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Sanit Athasart. (2010). A Feasibility Study of Waste Heat Recovery from Gas Turbine in Natural Gas
Compressor Station. Master thesis, M.Eng.(Mechanical Engineering). Bangkok: Graduate
School, Srinakharinwirot University. Advisor Committee: Asst. Prof. Dr. Pichai

Asadamongkon. Asst. Prof. Dr.Jutarat Kurujaroen.

The objective of this research is to evaluate both technical and financial potential of waste
heat recovery from gas turbine in the natural gas pressure booster station. The generated electricity is
supplied to SAIYOK compressor station and exported the surplus to the grid. The energy analysis was

conducted for determining waste heat potential. It was founded that the gas turbine running hour was

6,745 hour/year. The average exhaust gas temperatures was 577 "‘C\f;@ waste heat recovery rate was
7
29,388 kW. 40

X\

Because the lack of water source at SAIYOK co <>fssor station, Organic Turbine Generator
system was designed for generate electrical powej. I%g‘eﬂ?s from this stud&\pdicated that the Organic
Turbine Generator system can generate electr%r@ver of 11.17 M\\K@%ﬁctric energy of 75,650,786
kWh/year. The payback period, internal raﬁe& return were det;s'@(i;led. It showed that the feasibility
result were 6.9 year payback period, 148&‘(1\RR). $\\O
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1= 2  Thermal Oil suANusauanlofey
2 —=> 3  Thermal Oil fhanau3aul# Pentane (High Temp.)
3= 1  Thermal Oil tnamaNusaunli
Pentane( Low Temp.)uaz lUsuanusauanlalie
Thermal Oil-Pentane Loop (Close Loop Cycle)
A—> B Pentane 3UA1¥38%4a1N Thermal Oil ﬁluﬂmma‘flu"laﬁmmé‘fuuazqmmgﬁg@
B—> C la Pentane Uena@I#1% Turbine L'ﬁ"awﬁm"lﬂﬁwLLaza@mmﬁuLLazqmﬁgﬁm
C—> D 'la Pentane szunuanufaurinu Condenser awtdnusnuziuzaanm

D—=> A Pentane lJ5uanusanain Thermal Oil Bna33

o [l J 4 @
TA8f10819U94 Plant lay out uazgﬂﬁumqﬂﬂimuamg%:{%immsmmm"lﬁ'm
™

mwsznov 35 Laz Mwlsenov 36 Q“

N N152n01 36 Plant lay out U852 Y OGC



55

3w A v v Y ) a
fl]’lﬂﬂ'lfl'l;ﬂﬂf’]l'ﬂﬂal,afﬂ'Iﬂﬁﬂ'lﬁl‘WNﬂ'J’uJﬂu@]Uﬂ'lcﬁulﬂﬁIﬂﬂ LLﬁzHWﬂSJ}@y‘aZJWE]EIﬂLL‘]J‘UiziJiJNaGI

1 9
Y . . . . &
TihanledeTaeld Organic Turbine Generator %43 Line diagram VOITLUVAIH

67.24 kg/s, 180 °C
s hurbine extuaist ont

Thez mal il vl
2300 kPa, 175 °C 11 MW
gemea abvr
Reat exchanger
Thermal eil Thermal sil in @
Heatexchanga | ————= V
O i o e
® &
2300 kPa.60°C 7y
A 200 kPa, 93 °C
o
?4;’&0
228 e bine exhanstin Q
67.24 kgls, 577.33°C 2 o (?”QQ @
)
O s
3 S
PR 170 kN
130 kPa, 4«3(2‘ *L\{} condentsex
O
> O
~AD ’\\Q
mg\\&zﬂ’em 37 Line diz@fam Y9452 UY OGC
& '\\0(0
Q\Q ! % 9
1 ==>2 % Pentane gnaa li/lyg¥uudie Pump

HQN
2 ==¥3  Pentane mﬂQﬁéumﬂ Thermal oil

3 —=>4 Pentane @%mmu Organic turbine

4 —>1 Pentgaé N90NIN Organic turbine ﬂﬂi"”milﬂ’ﬂiﬁf]u‘ﬂ Condenser



d
6. MINATIZHN Organic Rankine Cycle

A szney 37 amsn1igaa1ag 1u Diagram W uAsuasly T-s Diagram tag P-h

9

. Yo A
Diagram 1@aail
Isopentane
gpp. SCEeEE
fos /178
-3 &
200} Pado 4 |
0 kPa, 175 °C
150

8 2300 kPa. 60 °C ,' F 200 kPa, 93 °C
e 100} 4 -
B 6@
® A
50} Q) ]
X\
| }V i %y
0F / ¢§Q° 4
130 kPa, 48 °C Q .©
-5 1 k n}(\% A i ‘\ @ i
< N
2.0 -1.5 -1.0 ry{_{{éf; 0.0 \0\‘0,5 1.0
o&@ g-K] ’\\O
NMNYFEPOU 38 T-s diagram Vo452 UY OGC
@
%@Q Ny
S &
o&@ Iso %’am
105— oA C e —
P @
104}
T
S 107
o
102
101 A 1 A 1 A 1 A L A 1 1 1 1 i
<500 400 -300 -200 -100 O 100 200 300 400 500

h [kJ/kg]

Mnsznow 39 P-h diagram U933 UU OGC



TAgA1A199 Y0952 UV a1H159%1 1910 Thermodynamic diagram Y04 Pentane (Carl L.

