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The objective of this thesis is to study the amount of specific energy
consumption of Cogeneration power plant or be called as “Heat rate” in terms of
electricity production which is indicated as an effective index for power plant. Or a
ratio of product (Electricity + Steam) and Natural Gas used consumption . Also show
the cost of Natural Gas per unit (kWh)

In this thesis, 3 types of energy (electricity, steam and electricity plus steam)
are studied which is classified by different production technology (depends on type
of gas turbine). Due to the specification of technology model GE MS6551B which is
used by this power plant, the Heat Rate is 6,369.56 BTU/kWh(1.93Baht/kWh Gas
Cost) as maximum capacity only electrical production as base. The Heat Rate of
power plant by contract production is higher than 16.3% but lower than actual Heat
Rate, 8,553.60 BTU/kWh(2.59 Baht/kWh Gas Cost) ,by 15.6% Therefore, to reduce
the amount of heat rate consumption, managing to improve productivity and energy
conservation, the result shows the heat rate consumption for producing all energy is
decreased. From 7,397.13 BTU/kWh ,2.24 Baht Gas Cost of power plant Heat Rate
producing as contract to 6,691.67 BTU/kWh and reduced cost by 0.21 Baht/kWh .If
we choose the Best Technology from this Thesis is Rows-Royce RB211-H63,we get
the best Heat Rate 5,778.66 BTU/kWh ,which is better than base 9.27% and reduced
Gas Cost 0.18 Baht/kWh
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1. 1Aganan AN AR T (Gas turbine and Generator) A11491 21384

gﬂ‘ﬁ 1.2 Gas turbine GE Alstom Model EGT PG6551B

Manufacturer :GE Alstom ,Model EGT PG 6551 B

Base Load Output at ISO condition (15 °C, 60 % RH & 1.013 Bar )

—

39.1 MW @ 10,730 BTU/kWh by Natural Gas
38.4 MW @ 10,810 BTU/kWh by Distillate Qil
Shaft speed ratio 5,100/3,000 rpm

GE Speedtronic Mark V Electronic control system
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7171 1.3 HRSG 3i%8 Boiler
Manufacturer; Foster Wheeler
Type; Horizontal Natural Circulation, double pressure with Duct Burners and no Divert
Damper.

Each Output; HP=108 t/h at 93 Bar & 511°C. LP= 13.6 t/h at 16 Bar & 324 °C.

1 v 1
3.1 AR I fasinlasn (Steam Turbine and Generator) A 1191 1 LATE4

Steom turbine hall

|

TRAVELUNG CRANE

I T %9

CONDINSER

STEAM TURRSNE CENEFATOR

CONDINSATE
PUMPS

gﬂ‘ﬁl 1.4 Steam turbine
Manufacturer; Alstom
Type; Tandem compound, multistage impulse & Condensing type, Single extraction
and Axial steam flow two casing.

Output; 54.5 MW @ steam condition 90 Bars, 510 °C & exhaust pressure 126 mBar.
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5. Demineral water plant
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unn 3

nALHuNNsIAE
3.1 dayatilainuaadlsnuaAIatng

Tssowsretafulssnuudnilraundn (SPP) Mgluuunisnanniilulaauiue

wiv  MWweaTulafinnsuan(wenmsiasesiaiuinaild) GE MSe551B  dsznaulifing
= o o o . . ao o o

ATRNANTUAN AR Gas Turbine , HRSG Way Steam Turbine taelunisieeiaeld Gas

Turbine WusanmuamaTulatinisuan wazldninisuFaumeuiumalulatinisuanan 7

[ %

WinauanndLAsariu sail

AN9199 3.1 LapssnnuamAalulatinisuam

s GT out/unit YrnounsliAnasssun i
szinnaay GT 14
(MW/h) BTU/KWh

GE MS6001B 42 .1 10642
GE MS6551B 39.1 10730
GE MS6001C 42.3 9410
SEIMEN SGT800 47 9096
Rows-Royce RB211-H63 44 8228

1eniiugiEinatlsznaulilfiasgnénlullangnaivnssy

3.2 NN9ATUITUAN Heat Rate

Afaiinns 1Enasenu(Specific Energy Consumption ,SEC)¥isanAasi Heat Rate
v !
20AAINITUNAR NI A dRsdausyud i amasun A Bunninanae 1isa

1 BUNUNANIUN AU T U UL N TUAR

(Bunufngsssuandn i + Bunalaiianli)

Heat Rate = ”
(Bununandnlniin + Buiunananlenn)




3.2.1 NN19ATUINY Heat Rate Ime Specification AadupAazinAlulagin1guannnn

NAREER Tne AnandnlWdliNesatnaken

gasnsiasinganmalulatiaaalssnusiang

GE MS6551B

runafnsssnan@n Mradu=24 x(GToutput x Heat Rate GT)x 2unit :BTU

=24 x39.1x1,000x 10,730 x 2

= 20,138,064,000 BTU/d

1 dl A o a ! A
ARALAINLENIUNIT N AR NN TNAR LA AZIAD1

B ldsadu =
30
AaAaINITI AN N AR lun AR LAALIAAY = 2,873.37 KWh
1B~ Adsadu = 2,873.37/30
= 95.78 kWh/d
RN 1 kWh = 3,412,142 BTU

=95.78 x 3,412,142 BTU

= 326,814,960.76 BTU/d

'
| A a

waztiasann WA 1E lEN1aINILULNITUAR TINUTLANTNINIRAS 45.2 % 11AN

srAnsnnsanannun g lun1sAn AnasuanBU WA N1 Aa
= 326,814,960.76 x 0.45 BTU/d
=147,720,362.26 BTU/d

ununanansiady = GToutput 2unit + SToutput : kWh

=24 x((39.1 x 2)+54.5)x1,000

39

[

N9

+ kWh



= 3,184,800 kWh/d

(20,138,064,000+147,720,362.26 )BTU
3,184,800kWh

Heat Rate=

=6,369.56  BTU/KWh

A3t Heat Rate Tmgl Specification NRNAIN1INARGIaALATHEANAR WA et wRY

aaamnAlulatin1suan GE MS6551B Aa 6,369.56 BTU/KWh

40
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F1379% 3.2 LAAYAN Heat Rate Tnel Specification asusiazmaTulaginianasiinasnisnangean tne Anananlnildiesasnapen

WAL SEC
Uszinnaes GT 714 Bunuuandn (MWh/d) | Tl (BTU/d) SEC Wil | Aanagau (BTU/) SEC Anugal | (BTU/KWh)
GE MS6001B 3,328.80 147,720,362.26 44.38 21,505,353,600.00 6,460.39 6,504.77
GE MS6551B 3,184.80 147,720,362.26 46.38 20,138,064,000.00 6,323.18 6,369.56
GE MS6001C 3,338.40 147,720,362.26 44.25 19,106,064,000.00 5,723.12 5,767.37
SEIMEN SGT800 3,564.00 147,720,362.26 41.45 20,520,576,000.00 5,757.74 5,799.19
Rows-Royce RB211-H63 3,420.00 147,720,362.26 43.19 17,377,536,000.00 5,081.15 5,124.34
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3.2.2 NN9ATUAN Heat Rate Tpel Specification IaduAazINAlUlaENSNARNNIAING

NARggn Tne AnandnlWdn wianlain

NNaINNINAR1eNgqm 35 th @ 9.5 Bar ,200°C (Enthalpy = 2,823.75 kJ/kg)
wilaalss MWh (1kWh = 3,600 kJ)

o E _ 24 xTonx Enthalpy MWH
cam Snergy = 3.6x1,000
24 x 35 x 2,823.75
Steam Energy Max = :

3.6 x 1,000
= 658.88 MWh/d

azl# Steam Energy = 658.88 MWh/d

|d| [ dl A a o” ag; (<1 o 2 all A .
LLmLummﬂwmmuﬂﬂumwmmi@ummﬂuwmmumnmmmu‘mmem Gas Turbine

TdlAHundsanuanmaen didamasdnamnse Aol 13139ARAN Steam Energy LiNe 30%

azlé Consumption Steam Energy = 0.3 x 658.88 MWh

= 197.66 MWh/d

gagnsnatinganmalulagaaalssnusiasing

GE MS6551B

runaufnsssnanin Mradu=24 x(GToutput x Heat Rate GT)x 2unit :BTU

=24 x39.1x1,000x 10,730 x 2

= 20,138,064,000 BTU/d

o e ANRALANNFNIUNFENANRIUN TN AR LA AL IAR Y
B ldsadu = ! kWh

30

ANtaataIN19AFN NN MNAw LN AR LARZIAAY = 2,873.37 kWh

BunslWiNnldsadu = 2,873.37/30



= 95.78 kWh/d

{11 1 kWh = 3,412,142 BTU
=95.78 x 3,412,142 BTU
= 326,814,960.76 BTU/d

waztiasann WA 1E lENNaINILuUNIIUAR TINUTLANTNINRAS 45.2 % 11AN

1srAnsnnsanannun g lun1sAn AMnauanBU WA N1 Aa
= 326,814,960.76 x 0.45 BTU/d

= 147,720,362.26 BTU/d
Panmmanansed = GT2unit Qutput + SToutput + wananle
: kWh

= (24x((2x39.1)+54.5))+197.66) x 1,000

= 3,382,462.5 kWh
(20,138,064,000+147,720,362.26 ) BTU
3,382,462.5kWh

Heat Rate=

=5,997.34  BTU/KkWh

v 1 ¥
pail Heat Rate Tng Specification NfNAsN1snangeaqn duauas Winianlotinaes

wmalulatinnsuan GE MS6551B Aa 5,997.34BTU/KWh
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F1379% 3.3 UARIAN Heat Rate Inel Specification 18dusiazinalulatinisuannindsnisnangagna tne duanas i wiaslati

WAL SEC
Uszinnaes GT 714 Bunuuandn (MWh/d) | Tl (BTU/d) SEC Wil | Aanagau (BTU/) SEC Anugal | (BTU/KWh)
GE MS6001B 3,526.46 147,720,362.26 41.89 21,505,353,600.00 6,098.28 6,140.17
GE MS6551B 3,382.46 147,720,362.26 43.67 20,138,064,000.00 5,953.67 5,997.34
GE MS6001C 3,536.06 147,720,362.26 41.78 19,106,064,000.00 5,403.20 5,444.98
SEIMEN SGT800 3,761.66 147,720,362.26 39.27 20,520,576,000.00 5,455.19 5,494.46
Rows-Royce RB211-H63 3,617.66 147,720,362.26 40.83 17,377,536,000.00 4,803.53 4,844.36




3.2.3 NN9ATUINY Heat Rate Ime Specification AadupazinAlulagin1suannnn
nanmudandaueliii Tne AuandnlWiiiasadaman

founnd e e st

el unNs AN e ARz lne (EGAT)
00:00-07:30 export 59 MW/h.

