan1zadon
I o o
3.2 Bwe3sveandaeuall (Chemical exergy), € H

I 4 a
Wuasdsznovussmsusy lalasou sandauuaz lulasmu au1som

] I dy a Yo =
ANDNIED TIUDIUBDINAN ll@ﬂ\‘]’m\lﬂﬁ‘ﬂ 2-19

& = LHV (1.0438 + 0.0013% + 0.1083% + 0.0549 %) + 6740 S (2-19)

LHV = séim’gm%'aw%ﬁmau%mwﬁq (kJ/kg Fuel)
C= ﬁmﬂﬁmu@iax%mwﬁﬂﬂﬂma (kJ/kg Fuel)
H= ﬁmllaimmmimsﬁmwﬁqTﬂﬂma (kJ/kg Fuel)
0= 15m@@ﬂéﬁmusﬁimsﬁmwaﬂmma (kJ/kg Fuel)
N= mﬁ]‘luimmu@im%mwaﬂﬂﬂma (kJ/kg Fuel)

o/ ! &’ a
s = sgFanlosaoremaslaonuia (ki/kg Fuel)
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ES A =] I A =2 o 4 o 1 =Y =
NATTIUUUAD ANDNDTE NUONDIANINIWIUMTTFNNUYDINGINULATZFUA B9
Ao ¥ a <3 o
Tuaatoteg 195 msdseludunuiuudnesess (Exergy cost benefit model)
A 9 < s Y o A 1 qu1 Aa X ) P
Mslszudunuuuuensess dosihmsdsziiua lsneinayunnldgingal
WsomMsauiumIan q Iaemmualdeglusdvessimaentitenal simaentiienaau
HAZANEINUABYHIBNAT LazABIMHUATILIANTMIIIENIALaT N N Uie 11ina

o 9 a PEEPN 3 [ 4
mmﬂmmuuazQﬂmﬂuwami’smﬂzwﬁmﬁu LLﬁﬂ\?ﬂQﬂ1Wﬁ 2-4

Effluents

Es .C3

Fuel, Air, HP Steam

Water . E,,m

- Boiler 2
E:.c

Generator

2, 2 -
NN 2-4 YBUWAYDINIDIBINYIAT AL DONIINTLVY
o ' K
9n51A11%918 (Bath/hr)
C=Epxcy, (2-20)

110 Cp= 1NN UIINAIU (Bath/k])

Ep = amdsnuaentizona (ki/hr)
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A Aq Y A v < I < ' 4
AT NN 2-2 ﬁ'JJﬂﬁ“I/Iﬁlfb'nluﬂ'lﬁﬂigmuﬁuﬂquwﬂ‘uLf)ﬂl“]f@iﬂ LLEJﬂL‘]JULLG]ﬁ%Q‘]Jﬂﬁm

Diagram Exergy cost rate

Ey .G
PR Effluents

/ Es .C5
Fuel _.,E' 1 /

Boiler e Eeo o Boiler | g G4 Cs+Cp=C 4+ C+CG+Z (2:21)

Water Es 5

Turbine C,+C,=C+2Z (2-22)

a g 3 I W ~
ﬂ13ﬂ§$Liluﬁunulluut@ﬂ!“]fﬂﬁﬂ ANTUNITN 2-23
Eptot = Ertor + Zigr + Zint (2-23)

d’ . v 9 a a =
W0 Epror = 90510 UNUIINIUMIHAAVDITZVY (VIN/IUTN)
. [ 9 dy a a =\
Ep tor = 0ATIAUNUTINVOUFDINAL (LINAUN)
'CI [ Y d’ [ a S
Ziot = BATIAUNUIINUDUNTONING WImAUIN)

70M & Y ' o A o @ A ~
Ztot = 0ATIAUNUIINVDIMAUUUNTULAZVIZITNB (UINAAUMN)

d v d oye .
MsanszridssanswamslI¥lselevil (Utilization Factor, UF)
mMyaszrims 1gse Teand (Utilization) Ao mitaanuiidszaninamsly
P o A a yy IR TR v 2 o ) Y Y
sz Teminnninensingala viinania ldidessz s nminens lagnldedia luguen