Yaws. 1996) 91001M1sgnoV 40

[ csH12 ISOPENTANE
[l e T - s o v s e
[ \ : P ) ] 1 peie = 895 kP L
\ - - I 1R = 0624 m~Ikg —:
'\I\ \\ . il
NI i
= A i i T
TN
1 \\\\.l\ |
! =
< T = T
2 NS i e 8
o Y e — = — e e
£ N ' RN
E 3 AN |
2 w1 e 111 < S -
© 1 \ c§§ ] I
> ; i1 :
0.1 e - t‘ p— - \‘@oﬁr “\WF 1 !;l_ Q.1
— — e =T~ N =
[ ] E
-H; — r"_\ b _“-—-—-—-h._.';.______mr :
:'r o~ ; \Q ==
0.01 LJ&?_ aoa i
10 S
‘\\-» Pressure, psi 6 e S —
D ’\\Q
S @
400 \61\ i \\ | ] I B — Ty 400
A >°s ’\Q(Z» i 1 pais = 8,895 kPa
(b" %\‘ ! 700F 1BTUM = 2.326 kg
o&\ T—J1 BTUB R = 4187 kiag K
w0 4 Q‘ % astTT —TTTTT 30
o A ewobe e ] T
[ N 1 ¥ i 1 11111
A — N =z { I AT
0] I 'ﬁk p— Il

Enthalpy, BTU/Ib

Pressure, psia
Dwturm: idesl Goa @ 7T7F5CL H= 0. S+ RRP =0 — ] phas R

O BN - ——— BBV

Mwlsznou 40 Thermodynamic diagram U®J Pentane



€

=

58

Iﬂﬁlﬁmﬂ 715201 37 Line diagram U933¢UU OGC awld
P, =P, =2300 kPa
P, = 130 kPa, P, = 200 kPa
T,=48°C,T,=60°C,T,=175 °C,T,=86 °C

=m

1 a Jd 1
910 Thermodynamic diagram U®J Pentane %ﬁﬁﬂ’iﬂ‘mﬂWWﬁmLGIE)iGING]ﬂIfN‘iziJ‘]JU]ﬁ

Q@
A
o(\\ﬁ

. ?4;’:?’

Point Q

O8N \
No. h m °é zb({\ P S &é@ T
(kI/ke) ;kfr\ég\ (kPa) (gg@“’t) °0)
1 344 | 70 130 (515 48
o Ny
2 320 | 170 2(5‘\ -1.5 60
30| &@ | 10 N300 | 028 | 175
(é:b"os {\Q
} : {3\@ 93 é\’@ 200 0.28 86
o,M\ \(b
A T N\
UAT1ZHN Heat Exchan%\r\/
\K)
NQ;, = C()}@Q% m 1y,
m, = NQ; /(h3'h2) nH

2x29.39x1000 /((174+320)0.7)

170 kg/s
Iﬂﬂ‘ﬁ Ny = 132AN5N NV heat exchanger = 70%
‘imiwﬁﬁ Organic turbine
W, = (hh)m, M,
= (174-93)x170x0.8
= 11 MW

Tagh 1,  =1352@N52 1MV Organic turbine = 80%
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Uszansnnuoess UL W/Q,

11/(2x29.39)

19%

dmsumsuazrmanan Iiihvesszuunaa 1l Iag1d Organic Turbine Generator

9

Yo A
mmammm"lﬂmu
Weather condition 35.0 CDB @

28.5 CWB é\}?’

60% RH o&\é})

Altitude

fmda i ldvesszuu oGT

waanu lihin ldvesszuudy 1,429,140 kWh/year (§

nwasnu i ldvesszuu oGT

$I1amsIaIu

Average hour operation
smadwihimanla
A

Average Gas turbine Exhaust @p

6,80 rs/year AU Gas Turbine 2 Unit
A

\\Q 577.33 deg.C

Average Gas turbine mass flow rate 67.24 kg/s
g Fyhg Q}@ g
Total Gas turbine st mass flow rate ‘O\ 134.48 kg/s
\)
Exhaust Temp from OGT \\/ 180 deg.C
&
Cp Q\' 1.1 kl/kg.C
Gas turbine Local Exhaust heat © 58,776 kW
Organic turbine efficiency 19.00%
mdelihanaald 11,167 kW
waanu lWihnnaald 75,935,600 kWh/year
waaary Il 14 10,949,140 kWh/year