07:30-23:15 export 90 MW/h.

23:15-24:00 export 59 MW/h.

AnLilu 1,904.25 MWh

"IJ’]?;I[EINIﬁTTLIQﬂﬁW%W]
- 17 A 7.26MW/h
- 17 B 20 MW/h
- 19 C 0.5 MW/h

AnLTll 666.24 MWh

gagnsnatinganmaTulagaaalssusaacing

GE MS6551B

runaufnsssnanan Mradu=24 x(GToutput x Heat Rate GT)x 2unit :BTU

=24 x39.1x1,000x 10,730 x 2

= 20,138,064,000 BTU/d

{ dl A o a 1 A
ARALAINLENIUNT TEN AR IUNNTNAR LA AZIAD1

30

B ldsadu =
1 dl %3 U o a 1 =
AtaasaIN19aFNUNN T AL luN AR LA IR = 2,873.37 kWh

BunslniNnldsadu = 2,873.37/30

[
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MANNNT

+ kWh
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= 95.78 kWh/d

{11 1 kWh = 3,412,142 BTU
=95.78 x 3,412,142 BTU
= 326,814,960.76 BTU/d

waztiasann WA 1E lENNaINIuUNIIUAR TN ANEN WAL 45.2 % 1IAN

1srAnsnnsanannun g lun1sAn AMnauanBU WA N1 Aa
= 326,814,960.76 x 0.45 BTU/d

=147,720,362.26 BTU/d

Wunnnanansedy = nananandyunnEGAT + wandnnudtyoyigninaw)

: kWh
= (1,904.25+666.24) x 1,000

= 2,570,490 kWh

(20,138,064,000+147,720,362.26 )BTU
2,570,490kWh

Heat Rate=

=7,891.80 BTU/KkWh

Aatil Heat Rate Imgl Specification AnnasnTsuanmudtycyrdaas wilnuaslinanan

WA NesasiapeaaanaTulatinsnan GE MS6551B Aa 7,891.80BTU/KWA
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AN979%1 3.4 LAASAN Heat Rate Tael Specification 1adusiazmalulatinisuannniasnisnanaudyonmeas i Ine dnanas i

= 1 a
LNENBENEAE]

FNANAR WA 14
(MWh/d)sdtycy1ae SEC
szinnaes GT 7% Sl 191 (BTU/) SEC T | Aas%eu (BTU/) SEC Aanu5au | (BTU/KWH)
GE MS6001B 2,570.49 147,720,362.26 57.47 21,505,353,600.00 8,366.25 8,423.71
GE MS6551B 2,570.49 147,720,362.26 57.47 20,138,064,000.00 7,834.33 7,891.80
GE MS6001C 2,570.49 147,720,362.26 57.47 19,106,064,000.00 7,432.85 7,490.32
SEIMEN SGT800 2,570.49 147,720,362.26 57.47 20,520,576,000.00 7,983.14 8,040.61
Rows-Royce RB211-H63 2,570.49 147,720,362.26 57.47 17,377,536,000.00 6,760.40 6,817.87
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[

3.2.4 NN9ATUINU Heat Rate Ime Specification AaduAazinAlUlaginIsHaANNIIRINTG
nanmudandameliiuazladn Tna Anandnlii wFanladn

founnd e e st

el unNs AN e ARz lne (EGAT)
00:00-07:30 export 59 MW/h.

07:30-23:15 export 90 MW/h.

23:15-24:00 export 59 MW/h.

AnLili 1904.25 MWh

mﬂmﬂﬁﬁuqﬂﬁﬁ'uj
- 17 A 7.26MW/h
- 17 B 20 MW/h
- 19 C 0.5 MW/h

AnLTll 666.24 MWh

2 k2 v

o IS o (<1 o a
oynmeana latinluasil

- UM A 13.5th @ 9.5 Bar,200°C (Enthalpy = 2,823.75 kJ/kg)

1389 B 8 t/h @ 6.5 Bar,180°C (Enthalpy =2,803.14 kJ/kg)

1380 C 2t/h @ 6 Bar,180°C (Enthalpy = 2,769.96 kJ/kg)

138 D 5th @ 8 Bar ,200°C (Enthalpy =2,832.75 kJ/kg)
- 13¥WM E 2 th @ 8 Bar,200°C (Enthalpy = 2,832.75 kJ/kg)

wilaalss MWh (1kWh = 3,600 kJ)

24 x Ton x Enthalpy

3.6 x 1,000 MWh

Steam Energy =

24x13.5x2,823.75

3.6 x 1,000
= 254.14 MWh

Steam Energysesizim A =
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Steam E L. p_ 24x8x280314
eam Lnergywesiissn B = 3.6 x 1,000 :

= 149.50 MWh

24 x 2 x2,769.96

Steam Energyweuiim C = 3.6 % 1,000 : MWh

= 36.93 MWh

St E ain D = 24 x5x2,832.75 . MWh
eam Energyseaissim D = 361000

=94.43 MWh

24 x 2 x2,832.75

Steam Energyewiim E = 3.6 % 1,000 : MWh

= 37.77 MWh

Azl Consumption Steam Energy = 572.98 MWh

o o JRPY a &L e o o A A .
witilaaannwaaaun i lunsuan lednduiundsanuannasteunivastes Gas Turbine
TdlAdlunasnuainniswnlusiidemalaanss Aeii 13N29AAAN Steam Energy e 30%
azlf Consumption Steam Energy = 0.3 x 572.98 MWh

=171.89 MWh

gasnsiatiganmalulataaalssusaasing

GE MS6551B

runaufnsssnaan Mradu=24 x(GToutput x Heat Rate GT)x 2unit :BTU

24 x 39.1 x 1,000 x 10,730 x 2

20,138,064,000 BTU/d

o e ANRALANNFNIUNENAN WU TN AR LA AL IAR Y
B ldsadu = ! kWh

30

ANaALaINITT AR Nl nas R lUNN AR LAALIARY = 2,873.37 KWh

1Bl ldsadu = 2.873.37/30
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= 95.78 kWh/d

{11 1 kWh = 3,412,142 BTU
=95.78 x 3,412,142 BTU
= 326,814,960.76 BTU/d

waztiasann WA 1E lENNaINILuUNIIUAR TINUTLANTNINRAS 45.2 % 11AN

1srAnsnnsanannun g lun1sAn AMnauanBU WA N1 Aa
= 326,814,960.76 x 0.45 BTU/d
=147,720,362.26 BTU/d

TN uNaNansady
= naudnimudun EGAT + wandnlnilnsndoysngninaw
+ nananlatn ¢ kWh

= (1,904.25+666.24+171.89) x 1,000

= 2,742,385 kWh

(20,138,064,000+147,720,362.26 ) BTU
2,742,385kwn

Heat Rate=

=7,397.13 BTU/KWh

ATl Heat Rate Imgl Specification Ainnasnisuanmudtycyndaans wilnuazlan &

uanan A wsanlatnraamalulatinisuan GE MS6551B Aa 7,397.13BTU/KWh
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AN979%1 3.5 LAASAN Heat Rate Tael Specification 1asusiazimalulagnisuannniasnisuannudyyiseans iuaylenn Tne Suanan

Wi whanlawin

FNANAR WA 14
(MWh/d)sdynyiae SEC
Uszinnaes GT 74 We1+ST ¥ (BTU/) SEC ¥ | Aanaau (BTU/) SEC maugau | (BTU/KWh)
GE MS6001B 2,742.39 147,720,362.26 53.87 21,505,353,600.00 7,841.84 7,895.71
GE MS6551B 2,742.39 147,720,362.26 53.87 20,138,064,000.00 7,343.27 7,397.13
GE MS6001C 2,742.39 147,720,362.26 53.87 19,106,064,000.00 6,966.95 7,020.82
SEIMEN SGT800 2,742.39 147,720,362.26 53.87 20,520,576,000.00 7,482.75 7,536.61
Rows-Royce RB211-H63 2,742.39 147,720,362.26 53.87 17,377,536,000.00 6,336.65 6,390.52




3.2.5 .A1 Heat Rate Actual 10915991UA2BENN §21I91 2007 — 2011

TagazinisAuniilusedundnsinu el ama

EGAT

00:00-07:30 export 59 MW.

07:30-23:15 export 90 MW.

23:15-24:00 export 59 MW.