HazdIHaNIENUAONAADUUNUMIAINU TUNTNINTAINA

, . wannaith 191z Tomiasg
Uszansnams 1yl Tead = ” (2-24)

o a 9
Maamsnan la
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A1nToumaHITUINA

HHViatural gas = 46,707 kl/kg

LHVatural gas = 42,141 ki/kg
3152 NOUUBIMHTITUIA

C=66.03%, H=19.63%, N =2.98%, O=11.36%, S=0%
QUYL INIAB19D

T, = 25°C
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Natural
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3 é: Electrical
Feed water
Transformer
l@ eeeeeeee
Blowdown
ondensate l
Aux. system
l Extraction steam
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T P m
No. Description
°C barG kg/hr

1 Make up feed water 208.0 121.0 86,400
2 Condensate return 208.0 121.0 65,600
3 Boiler feed water 208.0 121.0 152,000
4 Natural gas 24.3 27.2 9,531
5 Blowdown water 326.0 122.0 5,000
6 Flue gas 134.5 ATM 147,867
7 Steam outlet 514.0 112.2 132,000
8 Steam support for boiler 514.0 112.2 15,000
9 Steam inlet to turbine 505.0 110.0 132,000
10 Extraction steam 26 bar 240.0 25.7 25,700
11 Steam to dereator 202.0 7.4 10,500
12 Steam to aux. system 333.0 26.5 22,500
13 Condensate to flash tank 90.0 2.3 7,700
14 Steam to condenser 45.4 0.068 65,600
15 Steam inlet to condenser 45.2 0.068 65,600
16  Cooling water inlet 33.0 3.6 3,852,000
17 Cooling water outlet 41.8 3.0 3,852,000
18 Condensate for make up 44.0 0.095 65,600
19 Gross electrical 27,000 kWh

20  Net electrical 26,200 kWh

21 Boiler casing temperature 55.0 - -
22 Turbine casing temperature 60.0 - -
23 Condenser casing temperature 37.6 - -
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T P m
No. Description

°C barG kg/hr
1 Natural gas 243 272 9,531
2 Boiler feed water 208.0 121.0 152,000
3 Blowdown water 326.0 122.0 5,000
4 Flue gas 134.5 ATM 147,867
5 Steam outlet 514.0 112.2 132,000
6 Steam support for boiler 514.0 112.2 15,000
7 Main steam outlet 505.0 110.0 132,000
8 Water spray 194.0 149.0 4,200
9 Process steam 352.0 44.9 136,200
10 De-superheater casing temperature 75.0 - -




9

3. Yoyanszurumswan nuuwan Iiihed1uden

24

o
@ Tarstormer
\@
A 3-4 uaudanszuaumandn uouraa lufhedue
A13197 35 doyanszurumnan uuuran lihedaen
T P m
No. Description
°C barG kg/hr
1 Make up feed water 208.0 121.0 86,400
2 Condensate return 208.0 121.0 65,600
3 Boiler feed water 208.0 121.0 152,000
4 Natural gas 243 27.2 9,531
5 Blowdown water 326.0 122.0 5,000
6 Flue gas 134.5 ATM 147,867
7 Steam outlet 514.0 112.2 132,000
8 Steam support for boiler 514.0 112.2 15,000
9 Steam inlet to turbine 505.0 110.0 132,000
10 Steam to dereator 202.0 7.4 10,500
11 Steam to aux. system 333.0 26.5 22,500
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T P m
No. Description
°C barG kg/hr
12 Condensate to flash tank 90.0 2.3 7,700
13 Steam to condenser 45.4 0.068 91,300
14 Steam inlet to condenser 452 0.068 65,600
15 Cooling water inlet 33.0 3.6 3,852,000
16 Cooling water outlet 41.8 3.0 3,852,000
17 Condensate return for make up 44.0 0.095 65,600
18 Gross electrical 27,000 kWh
19 Net electrical 26,200 kWh
20 Boiler casing temperature 55.0 - -
21 Turbine casing temperature 60.0 - -
22 Condenser casing temperature 41.7 - -
4. FoyasIMAUNU
M31971 3-6 Toyaimdunu
foya W i lg
MYFITUIA Baht/kg 15.38
ih VIN/m’ 50
MAUTUMIUAZINGITAHN 11N/1ADY 1,838,000

i1ﬂ1!ﬂ%@\1§lﬂii’n]