naanu Irlfhiang 1 avla. 64,986,460 kWh/year



UNN 4

a q a d
WNAaNIIAIUAINSHUASIDTITINM

Y Y v = Q' (% [<4
1. Waﬂ]iﬂij"ﬂ)ﬂﬂ'l{hfWaﬁﬂ]iﬂuﬁﬂ]ulwuﬂj‘lﬂﬂu!!ﬂa’"!‘niiﬂﬂ
amiimiuanuduuialnsToatiinTeadnsvdnfe Gas  Turbine  1@g Centrifugal
Compressor %41ag1nA91AU Gas Turbine 2 Unit taganmanudoyanslimdsanTuiuay

k4 Y
m3lfFemasdounds 1 1 amnsoagddeyaladail

wdaen lihilseae 119,095 kWh/year
wiean i 195 1,429,140 k3
LL%ﬁL%@LWSQﬁi%} 1,396.3 2\ mmscf/year
$1UNF2 TeMTIAY Gas Turbine 6,745 70 F2T19/3]
%@Q
) , o
2. #aN19M353999 Exhaust Gas U949 Gas ;Ké?bine ~A®&
mﬂmimaﬁaﬂ?mmmm%’a@%mﬁmm Exhag\sﬁg\s mmaaqﬂ%’aga”lﬁ'ﬁqfr
QUNYLl Lma”lamamamlmo@.as Turbine Unit A $\*O 577 esRusaIFud
gangiuna loidengewes Gas Turbine U \h 585  eernwalFed
QuUnqN Lmﬁ"lmqgﬁzim Gas Turb:Q@UfiC 570 edAuyaIFd
mmwmpq\%ﬁmaamm GasQ?r{nne Unit A 34.81  was AU
mmxs?@%ﬁ%mmam%@s Turbine Unit B 31.83  WASAUMN
mwmmuﬂﬁ"lamﬂmagﬁq Gas Turbine Unit C 37.79  was AR
'em31"lwamma@%ﬂ@mﬂmaﬂmm Gas Turbine Unit A 33.78  nlansuAui
sas1 lnarfaunauialordomasues Gas Turbine Unit B 30.67 nlansuAuii
sas1 lnarfanaudalo@omasues Gas Turbine Unit C 36.41  nlansuAui

3. MM INTITHWAINUADINoUN Exhaust Gas Y99 Gas Turbine
vinmsainaanszua i ine1952 11 Organic Turbine Generator #192111 lodev0s Gas

Turbine Mmomanudoulifuamsiaudiegluszunia Tasi
gumgiuAaleFomasiidhszuy 577.33 eapuLQIFEA
gumgiuAaleFundsiioonnnszuy 180 ®IAUTALTYA

a g o ¥ o Ao Y
ﬂﬂnJuWaqqmmmieumﬂ"lamﬂmumﬂ% 29,388 kW
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a d v ° Y qw Y a
4. Nﬁﬂ]i?!ﬂ51$1’iﬁﬂﬂﬂ1‘l’\|ﬂ1iu1ﬂ’nuﬁﬁuﬂx‘mﬂﬂmaﬂul‘l/\lﬁ1

P
o v 9 A A

4 Q' [ 9 1 :‘ a o
MnmMInaniuanudunna Ins lealdesinadiuiunuazanauaaua1iay i

Y
v KX A

I lansoldszuunan 1 Taeld Steam Turbine deriududonszuunaalWiuuy Organic
. & Y 4 A o\ I o LY A .
Turbine Generator 41415 laTasmsveunegluszuvlatluasiamlumsdunaeu Turbine

=

Tag14 Exhaust Gas 910 Gas Turbine 2 Unit Miligaivigiiinds 577.33 evsuwaifed Faaunsoi
w1918 20,388 kw uaztdesoidoRsgussemai 180 eerusaiFen

21U Organic Turbine Generator anysanaanszua Wi 1d 11.167 MW Aadlulsuna
wds i inan'ld 75.935.600 kwh/al taziflundsan Wi i 1410 10,949,140 kwWhil mide

Wuwdesanu i nnelwio nln. dlulSua 64,986,460 kWhAl
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2

Ruasnudmivszuunaa Ifwuy Organic Turbine Generator amsauaaslAdsil

(nsuTes15Ms. 2541)

-
FERTLBEYUM

NUAIAITLATNUIAINTTNTzULLSENaURIANg

- UBIATUAZNUIAINTTNITULUSENAUDIANS

A3ER (UN)

ATLLSY (UN)

FANVAUNA (LN)