= 1904.25 MWh

QNANBWT
- 1UIMA 2.79-3.54 MW/h
- 1M B 7.20-10.52  MW/h
- 1B 0.0-0.40 MW/h

sauniladuAnaLTly 485.69 MWh

gnelatinglusail

1710 A 103 ton @ 9.5 Bar ,200°C (Enthalpy = 2,823.75 kJ/kg)
1i7%% B 95.4 ton @ 6.5 Bar ,180°C (Enthalpy =2,803.14 kJ/kg)
1310 C 58.1ton @ 6 Bar,180°C (Enthalpy = 2,769.96 kJ/kg)
139 D 115.6 ton @ 8 Bar ,200°C (Enthalpy =2,832.75 kJ/kg)

1380 E 13.2ton @ 8 Bar ,200°C (Enthalpy = 2,832.75 kJ/kg)

wilaaflss MWh(1kWh = 3,600 kJ)

Steam Energy =

3.6 x 1000

az 1A Consumption Steam Energy = 90.42 MWh

1BuNUAN TN AN MRt = 21,074,970,000 BTU/d

0.3 x 24 x Ton x Enthalpy

52

1Bl ldsadu =A1eanain139nEuun sl EnANIuluN1INARLAAZLAR U BTU

=3.81x24x3,412,142
= 312,006,264.5 BTU/d
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wazttasann NN 1E lHNNaINTzULNITHA R TN ANTNINIRA 45.2 % 11AN

1srAnsnnsanannun 1 lun12An A nasuanBu WA N1 Aa
= 312,006,264.5 x 0.45 BTU/d

=141,026,831.55 BTU/d

arnnnanansiadu = nanan M audy o EGAT+ranaR I N1egn finau)
+NANAR 1811 kWh
= (1904.25+485.69+90.42) x 1,000

= 2,480,357 kWh

(21,074,970,000+141,026,831.55 )BTU
-Heat Rate =
2,480,357 kWh

=8,5653.60 BTU/KWh

AN9199 3.6 LAANAN Heat Rate 129129 Insnatingseuqnell 2007-2011

Month\ Year

2007 2008 2009 2010 2011
January 8,648.01 8,534.4 8,616.7 8,647.96 8,666.57
February 8,571.63 8,507.48 8,563.41 8,628.47 8,574.27
March 8,665.68 8,527.63 | 8,563.65 8,584.18 8,525
April 8,723.45 8,545.03 8,623.06 8,671.5 8,593
May 8,635.88 8,637.74 | 8,556.92 8,788.77 8,578
June 8,592.89 8,540.91 | 8,518.95 NA 8,516
July 8,604.21 8,560 8,546.09 8,886.16 8,535
August 8,582.84 8,541.03 | 8,5653.25 8,522.56
September 8,445.47 8,550.04 8,567.16 8,530.85
October 8,545.44 8,588.44 8,618.69 8,535.95
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November 8,501.22 8,530.86 | 8,524.26 8,527.4
December 8,5676.7 8,5688.44 8,619.3 8,623.09
Average 8,691.12 | 8,554.33 | 8,572.62 8,631.54 8,569.69

3.2.6 A1 Heat Rate aaslselndraualugl Mldnsuanuuulatauiuaisduainnis

WA dhanaanalssnalng

A1979%1 3.7 waASAN Heat Rate 1a4la9tinaunalug fldnnsuanuuulaiauuaisdis

Tl NNAINITHAR SEC %
(BTU/KWh) of Operation

A(unit 3) 328.54 8,103.02 69.25
A(unit 4) 328.54 8,026.40 74.23
A(unit 5) 761.80 6,662.21 83.67
B(unit 1) 335.00 7,821.21 86.94
B(unit 2) 618.00 7,599.46 79.00
B(unit 3) 767.60 6,896.58 77.19
C(unit 1) 370.56 8,246.21 74.97
C(unit 2) 366.60 8,435.90 73.62
D(unit 1) 652.18 7,768.49 71.52
D(unit 2) 652.18 7,714.60 73.73
D(unit 3) 722.75 7,429.64 70.42
E(unit 1) 746.00 6,687.55 92.23
F(unit 1) 723.40 6,866.33 79.49
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unn 4

HANNSILATISRLRYA
4.1 MIVgULALNANTTOUL (Benchmarking)

{unszununisunisdssiivuazisdhunamalifanisdivlgsuasuadnga @
{HudsnistFudpenisinanuiiiunisigaduiudalusnanaganauaz 1 lfinaniluasinggaly
a o v o A a < iy < v < =
NIUTUIAANIIAIUNANIU NadeuAENaNsIausiudnfmen1sfsi muneauniie
UszneinAnldanauazliudaenimneu  Insaziduinanaulunisansiuyulunszuaunis

NABI

AN BUAUNTZUAIUNITNYLLALNANTIULA T WARIL T2 N N1 IT9RNTN AN

Huliaesianiagaaunssuuazlszanmunisiaan 1 unmaed 3Enide Feuna i

Y o

nagramnssuiiunisitialanialitddnl#5us

=R o

nudndounistislnanaseuaasauiesing
a o % % o o % ya o KR v
L‘Lr';“f;lllLV]E]Uﬂuﬂ’WEﬂuﬂqﬂﬂﬁl’&qﬁﬂﬁ‘ﬁ‘N LWANEARITNANINT DA WWQQQ@H@Q%@SL‘TTNWE
= = o/ 1 v Y dl ¥ o ) .
wmuLﬂmzﬁmmummimmum&mmm@g@wimwﬂm?mmmim Specification 983
dl o 7 o p 1 = a dl o o a
LATRIANT e LiAN Heat Rate Tagl Specification 289usiaznAlWIAENIIHARNNIRINITNAR

avanlneNnanan i desasinauneg Hup1g19a9

u q

v
%

= v o = ' Ay e o
ANIMNNA IUNHTBIFUYUN WA T9pn Heat Rate NlFannnisAuaiay
\{uAnasunldsieniaanisngn Iag Arfinmassutnd a1n dan. waslutl 2012 aff 303

U / MBTU 138 WINTTL 0.000303 LN /BTU

(>

4.1.1 \WFaunau Heat Rate Imel Specification aa9uAaINATUIAENITHARNNINAINSG
HAREEn Tae AnandsnlldliNasatnamen

. - SEC,Heat Rate o Fuvu
dszinnaas GT N4 SN UNAHAR (MWh/d) AUFULA
(BTU/KWh) (LN/KWh)
GE MS6001B 3,328.80 6,504.77 135.21 1.97
GE MS6551B 3,184.80 6,369.56 0.00 1.93
GE MS6001C 3,338.40 5,767.37 -602.19 1.75
SEIMEN SGT800 3,564.00 5,799.19 -570.38 1.76
Rows-Royce RB211-H63 3,420.00 5,124.34 -1,245.22 1.55
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o a =

FaatinanisAnA1UFuLA 11911398l 1% GE MS6551B NNAINIINARRIZA X

a Q

nanan A Neasinameaflunuet feii iladeaniaFauauiu GE MS6001B 191

arAaaunANLSLLAANN 1NAN Heat Rate 189 GE MS6001B — GE MS6551B = 6,504.77-

6,369.56 = 135.21 BTU/KWh UH8IANNIMNNEaIN17Fa Ui ufuasfiaaun A1l fuuiun

FNAENAL

4.1.2 WFauiiau Heat Rate Imel Specification aaIuARINATUIAENISHARNNNAINS

NAREEn Tae Anandnliiy wiaulan

" 3 SEC,Heat Rate o Fumu
dszinnans GT Nl Y3ununanan (MWh/d) AUFULA
(BTU/KWh) (UN/KWh)
GE MS6001B 3,526.46 6,140.17 -229.39 1.86
GE MS6551B 3,382.46 5,997.34 -372.22 1.82
GE MS6001C 3,536.06 5,444 .98 -924.58 1.65
SEIMEN SGT800 3,761.66 5,494.46 -875.11 1.66
Rows-Royce RB211-H63 3,617.66 4,844.36 -1,525.20 1.47

[ %

4.1.3 wf5auifiau Heat Rate Inel Specification aasuaazinAlulagn1suannnainig

nanmnduntaua i Tne Anandnliilinesasnanen

o - SEC,Heat Rate e e Fuvu
dszinnaas GT N4 TFuURaNan (MWh/d) ALFLLA
(BTU/KWh) (UN/KWh)
GE MS6001B 2,5670.49 8,423.71 2,054.15 2.55
GE MS6551B 2,570.49 7,891.80 1,522.23 2.39
GE MS6001C 2,5670.49 7,490.32 1,120.75 2.27
SEIMEN SGT800 2,570.49 8,040.61 1,671.04 2.44
Rows-Royce RB211-H63 2,570.49 6,817.87 448.30 2.07

4.1.4 \3au¥igu Heat Rate Imel Specification 2a9uAazinAlulagin1sHanNnIaIN1g

nanmudandamainiuazladn Tna Anandnlii wFanladn

. _ SEC,Heat Rate o Fuvu
dszinnans GT WlE FuURanamn (MWh/d) AUFuwn
(BTU/KWh) (LN/KWh)
GE MS6001B 2,742.39 7,895.71 1,5626.15 2.39
GE MS6551B 2,742.39 7,397.13 1,027.57 2.24
GE MS6001C 2,742.39 7,020.82 651.25 2.13
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SEIMEN SGT800 2,742.39 7,536.61 1,167.05 2.28

2,742.39 6,390.52 20.95 1.94

Rows-Royce RB211-H63

aziiuinluusazmalulafinsu@nliidn  Heat Rate #snery  lagiidleAnan
Specification finnasnsuangeantuaudnlninetaiaiaslfidfiafigada Rows-Royce
RB211-H63 l#iAn  Heat Rate 5,124.34 BTU/KWhH(1.55Un/kWh)ilas  4,844.36
BTU/KWh(1.47U1%/kWh) ﬁﬁf]ﬁqmmamqmmﬁﬁ/\l’ﬂqLLvafaﬁy’] 78984818 Heat Rate Iae)
Specification  aesusinzmaluladnsanitndanisnannudtyndennewiuasles

Ine Anan@Anl?n nwFenlewn  Rows-Royce RB211-H63  #iAn  Heat Rate
6,390.52BTU/KWh (1.94 Unn/kWh) Uazgaineaa Heat Rate 1ngl Specification 1a3usiay
walulagninanAnasnsuanmudy g Wiy Tne Snands Wilnidasadnaunen

Rows-Royce RB211-H63 1¥ir1 Heat Rate 6,817.87BTU/KWh (2.07 Ln/kWh)