UM

1,200,000,000
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sasmlihfige Tuihonns Wfhdaugiing Usznniomsvunaluy @.1.2) 3
AAAIN s IWAgega = 74.14 BahtkW taznaaa1nu 1924 Peak = 3.5982 Baht/kWh,
%39 Off-Peak = 2.1572 Baht/kWh

MIIAHINANAANAINY

Point 1) boiler feed water

Point 2) natural gas

Point 3) steam outlet to turbine
Point 4) steam support for boiler
Point 5) blowdown water

Point 6) flue gas

Point 7) other loss

Point 8) irreversibility

ounall

Input

D Hyoiter feed water = 11 X g

=152,000 x 892.47 =135.66 x 10° kJ/h

2) Hyaturalgas = Mg X hy

=9,531 x 46,707 =445.16x 10° kJ/h
Output

3) Hyteam outlet to turbine = 113 X R3

=132,000 x 3,396.73 =448.37 x 10° kJ/h
4) Hsteam support for boiler = m4 X h4-
=15,000 x 3,396.73 =50.95 x 10° kl/h
5) Hblowdown water — mS X h5
=5,000x 2,681.69 =13.41 x 10° kl/h
6) Hﬂuegas = Mg X Cp,flue gas X AT
=147,867 x 1.023 x (148-25) =18.61 x 10° kl/h
7) 2:Hinput = 2Houtput + Hloss
H, . = (135.66+445.16)-(448.37+50.95+13.41+18.61)) x 10’
=49.48 x 10" kJ/h



st
Input
D Epoiler feed water = M1 X (R — (T X 51))
= 152,000 x (892.47-(298 x 2.3892))
=27.43x 10°kJ/h
2) Enatural gas = Mz X LHV (1.0438 +0.0013 % +0.1083 % +0.0549 %) +6740S
19.63

=9,531x (42,141 x (1.0438 + 0.0013 (22 1 0.1083 (222) +

66.03 66.03
2.98

0.0549 (22 + 6740(0)))
= 485.42x 10° kJ/h
Output
3) Esteam outlet to turbine = M3z X (h3 — (T, X s3))
= 132,000 x (3,396.73 -(298 x 6.5783))
= 189.60 x 10° kJ/h
4) Esteam support for boiler = my X (hy = (To X s4))
= 15,000 x (3,396.73 -(298 x 6.5783))
=21.55x 10°kJ/h
5) Eplowdown water = Mts X (hs — (T, X S5))
= 5,000 x (2,681.69 -(298 x 5.4829))
=5.24x10°kJ/h

ToH,
6) Sﬂuegas = He —ToAS = Hg— ( 07.66)
298 x 18.61)

= 18.61 x106—(
421

=5.44x 10" kJ/h
T HOSS
7) €loss = Hioss — ToAS = Hjpes — (L)

298 x 49.48 x 10° )

=49.48 x 10" — (
328

=4.53x 10 kJ/h
8) irreversibility = Z€input — ZE€output — Z€loss
=((27.43 +485.42) - (189.60 + 21.55 + 5.24 + 5.44) - 4.53) x 10°

=286.50 x 10°kJ/h

27
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M130 3-7 auganasnuveanszuIumanaa lwihuaz levh dauniferi (Boiler)