[ | 2000

2 NuszuuRAANAINUInHIanlalds
2.1 uaankuy (2.5% 'nmgaﬂ"\) 17,117,965
2.2 nuszuundandnuliiiananufauia
221 AR AR AN
514,206,000 10,000,000 524,206,000
(Organic turbine w/accessories and Generator Set)
222 srunviauailaaslalde / Bypass diverter valve / Suppl. Fire 6,000,000/@ 600,000, 6,600,000
223 aunsafuaniauaanufen (Heat exchanger) 82,00%(\ ? 600,000, 82,608,225
2.2.4] sruuvietnduuazainsaiisznay (Hot Oil System) 13&&@00 675,000 14,175,000,
91Un70iALANERN UG 1 °§B
225 ?6) 00,000 500,000 5,500,000
(Automatic Control & Instrumentation Equipment) Q
226 Process Control System (PCS) Q_\:Q“ 4,000,000 800,000 4,800,000
22.16 Main Incoming & HV Routing o Q 2,500,000 é\\eﬁo,ow 3,000,000
2217 aIndiiefusegs (HV Switchgear) Qb 5,625,000 S~ 300,000 5,925,000
2 <
2218 aandiiafusenn (LV Switchgear) o 750,000, A 75,000 825,000
D
2.2.19 usfaulaaliAin (Transformer) @{Q 26,5005@ i 300,000 26,800,000
2.2.20 anelduaziduanatniin a(\ 2,63‘&,000 1,000,000 3,500,000
2.2.21 ANl e finmd avialal (Prelwminarwépense) L\8)625,892 153,500 6,779,392
; N
2.3 |Testing and Commisionning (1.5% s3arn) - 10,270,779
- - ~
Total 2 (qﬁui:uuu?}@%mu‘lﬂﬁﬂmnﬂ’nu%”au?l b\ 712,107,362
— "
\ HATINRIALIY] 716,227,362

Project management

3.1 Overhead @ 15.00%|of Total 1 to 2 107,434,104
3.2 |Profit o{(\oﬁ\ N 10.00%)of Total 1 to 2 71,622,736,
0.\ A(b‘\ Total 3 179,056,840
3 Y
\\/Tota/ EPC Cost 895,284,202

4.1 PTT O@ 2.00%]|of EPC cost 17,905,684
4.2 PMC fee 3.00%|of EPC cost 26,858,526,
4.3 NG M&R Station Lump sum 0
4.4 Legal / Financial fee 0.10%)|of EPC cost 895,284
4.5 License/Permit 0.15%|of EPC cost 1,342,926
4.6 EIAHIAPP 0.80%|of EPC cost 7,162,274
Total 4 54,164,694
5 IDC
5.1 Interest During Construction 7.00%]of Total 1 to 4 66,461,423
5.2 Insurance During Construction 0.75%)|of Total 1 to 2 5,371,705
Total 5 71,833,128
6 Contingency (%)
6.1 System 0.00%|of Total 2 0|
6.2 Project 10.00%|of Total 1 to 5 102,128,202
Total 6 102,128,202

Total Investment Cost

1,.123.410.227

el T IVl




& a & a o = = 1 QY [y
Gﬁﬂﬂﬂlﬂulﬂuaﬂnui?m%@ﬁuﬂ 1,123,410,227 YN IﬂEliJi18161&’6]8@?111%%18!,!,@13518“1@

nmsve ihnmaeldaail (mslWihunsvans. 2553).

Investment

PTT Project management 2.00% EPC cost
PMC fee 3.00% EPC cost
Legal and Financial fee 0.10% EPC cost
License/Permit 0.15% EPC cost
EIA/HIA/PP 0.80% EPC cost
Interest During Construction 7.00% project cost
Insurance During Construction 0.75% construction cost
System Contingency 0.00 é);@ltem cost
A
Project Contingency 10 o project cost
7P
EPC Overhead Q%S.OO% construction cost
EPC Profit g\@@ 10.00% constr,quon cost
N\

)

NG Metering & Regulating Station 0 B @%tation

\\@.28 Baht/kWh

Organic turbine %\3&\
A5 D 21
allihiiao
Al unde
waaa A1
fh‘l‘i/\lﬂvm%'m;é\

m Inlvhnve

,2\651\,968.00 Baht/year

4.9 Baht/kWh

10,949,140 kWh/year

53,650,786 Baht/year

VSPP tariff 11-33 kV

Unit charge (on-peak) 2.9278 Baht/kWh
Unit charge (off-peak) 1.1154 Baht/kWh
Ft @ OCT 2009 0.9206 Baht/kWh
'l finende 2.01 Baht/kWh
wasau i fane 64,986,460 kWh/year
Il Ae 130,622,784.60 Baht/year
Maintenance 2.0% /year

other 1.01% /year



a a d o o A
ﬂ'lﬂ‘i'lﬂﬂ%!gtlﬂﬂ'lﬁﬂ'liN1!ﬁn3»115E]'J!ﬂ513‘”335’]3!3@15“7}1&%%@]\1?]151@ Cash flow ﬂ\“l‘f!