4.2 sy Heat Rate aadlsslnihaiinlalauiuatsiuaunnan uazaunnlug)

e § SEC,Heat Rate o s
dszinnaas GT 14 TFunkanan (MWh/d) AUl
(BTU/KWh) (LWKWh)
GE MS6551B 3,184.80 6,369.56 0.00 1.93
GE MS6551B71 e 1134 2,480.36 8,553.60 2,184.04 2.59
Tsalninaunnlug) 345MW 6,291.67 8,126.55 1,756.99 2.46
Tsaliiaunnlug) 705 5MW 13,274.48 7,203.11 833.55 2.18

azwiuInTag i gstaunalunjazliiAn Heat Rate 1AN9107N 11B9AINLATENANTH

9L @NTNINGS

1 dl o a dl s b % v
LLmLum@ﬁﬂ@m:rmxﬂ’]ﬁ‘mmmmmmimummmmmmﬂﬂﬂwwqmﬂm@

Widendadunan  AnliRuAsasans1Fldfinlses@nsninuazaiadidiemg alnuLAsas

dl | 1
WeagaNnlugaIan
& Ao . % & A qu
wunssrualunjuazfaanistiniva g luseuunnn

Anflusiasaiivagvinglnaainguauuas ndunasiin

Farulsalnauna

Ao wfinaneld niesviseiinnsdentingeszuuaiads an

v
o Y

MIFABINTT

dgld
EULNATUAN

o

fioadin lanageduiussuuanaas

v (24 a A a ! 9
1WWW BACTEUUNBRNNITTTTNTM mw@;mmaiumamLL@zm\imﬂmﬂuMﬂ

Tanuznisalwiawndn Dauddnazidueraddnlssdansninuslisen Heat Rate

% g 1 dl o = a5 a 1% 1 dll = [ dgl
VLG]VLNﬂLﬂﬁﬂluqﬁlﬂﬂ;’lLWﬁ"]ZLﬁﬁ‘ﬂ\Wﬂ?NﬂizﬂV}ﬁﬂWWﬂ'ﬂﬂﬂrﬁ HaYaINNNNTNIMUALTNN TS
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e iendny wianunsosaneluliangaamnessuld fnldansnsonnewilndauni
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1Alnamsedniduiu nn 1A Heat Rate Atuaulndiaeaiulsslniraunalvn1é

uwplazdind1A1 Heat Rate 2eslsslilnsnsatinanantayldaiuasaiu Hangandisn
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)

\

917 4.2 stlununisgoyi@amne il uazuuanialiuly

4.3 wuamslunsufuilgedn Heat Rate anslsalniisaadng Tnautiadlu meiia
HANAR UWAZNITAARAUNUNNNAIY

4.3.1 14n153ANS b UNISINNNANAR
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anfngensudn Wi 7 121 MWih uazlesing 35 ton/h Faadiadnianig founun

wazauugnén Mliflianunsainnisudaiiindensuangeaaly deualiiAn Heat Rate &
Fnge FaruvnniaanansnmgnAnialazinliien Heat Rate A3 tae U5annuNanaRAT
wiae utiadlu Tinlugasfitinng Off peak uazlatian 4.5 ton/h
4.3.1.1 Mdmsanmslumaiinnacan(luiln) Tmzl*mgnﬁ'ﬂtﬁ'ams'h’y'a'lml%'\hdqmﬁu
Vg Off peak @Y L@ N150LAUT Base Load lanaaniaan
dryrundeane i dusadl
EGAT
00:00-07:30 export 59 MW.
07:30-23:15 export 90 MW.
23:15-24:00 export 59 MW,
=1904.25 MWh
gNANELT

- 131N A 7.26MW

- 13169 B 20 MW

- 131 C 0.5 MW

- 00:00-7:30 31 MW

23:15-24:00 31 MW

AnLTli 921.99 MWh

v

fuundenneletinflusad]
- 13 A 13.5th @ 9.5 Bar ,200°C (Enthalpy = 2,823.75 kJ/kg)
- 13¥M B 8 t/h @6.5Bar,180°C (Enthalpy =2,803.14 kJ/kg)
- 13 C 2t/h @ 6 Bar,180°C (Enthalpy = 2,769.96 kJ/kg)
- 13 D 5th @ 8 Bar ,200°C (Enthalpy =2,832.75 kJ/kg)
- 13¥M E 2 th @ 8 Bar ,200°C (Enthalpy = 2,832.75 kJ/kg)

azlf Consumption Steam Energy = 0.3 x 572.98 MWh
=171.89 MWh



rnnnanansadu = nandn Wi ndy EGAT+uanan InimndynngnAnaw
+NANAR A1 tkWh

= (1904.25+921.99+171.89) x 1,000

= 2,998,135 kWh

(20,138,064,000+147,720,362.26 ) BTU
2,998,135kwn

Heat Rate=

=6,766.13  BTU/kWh
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P99 4.1 uAAIAN Heat Rate Walinnsdnnislunisiinuanan(niln) Tnamgnéninasnga lWindawiulutgeg Off peak wievinli

ANN1T0LAUN Base Load lAnaaninan

FNANAR WA 14
(MWh/d)sdtycy1ae SEC

Uszinnaes GT 74 We1+ST ¥ (BTU/) SEC ¥ | Aanaau (BTU/) SEC maugau | (BTU/KWh)
GE MS6001B 2,998.14 147,720,362.26 49.27 21,505,353,600.00 7,172.91 7,222.18
GE MS6551B 2,998.14 147,720,362.26 49.27 20,138,064,000.00 6,716.86 6,766.13
GE MS6001C 2,998.14 147,720,362.26 49.27 19,106,064,000.00 6,372.65 6,421.92
SEIMEN SGT800 2,998.14 147,720,362.26 49.27 20,520,576,000.00 6,844.45 6,893.72
Rows-Royce RB211-H63 2,998.14 147,720,362.26 49.27 17,377,536,000.00 5,796.12 5,845.39
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4312 Mnmsaanslumaiiananan(latin) Tmﬂmgnﬁﬁtﬁam%ﬁa'l'aﬂymﬁmﬁﬁlﬁ
aansonanlaiiimaigeganaaniam

dryryraeanelwiln gl

EGAT

00:00-07:30 export 59 MW.

07:30-23:15 export 90 MW.

23:15-24:00 export 59 MW.

= 1904.25 MWh

ANANRWT

- U0 A 7.26MW
- UM B 20 MW
- UM C 0.5 MW

AnLTlL 666.24 MWh

(% v (2
o A

o I o |
onteana latnfuaail

- 13 A 13.5th @ 9.5 Bar ,200°C (Enthalpy = 2,823.75 kJ/kg)

1380 B 8 t/h @ 6.5 Bar,180°C (Enthalpy =2,803.14 kJ/kg)

1380 C 2 th @ 6 Bar,180°C (Enthalpy = 2,769.96 kJ/kg)

139 D 5th @ 8 Bar ,200°C (Enthalpy =2,832.75 kJ/kg)

139 E 2 th @ 8 Bar ,200°C (Enthalpy = 2,832.75 kJ/kg)

dauaneifisl 4.5 Yh @ 9.5 Bar ,200°C (Enthalpy = 2,823.75 kl/kg)
Azl Consumption Steam Energy = 0.3 x 657.69 MWh
=197.31 MWh
BNUNANRRFTUY = HANAR WA ANATY N EGAT+NanaR Wi mw vﬂgfyﬁ@]ﬂ%ﬂ%‘uj
+uan@nlatinkwh

= (1904.25+666.24+197.31) x 1,000

= 2,767,798 kWh



Heat Rate=

(20,138,064,000+147,720,362.26 ) BTU

2,767,798kwn

=7,329.21 BTU/kWh
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FI1919% 4.2 uAAIAN Heat Rate Walinisdnnislunisiinuanan(letin) Inauignaivaniaalavisinaliiarunsonanlatinniss

GUgARABALIAN

FNANAR WA 14
(MWh/d)sdynyiae SEC
Uszinnaes GT 74 We1+ST ¥ (BTU/) SEC ¥ | Aanaau (BTU/) SEC maugau | (BTU/KWh)
GE MS6001B 2,767.80 147,720,362.26 53.37 21,505,353,600.00 7,769.84 7,823.21
GE MS6551B 2,767.80 147,720,362.26 53.37 20,138,064,000.00 7,275.84 7,329.21
GE MS6001C 2,767.80 147,720,362.26 53.37 19,106,064,000.00 6,902.98 6,956.35
SEIMEN SGT800 2,767.80 147,720,362.26 53.37 20,520,576,000.00 7,414.04 7,467.42
Rows-Royce RB211-H63 2,767.80 147,720,362.26 53.37 17,377,536,000.00 6,278.47 6,331.84
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zﬁ'mmmi@%ﬁﬁmmmmLﬁ'u(4.5 t/h @2000,9.5bar)ifwmmqﬁf]msl%ﬁlummam
vifugag Absorption Chiller Ingl#And1LA+84 Absorption Chiller Lﬂu@iﬂﬁﬂﬁuﬁ”ﬂﬂﬁ”ﬁ
lunnsAmAn Heat Rate s ifiAnAldgaaviiunmmenénlernanifisus aslinuls
FisiAnanmszngassiduaininiiu amndiasazes Absorption Chiller 189131
Thermax Uil et BsnnuReafuiudeuii fesnismnefisld Ae SD70A TCU RCooling

¥

Capacity 1159 AuAMNLEN(TR) 11 635.7 th asnsau@avdiulinanmni 6.7-12 C

3

famaannslid Absorption Chiller euAUNTMgN AN RTINS

- Aot uNN lEnaunussUUUFUA NI ALLUAN NN AR ALENNIDINAI9N1

i uazAnldaneluniaguaiinuas

- dluszuuile MliiEnnsgey@eatinluszuuiies ndinisanwleti denisgadenan

uwaziilaniatluitengs

- nlanianienie@n Lﬁmmnﬁmwwmnumnmmm@mammnﬁu

fiai@em0an13 14 Absorption Chiller WguiuNMMNgNAnlatinnLFN

= A
- Nﬂ']?@ﬂnu‘l’]@\‘]

U

- wnugesruunaa letn azvin W ldannsa sz uudiuanniald asaasiszuuiliy

anadsastin W 1514 Tunstignidwisadinnsdantings
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4.3.1.3 ldmsannislunsinunandn(liidi+lain) TaamgnAannaundalauiiu
Walia s aRAR e NITAIEIEARRAALIAT  WAZIANLATAIN  Base  Load
ARDALIAT

$2
o A

drurundeane i dusadl
EGAT
00:00-07:30 export 59 MW.
07:30-23:15 export 90 MW.
23:15-24:00 export 59 MW.
=1,904.25 MWh
anAnE

- 13Hn A 7.26MW

- 131 B 20 MW

- 13 C 0.5 MW

- 00:00-7:30 31 MW

- 23:15-24:.00 31 MW

AnLTli 921.99 MWh

(% v (2
v A

o I o [
tonTeane latnfusail

- 13 A 13.5th @ 9.5 Bar,200°C (Enthalpy = 2,823.75 kJ/kg)

- 13¥M B 8 t’h @ 6.5 Bar,180°C (Enthalpy =2,803.14 kJ/kg)