T m h s H S %
°C kg/h kl/kg Kl/kgk) x10°kJ/h x10°kI/h H
boiler feed water 208.0 121.0 152,000 892.47 2.3892 135.66 27.43 23.36 535
Input
natural gas 24.3 27.2 9,531  46,707.00 445.16 485.42 76.64 94.65
19152 Toami  steam outlet to turbine 514.0 1122 132,000  3,396.73 6.5783 44837 189.60 77.20 36.97
1 steam support for boiler 514.0 112.2 15,000  3,396.73 6.5783 50.95 21.55 8.77 4.20
blowdown water 326.0 122.0 5000  2,681.69 5.4829 13.41 5.4 2.31 1.02
Output
. flue gas 134.5 18.61 5.44 3.20 1.06
gLde
other loss 49.48 4.53 8.52 0.88
irreversibility = 286.50 55.86
Aa a o a a I~ o
szansamwounall szansmnen sy
o 448.37 + 50.95 1009 o 189.60 + 21.55 1009
= — X = — X
°TE = 135.66 + 445.16 0 0T = 3743 1 485.42 °
=77.20% =36.97%

8¢
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A13197 3-8 ﬁw@awamummmzmumiwaﬂllw‘ﬂmax‘lam mum‘%mmmﬂ1w%1ﬁwuuﬁ’amﬂ%aﬂwu%m (Turbogenerator)
T P m h s H S %
°C bar kg/h kl/kg Kl/(kgk) x10°kI/h x10°kJh H
Input steam inlet to turbine 505.0 1100 132,000  3,375.78 6.5599 445.60 187.56 100 100
extraction steam (26 bar) 240.0 25.7 25,700  2,848.59 6.3369 73.21 24.68 16.43 13.16
154)52 Tgai  steam to deaerator 202.0 7.4 10,500  2,847.62 6.8686 29.90 8.41 6.71 4.48
& steam to AUX system 333.0 26.5 22,500  3,084.20 6.7472 69.39 24.15 15.57 12.88
Generator (26.2 MWe) 94.32
Output
condensate to flash tank 90 2.3 7,700 377.09 1.1925 2.90 0.17 0.65 0.09
. steam to condenser 454 0.068 65,600  2,584.10 8.3271 169.52 6.73 38.04 3.59
LEIGL
other loss 6.36 0.67 1.43 0.36
irreversibility = 28.44 15.16
a a Y] A A 1< o
szansamweunall szansmnensase
o 73.21 + 29.90 + 69.39 100% o 24.68 + 8.41 + 24.15 100%
= X = X
0 Mg 44560 0 07e 187.56 0
=38.71% =30.52%

6¢C
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$1319%0 3-9 ﬁ'llﬂaWﬁ\i\ﬂiﬁl@\iﬂﬁ%‘lJ’Jl!ﬂ'liNﬁﬂll‘V‘lV‘l'lL!azllﬂuW FIUATDINIVLUY (Condenser)

T p m h s H € %
°C bar kg/h kl/kg Ki/kgk) x10°kIJ/h  x10°kJ/h H
steam inlet to condenser 452 0.068 65,600 2583.72 8.3259 169.49 6.73 24.10 31.64
Input
cooling water inlet 33.0 3.6 3,852,000 138.61 0.4778 533.93 14.54 75.90 68.36
Y Y
T3z Tomild cooling water outlet 41.8 3 3,852,000 175.32 0.5963 675.33 9.16 96.01 43.06
condensate for make-up 44.0 0.095 65,600 184.25 0.6255 12.09 0.14 1.72 0.66
Output
gLy other loss 16.00 0.85 2.27 3.99
irreversibility = 11.12 52.29
Aa a o Aa A < o
sz@nsnmousiadl 52 @NTMNONYD5Y
% 67533 100% % ' 100%
= — X = ——— X
°E = 169.49 + 533.93 ° e = 673+ 14.54 0
=96.01% =43.06%

0¢
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2. AUAANAINUVDINISUIUNITNAA Lmuwaﬂ”lamammﬁm

' Yy . ? .
A15199 3-10 FUAANAINTUUDINTSUIUNITHAN Lmuwaﬁ"lemaamﬁm muwﬁ’@m (Boiler)