Cash flow
D g Rt m
s Nt
i | 2 3 4 5 6 7 $ 9 10 1 1 13 @%o 15 16 17 18 19 2 2 0 3 u %
—

1650 N

. ?Z;QQ
i liindaldig 3651 SAIST SAT9 55276 SS829 56388 56951  STSA 5809 58677 59264 59,856& OS@ 61060 61670 62287 62910 63539 64174 64816 65464 66119 66750 67448 68,122
i hliviedu 13063 130623 13063 13063 130623 130623 130623 130623 130623 130623 130623 01,30%1&\ 30623 130623 130623 é&&% 130623 130623 130623 13063 130623 130623 130623 130623 130,623
1 &
Iy Qb(\% . \AQ’
AR 1123410 @ \)Q
1 (\ \
ALY U262 G722 563 BN B4 N9M 443 491 ggﬁ‘ 25918 26437 26965 R S05 28055 28616 29,188 29772 30367 30975 31594 326 08 BB 4199

a )
oliqnd 163012 163,123 163231 163336 163437 163535 163,630 163,720 163,r§§7\?§63,890 163,968 164,043 1{@ 164,178 164238 164294 164344 164390 164430 164464 164493 164516 164532 164543 164547

Fo.\
O \*4

Balance 960,399 - 797276 - 634,045 - 470,709 - 307272 - 143,736 19,894 vb\.:@ QQI\\{_

4 N .
segzaunu(l 69 N

() @@ cS
0, 0, 0/ 0‘\ e
%IRR 14% o )‘s\ < ,‘S

oM\
& O
v
>
&
OQJ

79
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nnmsnamnsanaanszud i lFesildamnsoaaninszua i 4o 9aq 1ailu

)y

o 9 a g 1 = B 3
1UIU 53,650,786 LN uazsw"lﬂﬁnﬂmimw”lvxlﬂmmﬂuu"am 130,622,784.6 1MNADL A UILH

[ a v W 1 Y Y = Y = Y a Qa’l
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a =

N A o o ' = o o e = 4
amtmuanuauuna Ins Teanuin lerdeveunames luilgurglmasgeads 577 °C 9
annsaiun1Fluszuuwaa i Idsudegamgi 180 °C

P 2 o o s (A ' e e A a A
ANNTOUNIVBINANDS LUITUTHIw 29,388 kW @B 1 unit aariuluanziiaunio
ufames 1 2 unit 9y uﬂsmmﬂ31maumi]m“lamwmmsm&g1‘1615"1@53341/1@%@% 58,776
~
KW Feanmsaneimuiilunse mumi‘nNmmammu@mmwmma”lmiﬂﬂ”lmmm
#oamsldaiuouii muummmmaauwqmﬂvl@g%%\mmuﬂamm'luum%flummam
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X
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2
~

Y
nnnamsIvenauaansoasllddail
A v Y [
1. aonfiuanudumas Ing Teaimslanaaau I 119,095 kWhiyear uagiims 1y
4] g a
UAELFBINGY 1,396.3 mmscfyear
o e o @ ¢ a
2. mnsahnnuseunann ldideveaunames luu s lumswannszua Wi 14
~ 1 9 o [ d‘ [ =1 A v o

worgagems lFnudmsumaieadns luaorimuanudunis Ins Tea vazainisou T

anununeliny avln. 18
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A A
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3. 1A9NTLVY Organic Turbine Generator Huszvunaa Irliuifeannldiiunlums

2]

1 o 3 a\ ] oy A o

Aoas e asiauuszuuialidealdin e lFauluaoimivanuaumalng
=& 1 cya Yy

Toa Favraunauuraniey laa

A o A a Y 4 ! Y
4. szvulidnemniannsonan i la 11 Mw qg‘@iﬁwemmﬂmmuazmmm
7

- . ™
e I 1SS na1 64,986,460 kwh/al o&@
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Turbine 3J115]95! @{\@ \{\S\(b

o 4 @ 1 1
2. ﬁﬂmﬁqmﬂ@ﬁnmmmuﬁubﬁ‘wu Organic turbine 13V0A Yordend14]s

4 U .\\ 1 g} a o
miammﬁa@ummmﬂmmzmswu Steam
O

v 2 )
3. ﬁﬂm?@%ﬁzuu Organi%@,rbine Aldndanunnanudeunanldiussuudug
[ I o % (\ v @ . \ I 4 A ] o [ 4
w M udusdamsudy Turbiné@mmaﬂLﬁai%’iuﬂWigwuﬂawuﬂuamsu Compressor LD
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a 1% Y 1 o v 1 oY []
meﬁmummﬂwsl,uﬁmwaé@(%umimmcmq Part load
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4. Anpunuandsouniousziiems 19 Organic turbine LDEN1TAAAN Power turbine