- 13 C 2t/h @ 6 Bar,180°C (Enthalpy = 2,769.96 kJ/kg)

- 1M D 5th @ 8 Bar ,200°C (Enthalpy =2,832.75 kJ/kg)

- 1M E 2th @ 8 Bar ,200°C (Enthalpy = 2,832.75 kJ/kg)

- gdowaneniin 4.5 th @9.5 Bar ,200°C (Enthalpy = 2,823.75 kJ/kg)

Azl Consumption Steam Energy = 0.3 x 657.69 MWh
=197.31 MWh
arnnnanansiadu = uanan n N dy i EGAT+RanaR I mudtyagnAnau

+NANAR LRI kWh



=(1,904.25+921.99+197.31) x 1,000

= 3,023,548 kWh

(20,138,064,000+147,720,362.26 ) BTU
3,023,54.8kwn

Heat Rate=

=6,709.26  BTU/KWh
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FN979% 4.3 ULAANAN Heat Rate a1nnisldinisdnnislunisiiunanan(Win+lamn) Tnamgnauiesndelatiinielfiaiunsananlaniinindsgega

a A A
AARALIAN LLALLAULATANN Base Load AARALIAN

FNANAR WA 14
(MWh/d)sdynyiae SEC

Uszinnaes GT 74 We1+ST ¥ (BTU/) SEC ¥ | Aanaau (BTU/) SEC maugau | (BTU/KWh)
GE MS6001B 3,023.55 147,720,362.26 48.86 21,505,353,600.00 7,112.62 7,161.48
GE MS6551B 3,023.55 147,720,362.26 48.86 20,138,064,000.00 6,660.41 6,709.26
GE MS6001C 3,023.55 147,720,362.26 48.86 19,106,064,000.00 6,319.09 6,367.94
SEIMEN SGT800 3,023.55 147,720,362.26 48.86 20,520,576,000.00 6,786.92 6,835.78
Rows-Royce RB211-H63 3,023.55 147,720,362.26 48.86 17,377,536,000.00 5,747.40 5,796.26
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anfiayadnaan irainnislilndougiinaa drusuAanisaunnalug) Andmnen
ANNTIa1N13 1 (Time Of Use rate ,TOU )aziiian 49491941 Peak $1A1 2.61 LNN/KWh
uaz Off Peak $1A1 1.17 LNM/KWh Fawn 1A Heat Rate annnislnnsdanislunisiia
wanan(lliin+lati) Tnangnéniernielevinfisiieliasnsonanletinfitdegean
PABAIIAN LATUALLATRNT Base Load AABAIIAN NIAAFUNUAIN AN AT
NNl GE MS6551B 1AM Heat Rate il 6709.26 BTU/KWh

o 24

AMTIANNNTEIINTNA WINTL 0.000303 LIN/BTU

v
[ 2 1

QU AU UANANTAZWINAL 6709.26 x 0.000303 LNN/KWh
= 2.03 Um/kWh

naunnsliullgs GE MS6551B HA1 Heat Rate winriu 7,397.13 BTU/KWh %38 &
FuuAAng 2.24 UIM/KWh naanstiuiles 1A Heat Rate winfiu 6709.26 BTU/KWh
WIRNAIUNUANTNT 2.03 LNN/KWh WI8aRAaY 687.87 BTU/KWh Antilis 9.29 % fiunuanas
0.21 um Amil 9.38 % wailuspenWilngns Off-Peak 1hs Anndndunu Fufidlufu
NM9IANHUINU
4.3.2 ansunumanasnuleg ldnslszudanasnuiiaanFanunisldngany
TudruaiuayUNITHAR
daw Utility wiadlwszuulung 16 4 sz Aa

- Gas System

Air System

Water System

- Cooling System

a

= Ly o A o v dl QI o 2% dl
1.Gas System N‘qﬂﬂ?mwaﬂﬂ@ Gas Compressor NMUUINWNLINAULBANNTETTNT AN
o ¥ dl o (24 dlu/ ¥ 09; OI a 1 U dl P2 a .
FUENNUBIRNN LI AULRINNENFUENNHUAN RN AT 1 TUn19LAY Gas Turbine
sznavbiag
- Gas Compressor 500 2% 1.2MW LN 24 h
- Gas Compressor 600 141A 1.8MW azyingulunsiigniaumsaiieninistanings
GC500

NANUN I aALFady = 25MWh
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2. Air System vinutindnainiaive i lunisasuanglnsniuazeudentings Inadigiinend
o A

Wan e

- Air Compressor 2 fia 2U1A 75 kW IngasdauiimuLases

3. Water System uilsaaniiluszuvsiasan 2 szuy Ae ILULNA UALILLILTNRe
3.1 ?t‘i_l‘i_l‘tf’]ﬁ (Raw water and Service water System ,Demineral Water System)L‘fluﬁ‘zuuﬁ
Sutintlsv1dinan s N Y LLANg Demineral iitetlowliify HRSG W lunnssanlet
dsznaufanginsnindnae

- Raw water forwarding pump 2 #2 2u1m 44.5 kW

- RO pump 2 87 2U1A 74.6 KW

- Service water pump 2 £2 AU1A 18.5 kW

- Demineral water pump 2 69 2UA 11 kKW

- Feed water pump 3 #22116 530 kW

- Condensate Extraction pump 2 £i7 2110 132 kW

- Vacuum pump 2 #9 2u1a 37 kW
3.2 svuLinide (Tertiary Plant)Lﬂuizuuﬂﬂﬂm{ﬂL'Zﬂﬁ'?ummﬂmiﬁmuLﬁ@i%iuizUUﬂd@
fiaas Steam Turbine Condenser Ingtlsznaulifaeginsnivan Aa

- Clarifier water feed pump 3 62 AU1A 55 kW

- Air Scours Blower 2 51 2117 11 kW

- Treated Waste water transfer pump 2 61 2110 54 kW
4. Cooling System azuiivaanmauaiinuesginsaiudn Aa Gas Turbine 14 Fin Fan , Steam
Turbine 14 Cooling Tower

- Fin Fan ¥yt zenilasuninsienssndnming i lunisssinananabenaes
SLULTNTMARAY TUaNANNEueN IAETWAANITLNEALEEY Unit A2 8 FA 2 unit 7NA
15 kKW/pin

- Cooling Tower FUERs LN AL SR TIILN T LITUNN TN e AR AL
a1 Condenser Ingiginsnianaa

- Cooling water pump 3 62 2u1m 280 kW

- Cooling Fan 3 fi1 2u1m 186.5 kW LaUAaan 24h



[

TnerlAiananwimnielunisyfulpedouativayuniangn Al

ada =

eV [ [~ 1o a
4.3.2.1 MnAtassNINANFINNNusInuInna nazlianilufaaiu Gas
Compressor 42w 13 waaau Wil A lElun1snananasain 95.78 MWh wiaa 70.78

MWh 112111 AR Heat Rate aZlé

Bunafngsssngn@n madu=24 x(GToutput x Heat Rate GT )x 2unit :BTU

24 x 39.1 x 1,000 x 10,730 x 2

20,138,064,000 BTU

o ANRALANINIUNNF I NAN W UNN TN AR LA A LAR
Bl ldsadu = ! kWh

30

Aleatannn i Bunaunisindsnulun AR LAz e = 2,873.37 kWh
BrnadlWini 1% sedu = 2,873.37/30
= 95.78 kWh
laifin91Au GC500 azinae 95.78 — 25 = 70.78 MWh
/1N 1 kWh = 3,412,142 BTU
=70.78 x 3,412,142 BTU

=241,511,410.76 BTU

'
| A a

waztiasann WA 1E lENN1aINIUUNITUAR TINUTLANTNINIRA 45.2 % 1NAN

tsr@ansninsanatonnldlunsanAinasanuaniunnslwinnld Aa
=241,511,410.76 x 0.45 BTU/d

=109,163,157.66 BTU/d
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rnnnanansadu = nandn Wi ndy EGAT+uanan InimndynngnAnaw
+NANAR A1 tkWh

=(1,904.25+666.24+171.89) x 1,000

= 2,742,385 kWh

(20,138,064,000+109,163,157.66 )BTU
2,742,385kwn

Heat Rate=

=7,383.07  BTU/kWh

reunsliules GE MS6551B A1 Heat Rate winriu 7,397.13 BTU/KWh %78 &
FuuAAng 2.24 UIM/KWh 1aansiutles 1A Heat Rate winfiu 7383.07 BTU/KWh
WIRNAUNUWANTNT 2.237 UTWKWh M38AAAS 14.06 BTU/KWh Al 0.12 % fiunuanas
0.004 U AnLili 0.18 %

TnauuaanAaiifuivesnisuansliiviudana aannisiuayldldounszuaunig
e 4 w| o] - SNy
WHuseAuAng BeBualninn g ludonaesnssusuniainusssiufing dige Auiulunig
o d z DA = ad Ay e
wanfiunlunissalslnilnmasnazed luwwavieingsssnan s feazdosanenldansfianann
11 wrilseanusnatinaiusisaguaniuaviaingassiasidrldanain ludauaesnssuaunisiig
WA AN NUTE WD ULaznfeans i Usm iNiussdusiune azfieadasnldans

v
%

a o ] 1% dl dl A ' = [
@Jx‘lﬂﬂwx‘iﬂ’]@ﬂ\mqN@ﬂ?%%ﬂmﬂ@jﬂﬂ’]@u’]ﬂl‘ﬂ\‘] Uav. NlFuuaviaipeaiu

4.3.2.2. M5 M Variable Speed Drive(VSD) AILANNNSYINUERINaLnad w19y

dl v dl 9./4‘ = ' e ©° 26 ¥ o 1 1
ﬂ'J’ﬁJﬂ?.l‘ﬂ\‘]llWW’Wlsl‘ﬁ FIAZHNAADIALUBINALAT NN I LENTEIaanas anAlae19l

n19l4 VSD AaLANN1INNIUTD Service water pump IWA 18.5 KW
Wwalitdasanisdinla aunsaBaudiausenananisid VSD Tuauszuy Pump WAZ

v
o

Fan lulssnuaaaninssy Gsilamnsdinas Aadl

ILALNAINNIINNULBINDLADT 24 Hr



Control pressure discharge 1 5.4 bar AatiazlEnanisnsa

C e day .