T P m h s H € %
°C bar kg/h kl/kg Kl/(kgk) x10°kI/h x10°kIJh H
boiler feed water 208.0 121.0 152,000 892.47 2.3892 135.66 27.43 23.36 5.35
Input
natural gas 243 27.2 9531  46,707.00 445.16 485.42 76.64 94.65
19152 Toml  steam outlet to turbine 514.0 112.2 132,000  3,396.73 6.5783 44837 189.60 77.20 36.97
k2
8 steam support for boiler 514.0 112.2 15,000  3,396.73 6.5783 50.95 21.55 8.77 4.20
blowdown water 326.0 122.0 5000  2,681.69 5.4829 13.41 5.24 2.31 1.02
Output
. flue gas 134.5 18.61 5.44 3.20 1.06
qayae
other loss 49.48 4.53 8.52 0.88
irreversibility - 286.50 55.86
Aa A = a a < o
szansnweunall JsLANTMNBNILDTE
44837 + 50.95 189.60 + 21.55
% ng X 100% %n, = x 100%

~ 135.66 + 445.16
=77.20%

27.43 + 485.42
36.97%

1€



{ @ Aa A Y ' ' 4 A
@]’]3’]\11?] 3-11 AUAANAINUUDINTSUIUNTHAA L!UUWﬁ@lul@u'lﬂfJ'Nlaij ﬁ')u’)’]a')aﬂﬂ')’]il'%}@u&?ﬂﬂq (De-superheater)

T p m h s H € %
°C bar kg/h kl/kg Kl/(kgk) x10°kI/h x10°kJh H
main steam outlet 505.0 110 132,000 3375.78 6.5599 445.60 187.56 99.22 99.64
Input
water spray 194.0 149.0 4,200 831.61 2.2541 3.49 0.67 0.78 0.36
Y ) ¥
Tase Tomild process steam 322.0 25.7 136,200  3,060.31 6.7208 416.81 144.03 92.81 76.52
Output . other loss 32.28 1.71 7.19 0.91
gy
irreversibility = 42.49 22.57
Aa a o Aa A < o
Useansmweouniall Useansmmonyese
416.81 144.03
WTE = 22560 + 349 < 100% %1 = 18756+ 067 < 100%
=92.81% =76.52%
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A o a a 9 oA ' v 3 .
AT NN 3-12 AUAANAINUUDINTSUIUNITHAN Llﬂﬂwaﬁqu']@ﬂ']\uﬂﬂ? ﬁ')ucﬁil’t’)llau'] (Boiler)

3. AUQANAINIUVBINIZUIUMIHEA tuunan Iihed1a@en

T P m h S H € %
°C bar kg/h kl/kg Ki/(kgk) x10°kIJ/h  x10°kJ/h H
boiler feed water 208.0 121.0 152,000 892.47 2.3892 135.66 27.43 23.36 5.35
Input
natural gas 24.3 27.2 9,531  46,707.00 445.16 485.42 76.64 94.65
19152 Toml  steam outlet to turbine 514.0 1122 132,000  3,396.73 6.5783 44837 189.60 77.20 36.97
k2
1q steam support for boiler 514.0 112.2 15,000  3,396.73 6.5783 50.95 21.55 8.77 4.20
blowdown water 326.0 122.0 5000  2,681.69 5.4829 13.41 524 2.31 1.02
Output
. flue gas 134.5 18.61 5.44 3.20 1.06
LEIGL
other loss 49.48 4.53 8.52 0.88
irreversibility = 286.50 55.86
a a Y] A A 1< o
szansamweunall szansmnen e
44837 + 50.95 189.60 + 21.55
% ng = x 100% %n, = X 100%

135.66 + 445.16
=77.20%

27.43 + 485.42

=36.97%

€€



A [ a a 9 1 = 1 A o A Y A [ %,’
AN 3-13 AUAANAINUUBINTTUIUNTHARA LLUUW@@%WWW@EJNMEJ’J ﬁ’)ulﬂ3ENﬂ1L1Jﬂul“N“NWITﬁJUWJEJLﬂiENﬂQTTUﬂﬂHW (Turbogenerator)