1@y Stage 190U Gas turbine terannszia ol
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50,000

UA-52 | NW.-52 fl.ﬂ.-SZ 1.8.-52 | W.A.-52 ﬁ.ﬂ.-SZ N.A.-52 o.n.-52 N.Y.-52 €.A.-52 N.8.-52 7.A.-52
W RIS (kwn) | 68,850 | 59910 | 65,140 | 80,260 | 134,880 | 146,840 | 115,180 | 161,980 | 133,550 | 191,360 | 154,120 | 117,070
Total (kWh) 1,429,140
Average ( kWh/month) 119,095
v ar =5 a8
nsldwasan vl draavsanr i nnauaunglnstan
250,000
200,000
150,000
kWh
100,000




9 Y dy a . A ~ A v Y
GﬂiNﬂli’)i&ﬁﬂﬁi“B!‘lﬂ@LWﬁﬂ%@\i Gas Turbine Vlﬁﬂ1uLW3Jﬂ’J13Jﬂuﬂ”I“Ifl11/lSIﬂﬂ W.f. 2552
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140.00

120.00

100.00

mmscf 80.00

60.00

40.00

20.00

ufmyenaanly U.A-52 [ AW-52|Ta-52 152 | wa-52 | Ho-52 | na-52 | @a-52 | neo-52 | an-52 | Wo.-52 | 5.A.-52 | Total(mmscf)

Gas Turbine Unit A (mmscf) | 2.15 - - 3538 | 1375 | 3353 | 2662 9.04 7.83 | 4852 - - 176.82
Gas Turbine Unit B (mmscf) 0.60 2.03 - 3.07 65.75 | 144.82 87.27 | 129.58 | 13497 79.28 | 129.60 87.01 863.98
Gas Turbine Unit C (mmscf) | 133 | 073 | - 097 | 58.79 0.14 108 | 5580 | 2066 | 10869 | 7494 | 3237 355.50
Total (mmscf) 4.08 2.76 - 3942 | 13829 | 17849 | 11497 | 19442 | 163.46 | 236.49 | 204.54 | 119.38 1,396.30

iJc\ ) =4 f-ii =y .
FIADFTMHIAIV03 Gas Turbine
160.00

o

B Gas Turbine Unit A {mrl@ﬂ M Gas Turbine Unit B (mmscf) = Gas Turbine Unit C (mmscf)
X

O’()




o o a . { A [
A13199 11U TS IAY Gas Turbine NADTHAUANUAUNIE INT Ton W6, 2552
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Hour

700.00

600.00

500.00

400.00

300.00

200.00

100.00

"lﬁ;"ﬂlﬁﬂ1ilau Gas Turbine |M.A.-52|N.W.-52 ﬁ.ﬂ.-SZ 14.8.-52 | N.A.-52 ﬁ.ﬂ.-52 N.A-52 | 94.A.-52 | N.&.-52 .71.-52 N.8.-52 | 5.A.-52 Total(Hour)
Gas Turbine Unit A (Hour) | 13.00 | - 17100 | 94.00 | 192.00 | 12900 | 52.00| 48.00| 257.00 - - 956.00
Gas Turbine Unit B (Hour) | 4.00 | 28.00 20.00 | 340.00 | 678.00 | 384.00 | 562.00 | 584.00 | 399.00 | 582.00 | 412.00 | 3.993.00
Gas Turbine Unit C (Hour) | 7.00 | 5.00 7.00 | 276.00 500 | 284.00 | 102.00 | 560.00 | 378.00 | 172.00 | 1,796.00
Total (Hour) 24.00 | 33.00 198.00 | 710.00 | 870.00 | 518.00 | 898.00 | 734.00 | 1.216.00 | 960.00 | 584.00 | 6,745.00
T
o ) o I = o
NMIUFI IHansee Gas Turbine
800.00




A5 NANITATIDIA Exhaust Gas VD4 Gas Turbine
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U Gas Turbine Unit A| Gas Turbine Unit B | Gas Turbine Unit C | Average
gangiiunalede SN HIE T 577.00 585.00 570.00 | 577.33
anusuda lode WA AN 70.13 63.66 7557 | 69.79
sanmslvaufaleds | grndwas/Auni 164.80 149.60 177.60 | 164.00
anurumiulorde Alansugnunndiung 0.41 0.41 041 041
ons lnagania AlaniuAui 67.57 61.34 72.82 | 6724
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MINAUANIAYO WA TTTTUIA

Quality
Date LHV(dry) HHV(dry) WI
(BTU/SCF) | (BTU/SCF) SG. (BTU/SCF)