ANASIUN ManuTaqiii 10.73

1 o d‘ v o 1 o

panaaunlduaqiiusedn 1073 x 24 = 257.52

A3UAA VSD LA IFINUNANND 42 Hz AMWAIIY 8.3

ANAL U aRa VSD 8.3 X 24 = 199.2

ANNAINUNANITDAAAS LALNARA VSD257.52 - 199.20 =  58.32
58.32 x 365 = 21,286.80

% 1 v o ' 1

BAn N wazANANIWTNFA Mneay = 2

Al Aatindszuenld 21,286.8 x 2.00 = 42,573.60

Nua9 VSD+Cabinet = 87,000

ITHTOAAUNU = Ruaanu

87,000/ 42,573.6

2.04 1l

NANIFFITIRTANAINITAARY Inverter

1 v v
118997nN19 M9 UL ARSI L AL

dasanifluszat Alarm pressure low 28951 Service water pump

4
o 1

74

kW

kWh/Day
KW

kWh/Day
kWh/Day
kWh/Year
Baht
Baht/Year
Baht

/ Rup WA Rdsenenlsmall

Pressure discharge Iﬁzg\mdﬁ 5.2 bar

py ¥ | ' o . =KX A ~ 1%
LWAZLABLIUTINUNNUBNTEAL Pressure discharge Q9LAaaNNaspNAn Inverter 13

o o

d’j
AR

ANTZUNANBUNIRAGY Inverter

Power Supply MCC.
Water Pre.
/ bar. Frequency Current Voltage Power
6.7 50 Hz 17.83 Amp. 391.9 Volt. 10.10 kW.




ANNZURINITRAFS Inverter

75

Water Pre. Power Supply MCC.
/ bar. Frequency Current Voltage Power
54 435 Hz 14.65 Amp. 400.7 Volt. 7.03 kW.
MsAanEaLsE S RANNN TR FaeES

F2AUZIIAINIININULBINALART 24 Hr

e Idanuiaqii 10.1 kW

pnasUilEaTaqiiusie s 10,10 x 24 = 242.4 kWh/Day

nsilia VSD waz1$euiinanad 43.5 Hz Andsany 7.03 kW

AndauilFiflesin vsD 7.03 x 24 = 168.72 kWh/Day

ANE s Tnanadld 242.4-168.72 =  73.68 kWh/Day
73.68 x 365 = 26,893.20 kWh/Year

Ban i mdaaaz = 2 Baht

An I sied i lsemenlA 26,8932x2.00 = 53786.40  Baht/Year

ﬁumnu VSD+Cabinet = 87,000 Baht

FLAULIIAAUN U

= Ruaanu / Ruanindsendalésiatl

87,000 / 53,786.4
161 1

ANNNANITIAAINIT EWANIUATT AZHAUINNIT M VSD &1uNT0 e aniFu1ninig 14

was Ul resuamaiuunalun ldunn wanzdunisi ld M sudundaus lvuandnn i

[ o [ 1 = dl s v o dl o 09/ dl o
Q’WMiNLﬁ]NﬂW@Q 11U AN1TUANAIRIUTIaaNTaN TN INAaA LN AULA TN TN NaanaIniTy



76

v £
v adlakx

wazanaansgUnenivdndaulunaes Utiity siupetiu Asingiaamnsnzuinisii

szensilg

4.3.2.3n’1‘m]§l'ﬂu‘ﬁﬁﬂﬂlfmﬁumn Submersible 111w Centrifugal Pump

foyanFaumeuszudniluisaesniin

Submersible Pump Centrifugal Pump

k4
o

A dgj dl a ¥ & d” dl a n’//
FRINTTWUN lUNsRAAITian FRINTTNUN LN IRAFAININ

2
o

AmsalFdne

k2
o

AARILINN

finansnnasilngandnCentrifugal type | fiasnasinasiviinilaandn Submersible type

Tuanaminu Tuaamnmu
111995n1781N 11995 n19e
ANLINZAIN TS ANLNFINEYN

F21NEANNNERUAIEINN 9211N8ANNNERUAIEINAANTELNEIAINNG DL

Funaunsldnasenues Submersible Pump

Time Start Voltage Current Pressure Flow
A/B/C A/BIC bar m’
15.3 388/386/388 79.4/77.7/77.5 4 72
15.45 387/387/388 79.3/77.8/77.6 4 72
14 388/387/388 79.5/77.6/77.6 4 72
NN MnNase11a8d Centrifugal Pump
Time Start Voltage Current Pressure Flow
A/BIC A/BIC bar m’
10.3 392/391.6/391/6 59.5/60.0/61.2 4.3 75
11 391.9/391.5/392.0 59.7/60.1/61.1 4.3 75
1.3 391.9/391.5/391.8 59.6/60.1/61.0 4.3 75
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NITANUIDANTANNU

2uAANNARINTITHN 189 Pump fawAs (Submersible type) 2118 41 kW 380 V, 79

Amp. AndNameplateA 7 Ea1ua39 78 Amp Manudsyanns 15 dalua/du
ANNNAa Winaes Pump Fialud (Centrifugal type) 2108 32.69 kW 391.7 V, 60.3 Amp

ANNAa Ul 1ea Submersible pump FaLAN = 1.732x388x78x0.8 = 41.93 kWh
WuLsranns 15 Falug / 34 TAnasanullil = 619.5 kWh

ARl 1e9 Submersible pump FAlANASLT = 619.5x 365 = 226,117.5 kWh/L

ANaaulinees Centrifugal pump faludl = 1.732x391.7x60.3x0.8 = 32.69 kWh
Wusennns 15 Falug / 34 Tanasanulnii = 490.35 kWh

Anaaulinuea Centrifugal pump falusiset] = 490.35 x 365 = 178,977.75 kWh/1]

Al natlszndegna = (226,177.5 - 178,977.75) = 47,199.75 KWhiJ
amnsANIAS A Aandng = 2.0 UIN/KWh
satiunalsendnausall = 94.399.50 unsaLl

A = o A
ANTTUTIAAUNY = Ruaswualszvdnsel

AR SERIZIIANALYY = (52374.51/94,399.50 ) = 0.55 1

AINNANTT MINANUAZLAWIN Centrifugal Pump Twa%91uiiaanan Submersible Pump sl
09; d”?/ o =<K K v v 1 dgj dl a :; o 09-/ [~] v d}
MadfagAlanedanInns Idaulssnaufae W NUNNNTRARY  ANEUZIRan WA T

1AT9NII AT ATALAI LN 01

3 a o/ [ [~ a a [ %
4.3.2.4. n15vagudiaraslunataInnaNt U lunalsEus AU

8INFIBLNY

1. luWAa89 Cooling Fan
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sruvvievaeifiun i iuvevaediuaiia 3 Cell Insdiuresluimiiluian
%1 Fiberglass Reinforce Vinyl Ester #unai&ueinuausinans 30 W dsandiayaiuin
nslinasulinaesmemeizeaenaeifiuusazCell aziensnisldnaasnulviin
Uszann 140 kW/h - anseuznisinauiuglnsninaan 24 falus

= o o o o dl = o

ANNTANEININULesalnsalluialse ndANATINU THUANNTaaNIULATN
#ANN"3 Aerodynamics Tnel#3anilszinyn FRP (Fiberglass Reinforced Plastic) $aumiu

44 o o v s das S
Epoxy Buiaiinnlasunaunuluwmnunldes wasainisndqeiinilss@nsninnis
Meueanensaifiu Larandnsnslindsnulninuesaineiaeaensaifiuusas Cell

18Ussu10s 20% (+/- 5%)

ANUITUNNT WA 28 TUNALAN

nauaeLdi 119K 1 e Usznaumie 3 Cells
ans1ns 1 Wnse 1 Cell = 140 KW/ Hr.

gausmI NI AN 3 Cells = 140x3 = 420 KW/HT.
NIRRT IR

LHUNN31I1393N17 Cooling tower 3 Aaups 14 8 gl

ARTA TN UTRINeN AR LSiuFel] = 8760-(4x8) = 8728 FaTNa

8791019 1 N patl = 420 KWx 8,728 Hr. = 3,665,760 kWh/Year
= 3,665.76 MWh/Year

AuuNg WAL AL asuluwe i
PANAALELW 911U 1 UUIE Usznaudag 3 Cells
#m371n17 1% Il sia 1 Cell = 112 kWh

99:u8RIINT 1 N 3 Cells = 112x3 = 336 kWh.

D

'
a o

ARTQlHIN1IN9UIaarAaISiuFatin 8,728 dalug
#R91N19 4 I sl = 336 kW x 8,728 Hr.

= 2,932,608 kWh/Year
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o ¥

ATRITUTSEUSLIRTANYY

v
o o

patll nalsevdngna = (3,665,760 - 2,932,698) = 733,152 kWh/1l
anTANNNAS A Aaning = 2.0 UMW/KWh
patiunalsendnausall = 1,466,304 UMl

A a2 o A
AMNITUSLANTIARNY = Numnu/mﬂ?wmmﬂﬂ

v
o o

AL SEEIZAN ALY = (1,800,000 / 1,466,304 ) = 1.23 1

2. lunWmaag Fin Fan

52U Fin Fan Cooler nlditTaqiit #a1uau 16 Cells tnadauaasluiniiiuianmia
AluminiumatAEWENUARENAN 1250 mm. fsanndeyatiunnnislindsanulniiues
Nawmaiuea Fin Fan Cooler uaazCell aziansn s nasanulnindszaunns 8.6 kW/Hr sia
Cell

= o o o o dJ = o

AINNM9ANEINNINNUIegLnanlluNA senganATI1Y TIRUANNTRRNULLLANN

uANN19 Aerodynamics taeildd@ntlsziny FRP (Fiberglass Reinforced Plastic) $98iul
4 A . A = 039143030 8 P,

Epoxy duiiathunnlasunaunuluinibamnldes] udsauisndoeivulss@nininnis
N9UT84 Fin Fan Cooler wazanansn1slinasanulnraesnseinasaes Fin Fan Cooler

wiiay Cell 181lsvunny 20% (+/- 5%)

Bunousingalwinildsie Finfan 1 6 8.60  kWh
waalinaaas 20 % @il luntlszudandanu 6.88  kWh
Ueenlnnasanusaso 1.72  kWh
3791 Fin Fan filhunan 8:00-22:00 16 6