= 9

q

T p m h s H € %
°C bar kg/h kl/kg Kl/(kgk) x10°kI/h x10°kJh H
Input steam inlet to turbine 505.0 110.0 132,000 3,375.78 6.5599 445.60 187.56 100 100
Y , steam to deaerator 202.0 7.4 10,500 2,847.62 6.8686 29.90 8.41 6.71 4.48
1552 Tow
Vl v steam to AUX system 333.0 26.5 22,500 3,084.20 6.7472 69.39 24.15 15.57 12.88
f
Generator (26.2 MWe) 94.32
Output condensate to flash tank 90 2.3 7,700 377.09 1925 2.90 0.17 0.65 0.09
- steam to condenser 454 0.068 91,300 2,584.10 8.3271 23593 9.37 52.95 5.00
quyide
other loss 13.16 1.38 2.95 0.74
irreversibility = 49.76 26.53
a a v a a < o
Usza@nsnmeunall szansnInenese
% 29.90 + 69.39 100% o 8.41 + 24.15 100%
= X = ——X
o NE 445.60 ° 07 187.56 0
=22.28% =17.36%
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M350 3-14 dugananuveInszuumsnan nuuraa lihed1uden aawniosniuuiu

T p m h s H € %
°C bar kg/h kl/kg Kl/(kgk) x10°kI/h x10°kJh H
steam inlet to condenser 452 0.068 91,300 2583.72 8.3259 235.89 9.37 30.64 39.18
Input
cooling water inlet 33.0 3.6 3,852,000 138.61 0.4778 533.93 14.54 69.36 60.82
Y ) ¥
Tase Tomild cooling water outlet 43.4 2.9 3,852,000 181.58 0.6161 699.45 7.77 90.86 32.51
condensate for make-up 442 0.095 65,600 185.09 0.6281 12.14 0.14 1.58 0.57
Output
RIGE] other loss 58.23 3.09 7.56 12.93
irreversibility = 12.91 53.99
a a v a a < o
Usza@nsnmeunall szansnInenese
% 69945 100% % 777 100%
= — X = ——— X
°E = 33589 + 533.93 0 e = 937 1 1454 0
= 90.86% = 32.51%
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1. msdsziivdununasau wuuraa lihuag ledn

Natural —

Feed water ——

Flue gas

Boiler

|

Blowdown

Aux. system

E

Transformer

Condensate

Aux. system >
Deaerator

Electrical

Steam

25, 3

A o 9 a a Yy H
NINN 3-5 URUANAUNUNITHOA uuuwam"lﬂﬂmaz”lam

d‘ a a 90’
M990 3-15 Foyadunumsnaa uuuwaa lWfluas lei

36

C h E

No. Description Output
Baht/kg kg/hr Baht/hr

1 Natural gas 15.38 9,531 146,587

2 Feed water 50.00 86 4,300

3 Capital investment 6,667

4 O&M cost 2,552

5 Net electrical 26,200 kWh

6 Steam 25.7 Ton-steam
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’e“i’mﬁfunu Natural gas
Ep = 15.38x9,531
= 146,587 Baht/hr

8A51AUNU Feed water
E, = 50x86
= 4,300 Baht/hr

ORTIAUNUIINATOIINS
., 1,200,000,000
Ziot =
24x300x25
= 6,667 Baht/hr

fRsIRUNUIMVBIMA I UMTIAZIF TN
. oM 840,000+4998,000
Ziot =
24 x 30
= 6,667 Baht/hr

on51dunUIWIUMINAATDITELY
E'P,tot = 146,586 + 4,320 + 6,667 + 2,552
= 160,125 Baht/hr

matfuaIundsanu
v 94.32
dagrunaanuued i = ———
94.32473.21
=56.30%
v y 73.21
Fagunaanuved leiin = ———
94.32473.21
=43.70%
(% gJJ
Aa1T1
it
oasdunuves Il = 160,125 x 56.30%
=90,150.38 Baht/hr
A
N30
C 90,150.38
s llihdeniing = ————
26,200