Day 1 - 844.44 0.72 994.31

Day 2 - 842.39 0.72 992.74

Day 3 - 843.35 0.72 993.22

Day 4 - 843.96 {90.72 993.78

7(-\\0
Day 5 - 84423\6% 0.72 994.78
7N
Day 6 - K¢ .70 0.72 994.04
PZN®
Day 7 - Q({\“ 843.87 0’&\ 993.39
d
Y N
- (\ . \&
Average s 843.74 R 0.72 993.75
VA N\ \\)
N\
o§&\ . \\O
BN o . (\$
™~ O
1. Wobbe Index = HHV(dry)/S%@G) \Q(b
ol
2. HHV(dry) x 0.9826 = Hﬂgéat) S
o 2
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GAS COMPOSITION FROM ONLINE GC AT Ban 1 Tong

HHV(dry) wWI
Date Co, C, c, c, iC, nC, iC, nC; Ce+ N, (BTU/SCF) | SG. | (BTU/SCF)
Day 1 6.47 72.38 3.44 1.01 0.21 0.23 0.09 0.05 0.07 16.04 844 .44 0.72 99431
Day 2 6.46 72.50 3.39 0.97 0.20 0.22 0.09 0.05 0.07 16.07 842.39 0.72 992.74
Day 3 6.48 72.40 342 1.00 0.20 0.23 0.09 0.05 0.07 16.06 843.35 0.72 993.17
Day 4 6.50 72.38 344 1.01 0.21 0.23 0.09 0.05 0.07 16.02 843.96 0.72 993.83
Day 5 6.51 72.45 345 1.01 0.21 0.23 0.09 0.05 0.07 15.95 844.48 0.72 994.78
Day 6 6.50 72.54 342 0.98 0.20 0.22 0.09 0.05 0.07 15.94 843.70 0.72 994.13
Day 7 6.59 72.37 3.46 1.01 0.20 0.23 0.09 0.05 0.06 15.94 843.87 0.72 993.39

Average 6.50 7243 3.43 1.00 0.20 0.23 0.09 0.05 0.07 16.00 843.74 0.72 993.77

HUBLTIA 4?\
1.  Wobbe Index = HHV(dry)/SQR(SG) o\
¢4§Q °
2. HHV(dry) x 0.9826 = HHV(sat) AR Q
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NG from Pipeline Network
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Organic Turbine
w/Generator and package
1 0T6: 36Ts
-0TE6 15.99 MW
;\f@ * Air-cooled
. & o&f{\ - Transformer
' AN - Switchgear
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Design condition

Weather condition 35.0 CDB

28.5 CWB

60% RH
Altitude 145 m. amsl
srda i l§vesszun oGT 1400 kW
w1 Fvesszuay 1,429,140 kWh/year
wis Iihil$uesszun oGT 9,520,000 kWh/year
Average hour operation 6,800 hrs/year IAU Gas Turbine 2 Unit
Average Gas turbine Exhaust temp. 577.33 deg.C ;&o >
Average Gas turbine Exhaust mass flow rate 67.24 kg/s 0045
Total Gas turbine Exhaust mass flow rate 134.48 g&
Exhaust Temp from OGT megc . \%
Cp 2511 kl/kg.C 2

. &L R\4
Gas turbine Local Exhaust heat oQQb 58,776 kW (\\
Organic turbine efficiency (<(\° 19.00% X,
sdalWihiinaa 14 %\3&\ 11,167 k ’\\O
wisa Iihiinga 14 é‘\% 75,935,6(}3‘\\91h/year
we Iihil¥ @Q 10,9@9&0 kWh/year
witaans el nWﬂ.@fg‘\"“ 6Qa(%}(&bs,%o kWh/year
S S
v
@

A\
Q
?



[(hzd

IUNNNIGL



83

MUY

areun F1ERzIdEA ANIER (LN) ALLEI (UN) FANNIUNA (UN)

NUBIATHAZNUIAINTTNTTULLUSENaUR AT

Nuszuueaanasnuliiianlaida

2.1 UDANUUU (2.5% ADIYAAN) 17,117,965
2.2 NusruuraanasnUlniiananusauiia
221 LAdeenAn AN
514,206,000 10,000,000 524,206,000
(Organic turbine w/accessories and Generator Set)
222 sruuviauazilanslelde / Bypass diverter valve / Suppl. Fire 6,000,000 600,000 6,600,000
223 @ﬂnmﬂmmﬂ%aumw%@u (Heat exchanger) 82,008,225 600,000 82,608,225
224 axumaﬁﬁﬁum:@_ﬂmzﬁﬂsxn@u (Hot Qil System) 13,500,000 675,000 14,175,000
gunsniAtuANER TR 1 @
225 . . . 5,000&% 500,000 5,500,000
(Automatic Control & Instrumentation Equipment) fm
226 Process Control System (PCS) 800,000 4,800,000
2.2.16 Main Incoming & HV Routing 500,000 3,000,000
2217 A3ndiiafusege (HV Switchgear) Q 5,625,000 300,000 5,925,000
2.2.18] aAndiAnfusean (LY Switchgear) @,$° 750,000 75,000 825,000
2.2.19| ugiautaalnin (Transformer) o QDQ\ 26,500,000 @300’000 26,800,000
2.2.20 A WA wazimuan e Wwn r\% 2,500,000 @K 1,000,000 3,500,000
2.2.21 i lanedinmdniiali (Preliminary Expense) r\‘lb 6,625@@\\ 153,500 6,779,392
2.3 Testing and Commisionning (1.5% 'uasi&laﬂ’l)V(\v\ . \.)‘ 10,270,779
Total 2 (mua‘zuuNamwmmulﬂﬂsﬂaqnﬂa'm%"auﬁa) . (O\' 712,107,362,
Shasandau 142 N 716,227,362