3 9% Fin Fan fihiuean 22:00-8:00 14§
Suudalans AL Fin Fan(35094) 8,400 h

nisldnasanunaunisdiuly



NAWIUN I E991H149A7 8:00-22:00 . 674,240 kWh
WAL M E99M 1 R1A" 22:00-8:00 1. 421,400 kWh
nslnasunaunisiullsansied 1,095,640 kWh

N ENASIUMAINITLFULS

WE LT T TRnaaN 8:00-22:00 W, 539,392 kWh
WaR Ha9 7 A8 22:00-8:00 1. 337,120 kWh
M3 EnANUNAINI9LF UL esansaT] 876,512 kWh
WRUTLszudngaeTiAwaa 8:00-22:00 . 134,848 + 84,280 kWh
wiuflszuda 1 luna 11 219,128 kWh
AW Femae 2 UM
AT uuRuisymea 438,256 UM
NIIANUITUAAANYL
AnldanelunnsiAsuluwmsl s anasany 880,000 UM
FLULIIAAUNU = 880,000/438,256

= 2.01 il

v o = N o g om d o y .
ANNNATBINIT M NALLIIRAaNNUATN et AswlUAR N1 AMENAY TN
11 Az ianBunun s WA 1A LA LAReIANTND9 TN AN LT Ia9a Nl 7 14

WA 1194891ATINITANTRILENULEFALLAD

4.3.2.5M98ANTLEWAINULRY RO Pump 1agl antuinuasluas wazilszaneld
VSD ALAN

1.nsaanasulaenlasuaneveiy wesantiunldnue e 3sfiasn1sdnme s
Tnsiinanaunu usanfaganisleuasanudn tudawalug)iiundinislanuasa Ay
v

oy

RO Pump Data

Pump Flow rate = 81.1 m3/h

Motor =75 KW.,3,000 rpm, 400 V/ 3P /50 Hz

New RO Pump Data

Pump Flow rate = 60 m3/h

80
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Motor =22 KW.,,3000 rpm, 400 V/ 3P /50 Hz

AN 4.4 1L EaUNeUITUIN9nNTA U Larn3 I ase el N waz i

Design data Actual data
Old pump 75 60
New pump 22 22
Energy Save(Old-New) 53 38
Energy Save/Day(16hrs/d) 848 608
Energy Save/Year(365-9)(kW) 301,888 216,448
Cost Saving(2Baht/kWh) 603,776 432,896

mnumﬁﬂu Pump ‘vl 2 gp] 185,640 = 371,280 U
Energy save = 216,448 kW/year
FLUTIIAAUNU = 371,280/432,896
=086 1

2.117AANANILNILE RO Pump AN tasld VSD ieannisnasanuaed motor

Motor Load before adjust speed 60 kW

Motor Load after adjust speed 50 kW
Energy save 10 KW

Total energy save 57,600 kW
Total cost saving(2Baht/kWh) 115,200 Baht

A uAnAIR NIl NW 40,000 LW
Energy save = 57,600 kW/year
= =l
TCUTHINIAUNUY = 40,000/115,200 = 0.35 1
1pe19197999 U2 B4R AN ANDLNNT I ULLINILIN AR AU ATR9TH 1THA9RINAIN1ID

| dj a v a ] = ¥ ¥ o a @ 1%
mﬂ@mﬂmmmmmmmm\‘imumu 11 RO membrane 'ﬂﬂﬂn@‘lﬁ LL@$1®ﬂqLuuﬂW?L@?@ Nl

4326 ﬂ%‘uﬂgqqﬂmninsmmmmm:%udquLﬁmﬁuﬂizam'ﬁmw Gas turbine
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=< R A

TunsuA R WA B e TANAI AN TE NI A ARIANTNINITANAIUNANIRY  LAZAINN

v 1
o o

d‘ A o dl” a o :: =X ya . A
A201AUBIRINIAN I HANALITBNAS muuimmumimmm ANNIBVIDINA (Filter) W@

dl o d’l a 1 o v . 1 dll va :/J
NTIANRINIANACNANNLLTALNAN ﬂﬂuu’ﬂﬂmﬁiﬂﬂi‘u Gas turbine LLWLH@\W’]ﬂIﬁ‘\‘i\ﬂMiﬂﬁlﬂﬁl\‘i

o a

o a dl IS a dl 1 dl 1
AAANTANDINIATUA F7 #elANNaziagal 1 unang @Wﬂ’WWINquLﬂi"ﬂ\?ﬂﬁ‘ﬂﬂﬁlﬂﬁJﬁiu@Z'ﬂ’ﬂ\iﬂu

'
1 =2

At TRTAINARRANEN WA WS azemnIn17lE i ma AR LN NNINARTR91999NY

u

(Heat Rate) tsznauriuginsninsasainimaiin F7 Hengnisldeuduniliifiesganisnas

Wwanlasuginsninsesennia  dssunnupeuazai  wasdslfliunlaeuiudon G133

coating altianisonugunniligeuie 2084 F 7nlii gas turbine aunson@sluiin

¥ dp dl PR dl” a 1 a
Vmemmwmﬂm FIRLNANINILAN

v v
(%

nelssnulifnssginsningasainiasiin F8 unuttn F7 uay Tudou GT33

. o v ddg/ 3 o 1 dl dl dl [
coating W1l Heat Rate AU uUaNAINUL degeanaIngmATadiallasudannsad
= o a = P o = '
2INA LHaRINTaANIBNaINIATHA F8 Hatenisldaulssunnt 75 Ju wazisA1gnnan

TAANIBIBNVATHA F7

2

o dl o ¥ a a a dl =2
1 .wmmumﬂiwam1mmﬂﬂimmmwmwa ANGIUU

Heat rate ﬁ@uﬂﬁ*uﬂa;\m?iﬂ (N.A.-N.8 50) = 8,583 BTU/kWh
Heat rateu@”@ﬂﬁ?uﬂqaL@E‘im(m.ﬂ.eso—u.m. 51) = 8,520 BTU/KWh
Heat rate 7ianad = 8583-8520 = 63 BTU/kWh
Brnadlwinisanldann Unit B = 403,174 MWh/Zl
Brnusfnasssuanafisyeald = 25,340 MMBTU /1
$1A1 ANBEITNLNR = 207  UM/MMBTU

= 5,257,792 U/l
2. waaa Ul lunns9n Off line comp. washing

1Tl Heater 8114714 6 Flu = 9 KWh/A54



12la Pump a9 0.6 dalua = 324
11la Fin fan cooler motor AU 9 TN, = 77.94
\1la Lube oil pump A119% 9 T4, = 270
i1la Turbine exhaust fan A1 3 TN, = 54

11ln Turbine & accessories AU 3 d.= 45

FEN = 779.94

Filter F7 ﬁ@mqmﬂdﬁ?ﬂ\uﬁ@ﬁﬂ Off line comp. washing =

83

kwh/ ﬂ%x‘l
kwh/ mi‘j\‘i
kwh/ mi‘j\‘i
kwh/ ﬂ%x‘l
kwh/ mi‘j\‘i
kwh/ ﬂ%\'l

12 AT

Filter F8 fiaauelnLAsasivani Off line comp. washing  =12/(2.5 1naw/A39)

= 5 A%

‘Mﬂqulo’] Off line comp. washing a7 ﬂ%\‘l /1
Anundaanuiilsendnls - 779.94 x 7

= 5,459 kwh/il
RunasinsuAaiianassionis 2 675 Ama/Ass
AaLilu = 675x 7

= 4,725 ans/il
BN AN TN AT AAAEAS = 1.77 MMBTU/A5a
AnLilu = 12.39 MMBTU/A
AiluAndanei szudnl = (5,459x1.77) + (4,725x8) + (1.77x207)

= 47,829 v/l

3. n9UszusinAldaneannan Filter
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91AN989 Filter 1Hin F7 = 5,930 U / WS
99AN904 Filter 1m F8 = 4,800 LN / WB
AMUA1 Filter 789 Unit A = 120 AN
nalseudnauanldans = (5,930 — 4,800) x 120

= 135,600 um /1

4. 318/ lFNINTUAINNITANIIUIUNINYALATENLNDYIN Off line compressor washing
92ULIANNINN OFf line comp. washing = 9 P,/ AT

Filter F7 fiaauelnLasasiivani Off line comp. washing = 12 AT

Filter F8 fiaauenLAsasivan Off line comp. washing 12/(2.5 IAW/AT) = 5 A5

Wa”\‘muﬁLaﬂ‘l:@mmwiﬁ@iﬂ%ﬂumammmﬁ;m = 34 MWiaks
AW (3nAN N 8) = 25 UN/kWh
e lFRisd = (12-5) x 34 x 1000 x 9 Fl/AFax 2.50 LAN/KWh

= 5,355,000 UN

AlE|Ne NG 8.5 MMBTU/MWh 34 MW x 9 x 7 39 x 8.5 = 18,207 MMBTU
= 18,207 x 207 UYN/MMBTU

= 3,768,849 UM

Anldane ) = (5,355,000 x 5% )
= 267,750 U/l
e UG Vi = 5,355,000 - 3,768,849 - 267,750

= 1,318,401 U/l
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saupatlssleminlasy  (1)+(2)+(3)+(4)= 5,257,792+ 47,829 + 135,600+ 1,318,401

6,759,622 U /1l

IR = 13,039,776 1™
Halszueianla = 6,759,622 U WAl
FLULIIANAUNU =1.921

Tnalasanisdananliinntiuniaadaude  uazilaqiiuagseudnanisaniiunisaausiin
4049 Filter F-8 1l HEPA Filter Tailtsz@nannlunisnsesnaty aniadannliildfesnnnng
Offline Comp washing Aaaniat) asiuselfazinauiiasanlifinisugaiinesin Offline

v

Comp washing kazAn 8@ Heat Rate 1721
4.4 A1 Heat Rate NA7NgA1231591uAREN A lELUINNLAURNININNA

GE MS6551B

a

(2] nll 1 = o [~ 10 [~1 % a
PINANGEIINTNAN AN T sasusanwe ez luailufiadiis Gas Compressor
Annse i doufinludag Off Peak
An1921e e 35 th