= 3.44 Baht/kWh



Jo1i

sasAaunuuedlorh = 160,125 x 43.70%

=69,974.63 Baht/hr

A
NI

y 1 1
511 lerideniig =
25.7

69,974.63

=2,722.75 Baht/Ton-steam

Y ]
2. msﬂizmuﬁunuwawm LLUUW’GGIUIE]HWE]EJNL?]EJ’J

Flue gas

Natural Gas
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Boiler

Feed water

\/
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|
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n

7CI
Ztot

P

7OM
Zrot

Steam
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C rh E
No. Description Output
Baht/kg kg/hr Baht/hr
1 Natural gas 15.38 9,531 146,587
2 Feed water 50 86 4,300
3 Capital investment 6,667
4 O&M cost 2,552
5 Steam 136.2 Ton-steam

gﬁﬂéfﬂﬂﬂ Natural gas
Ep =15.38x9,531
= 146,587 Baht/hr

0A51AUNU Feed water
Ey =50x86
= 4,300 Baht/hr

BRI IAUNUIINATOIINS
sCl - _ 1:200,000,000
tot ™ 24x300x25
= 6,667 Baht/hr

BATIAUNUTIWVOIMANTUMIHAzINFITNE

Z-OM __840,000+998,000
tot —
24 x 30

= 6,667 Baht/hr

sandunumlumsninvesszuy

Epior = 146,586 + 4,320 + 6,667 + 2,552

= 160,125 Baht/hr

9
[ Y

JUU
160,125
136.2
=1,175.66 Baht/Ton-steam

9‘ 1 1
51 letideniing =



3. msdszdiudunuwasau uuuwaa IWihed1a@en

Flue gas

Natural Gas

Boiler

Aux. system

Feed water

Blowdown

Condensate
Aux. system

Deaerator

3L}

Transformer

7

7l 7OM
Ztot Zeot

Electrical

A o 9 a a 9 ' =
NINN 3-7 URUANAUNUNITHNAN LL‘]J‘]JWﬁG]hl‘V\I‘V\lTﬂEJ'NLﬂEJ'J

M1399 3-17 Foyadunumsnaa uuuwaa lihedrunen
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C rh E

No. Description Output
Baht/kg kg/hr Baht/hr

1 Natural gas 15.38 9,531 146,587

2 Feed water 50 86 4,300

3 Capital investment 6,667

4 O&M cost 2,552

5 Net electrical 26,200 kWh

9n351AUNU Natural gas
Ep =15.38x9,531
= 146,587 Baht/hr

9A31AUNU Feed water
E, =50x86



= 4,300 Baht/hr

BATIAUNUTINATOIINT

gCl 1,200,000,000
tot ™ 24 x300x25
= 6,667 Baht/hr

SATIAUNUTIWVBIMAUTUMIHALINFITNEN
FOM _ 840,000+998,000
tot 24 x 30
= 6,667 Baht/hr

8a51duNUIMIUMIHAAVDITZUY
Ep'wt = 146,586 + 4,320 + 6,667 + 2,552
= 160,125 Baht/hr

Y
[ Y

JUU

160,125
26,200
=6.11 Baht/kWh

51 lihaeniing =

d Y]
ms1¥lszTerionnSwenns (Utilization Factor)

1. vuuraa Tviwas Terih (Useful output : Electrical 26.2 kWh, steam 25.7 t/hr)

waawani1 11495 Toaiasa

UF

salvihuaslorh . v ~
HaR wag loun Maamswanlae

73.21+94.32
© 73.21+29.90+69.39+ 94.32+169.52+2.9+6.36

=37.60%

v 1
2. uUKan leegafen (Useful output : steam 136.2 t/hr)
F 416.81
wanlotheduder 416.81+32.28

=92.81%

3. wyuwan e 1a@en (Useful output : Electrical 26.2 kWh)
94.32

a 9 -

wan o ufer™ 29 90469.39+94.31+2.90+235.93+13.16

UF

=21.17%
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