Overhead and Profit (%)

3.1 Overhead \<\ 15.00%]of Total 1 to 2 107,434,104
3.2 Profit A@* 10.00%|of Total 1 to 2 71,622,736
A ,.{‘}c:tal 3 179,056,840
3 <
J, Total&PC Cost 895,284,202
° ()

Project management

4.1 PTT \ 2.00%]| of EPC cost 17,905,684
4.2 PMC fee 5\&®' 3.00%]| of EPC cost 26,858,526
43 |NG M&R station (79) Lump sum 0
4.4 Legal / Financial fee 0.10%] of EPC cost 895,284
4.5 License/Permit 0.15%] of EPC cost 1,342,926
4.6 EIAHIAPP 0.80%]| of EPC cost 7,162,274
Total 4 54,164,694
5 IDC
5.1 Interest During Construction 7.00%]of Total 1 to 4 66,461,423
52 Insurance During Construction 0.75%]of Total 1 to 2 5,371,705
Total 5 71,833,128
6 Contingency (%)
6.1 System 0.00%]of Total 2 0|
6.2 Project 10.00%| of Total 1 to 5 102,128,202
Total 6 102,128,202

Total Investment Cost 1,.123,410.227
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Investment

PTT Project management 2.00% EPC cost
PMC fee 3.00% EPC cost
Legal and Financial fee 0.10% EPC cost
License/Permit 0.15% EPC cost
EIA/HIA/PP 0.80% EPC cost
Interest During Construction 7.00% project cost
Insurance During Construction 0.25% construction cost
System Contingency Wmé?OO% syemtem cost
Project Contingency P Qz&\ 10.00% project cost
A
EPC Overhead > Qg\ 15.00% construction cost
»
EPC Profit ) QDQ\ 10.00‘%@)nstruction cost
N

\AQ 0 Baht/station

NG Metering & Regulating Station

Organic turbine $ 0.28 Baht/kWh

N .

"o @ \\
ATVITITNH @ R0 21,261,968.00 Baht/year

a1 lnihriae

Al unde

4.9 Baht/kWh

o
wava Indly A%@N &fo\% 10,949,140 kWh/year
AT R1F03 \;\O 53,650,786 Baht/year
Al iive
VSPP tariff C) 11-33 kV
Unit charge (on-peak) 2.9278 Baht/kWh
Unit charge (off-peak) 1.1154 Baht/kWh
Ft @ OCT 2009 0.9206 Baht/kWh
' fHnende 2.01 Baht/kWh
wasau i e 64,986,460 kWh/year
Al AR 130,622,784.60 Baht/year
Maintenance 2.0% /year

other 1.01% /year




MRS Cash flow

g
ﬂﬁ 1 2 3 4 5 6 1 8 9 10 11 12 13 14 @5 16 17 18 19 20 Yl 2 A 14 25
A&

5y 6‘\}°

| &
alilinaldios BTS2 S8 I 61 ST K0 BT 9264 59856 &adf@ 600 6160 608 600 B59 6417 6816 65464 66119 66780 6148 6812
ﬂ'ﬂﬂﬁﬁwﬁu 130623 130,623 130,623 130,623 130,623 130,623 130,623 130,623 130,623 130,623 130,623 13966@%623 130,623 130,623 130,623 130,623 130,623 130,623 130,623 130,623 130,623 130,623 130,623 130,623
o O;QbQ\ é\\

QA A

ia g A\ . A@
AAARLLY 1123410 o(\\Qb S
. 7
AMNSESYITELY 20260 21687 22121 22563 3015 23475 23944 24423 24912 q\m 25918 26437 26965 (\\Qﬁ? 28,055 28616 29188 29772 30367 30975 31594 32226 32871 33528 34,199

a \ W\
ﬂﬂulﬁffﬂﬁ 163,012 163,123 163,231 163336 163437 163,535 163,630 163,720 1%675\-‘163,890 163,968 164,043 {l\@ 164,178 164238 164204 164344 164390 164430 164464 164493 164516 164532 164543 164,547
Balance - 960399 - 797276 - 634045 - 470709 - 307272 - 143736 19,84 fé\ )
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