= o o
An1rdseudanasany

2 v

Fruoynmeans Indlusss
EGAT

00:00-07:30 export 59 MW.
07:30-23:15 export 90 MW.
23:15-24:00 export 59 MW.
=1904.25 MWh

v A
anA1aL



17 A 7.26MW
1780 B 20 MW

131 C 0.5 MW
00:00-7:30 31 MW

23:15-24:00 31 MW

AnLTli 921.99 MWh

dyoyndaana lavinfuaall

alf

v

1380 A 13.5t/h @ 9.5 Bar ,200°C (Enthalpy = 2,823.75 kJ/kg)
1389 B 8 t/h @ 6.5 Bar,180°C (Enthalpy =2,803.14 kJ/kg)
1380 C 2t/h @ 6 Bar,180°C (Enthalpy = 2,769.96 kJ/kg)
138 D 5t/h @ 8 Bar,200°C (Enthalpy =2,832.75 kJ/kg)

1780 E 2 th @ 8 Bar ,200°C (Enthalpy = 2,832.75 kJ/kg)
dauaneifisl 4.5 Yh @ 9.5 Bar ,200°C (Enthalpy = 2,823.75 k/kg)

Consumption Steam Energy = 0.3 x 657.69 MWh
=197.31 MWh

sunaufngassnain madu=24 x(GToutput x Heat Rate GT )x 2unit :BTU

24 x 39.1 x 1,000 x 10,730 x 2

20,138,064,000 BTU

1 dl A o a 1 A
ARALAINUENIUNTIENAI U TN INAR LA AT AR

1Bl ldsadu = ! kWh

30

ANtaataIN1TAFNUNN T MNAw W lNN AR LAR LAY = 2,873.37 kWh

BunlWi~nldsadu = 2,873.37/30

=95.78 kWh

86
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11ln"91A1 GC500 azinaa 95.78 — 25 = 70.78 MWh

IS o Ly o

ANITAUTNEHNANIU - 70.78 - 9.489 = 61.29 MWh
{11 1 kWh = 3,412,142 BTU
=61.29 x 3,412,142 BTU

=209,133,595.32 BTU

=< =

waztiasann WA 1E lENNaINIULNIIHAR TINUTLANTNINIRAS 45.2 % 11AN

1srAnsnnsanannunldlun1sAn Anass1a N Wi N1 Aa
=209,133,595.32 x 0.45 BTU/d

= 04,528,385.08 BTU/d

|
v A

rnnnanansadu = nandn Wi EGAT+uanan InimndynngnAnaw
+NANAR A1 TkWh

=(1,904.25+921.99+197.31) x 1,000

= 3,023,548 kWh

(20,138,064,000+94,528,385.08 )BTU
3,023,548«wn

Heat Rate=

=6,691.67  BTU/KkWh

naunnsliuilgs GE MS6551B #An Heat Rate Wwinriu 7,397.13 BTU/KWh visa &
FunuAAng 2.24 UWM/KWh 1AIN19UFuLlge 16iAn Heat Rate winfiu 6691.67 BTU/KWh
WIRNFAUNUWANTNT 2.03 UIN/KWh 1i50anas 705.46 BTUKWh Anill 9.54 % fiunuanas

0.21 U ARLIY 9.38 %



88

4.5 A Heat Rate NANAAIAL IHUUININLAUANINNUNA WASLABN Best Technology
Rl

Best Technology lunivisnena maluladl 184 Gas Turbine AMNN1TANUINIANIY
1 Gas Turbine 7'¥iAn Heat Rate N1A714A A9 Rows-Royce RB211-H63 WiaNvi999uua

ann9 M ATUIaENI9NI199ANIIANNIANLIL

Rows-Royce RB211-H63

a

PINANGEIINTNAN AN T sasusnnne Aazluiailufiadiiss Gas Compressor
Ans1e il dauiniulutag Off Peak

Jn3aelating 35 th

o 6 o

ﬁﬂ’]ﬁ“ﬂuﬁ‘ﬂﬁw WU

q

v (2
o A

Fouoynmeane Il uass
EGAT

00:00-07:30 export 59 MW.
07:30-23:15 export 90 MW.
23:15-24:00 export 59 MW.
=1904.25 MWh

ANANRW]

- 1N A 7.26MW
- UMM B 20 MW

- U5 C 0.5 MW



- 00:00-7:30 31 MW
- 23:15-24:00 31 MW

AnLTli 921.99 MWh

v v $2
o A

o IS o [
tuozene lavndlunei

- U3 A 13.5th @ 9.5 Bar ,200°C (Enthalpy = 2,823.75 kJ/kg)
- 13¥M B 8 t/h @ 6.5 Bar,180°C (Enthalpy =2,803.14 kJ/kg)

- UM C 2th @ 6 Bar,180°C (Enthalpy = 2,769.96 kJ/kg)

- 13¥W D 5th @ 8 Bar ,200°C (Enthalpy =2,832.75 kJ/kg)

- 13¥WM E 2 th @ 8 Bar ,200°C (Enthalpy = 2,832.75 kJ/kg)

#UNNN 4.5 th @ 9.5 Bar ,200°C (Enthalpy = 2,823.75 kJ/kg)

azld Consumption Steam Energy = 0.3 x 657.69 MWh
=197.31 MWh

runauRnaassuanin Msedu=24 x(GToutput x Heat Rate GT )x 2unit :BTU

=24 x44x 1,000 x 8,228 x 2

= 17,377,536,000 BTU

o e ANRALAINFNIUNFIENAN W UN AR LA A LAR
B ldsadu = ! kWh

30

AteatanisinLBunaunislinssnulunisianusaziiaw = 2,873.37 kWh
Wanodlnin7iliisiesi = 2,873.37/30

= 95.78 kWh
laifin91AR GC500 azlnae 95.78 — 25 = 70.78 MWh

= o 6 o

HNNFAUTNENANIU - 70.78 - 9.489 = 61.291 MWh
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{11 1 kWh = 3,412,142 BTU
=61.29x 3,412,142 BTU
=209,133,595.32 BTU

waztiasann WA 1E lENNaINILuUNIIUAR TN ANTNINRAL 45.2 % 11AN

1srAnsnnsanannun 1 lun12An A NasuanBU WA N1 Aa
=209,133,595.32 x 0.45 BTU/d

= 94,528,385.08 BTU/d

|
v A

rnnunanansiadu = nandn Wi udy U EGAT+uanan InimndynngnAnaw
+NANAR AN kW

=(1,904.25+921.99+197.31) x 1,000

= 3,023,548 kWh

(17,377,536,000+94,528,385.08 )BTU
3,023,548kwn

Heat Rate=

=5,778.66  BTU/KWh

rieun3liules GE MS6551B 1A Heat Rate winfiu 7,397.13 BTU/KWh %438 H1Y1A0
Ana 2.24 UNN/kWh #a3In1915u1l39 15AN Heat Rate winfiu 5,778.66 BTU/KWh 1isasfiuyu
AT 1.75 LN/KWh 11788044 1,618.47 BTU/KWH Al 21.88 % fiunuanas 0.49 U

AnLTli 21.88 %



FN397 4.5 UAAIAT Heat Rate 2edusiazinatulatinisuanialinsufutlgannuuamis

91

TN UHAKAS WAL
(MWh/d)mudayande SEC
Uszinnaes GT 714 8+ST ¥ (BTU/) SEC W#in | AanaBau (BTU/A) SEC maugaw | (BTU/KWh)
GE MS6001B 3,023.55 94,528,385.09 31.26 21,505,353,600.00 7,112.62 7,143.89
GE MS6551B 3,023.55 94,528,385.09 31.26 20,138,064,000.00 6,660.41 6,691.67
GE MS6001C 3,023.55 94,528,385.09 31.26 19,106,064,000.00 6,319.09 6,350.35
SEIMEN SGT800 3,023.55 94,528,385.09 31.26 20,520,576,000.00 6,786.92 6,818.18
Rows-Royce RB211-H63 3,023.55 94,528,385.09 31.26 17,377,536,000.00 5,747.40 5,778.66




unn 5

asUnanisIde anlsana waztalauauue

5.1.849Uuan19398

o

\HeWA19tUNIAINAY Heat Rate 1841899 Upn@EN9mM Specification NNIAS
nsuangeqn Ineinananniliiesetnafen Ae 6,369.56 BTUKWh HsiunuAAg 1.93

UNN/KWh LElsengust

o

A Heat Rate 18415991159@EN9 A3 Specification NMNAINTHANGIQR H

nandn Wi uazlatn azfindneg5.84 % uazsiunuAindiet 0.11 LIN/kWh

AN Heat Rate 18913997UA98819 AN Specification NNNAINITNARAIN

fynyngeany iy Suands iliwesetiaunes azgandies 23.89 % uazfiunugendna)

0.46 UN/KWh

AN Heat Rate 19913997UF78E19 AN Specification NNNAINITNARAIN

fynngeanyinfuaslenn Suandnlniwianiulenn azgendneg 16.13 % uazfiunug

n918g 0.31 UM/KWh

AN Heat Rate aa4l9991usinasingiaasssidndil 2007-2011 winfu 8,553.60

BTU/KWh @4aziAg9ndnat] 34.29% UazAunugINines 0.66 LM/KkWh

A Heat Rate Waldnisannistunisivunan@s (i) Tnanngnaivasn
Bl dauAuludng Off peak annl9idnu1s0Lm1N Base Load lEnaanataan azmingn

AN Heat Rate 18915991uA20279 ANy Specificationsudtyoyrdaans wilnuaszlaung

o

nands Wi weniulatinet] 8.5%vga fuyuanas 0.17 ukwh Waldnisdannislunig

1%

QI a oy % dl d” 091 QI di % a oa’ all )
Wnnande(latn) TnavngnAienidelatiniiuive liaunsnuae e1innnndsgeg

AaaAAT Az WA A 3%1iTa fuuanas 0.06UMKWh A1 Heat Rate aannnsld
1 v 1 v v ! 1
nsannIslunsiunanas (Wi +1atin) TnengnAninenniae leunisialiaiunsonas
¥de o a4 d o asmy o 4
TN NNAI49qARABALIAT LATIAULATENN Base Load Aanalial azviniiliA6189 9.54
%978 FUVUAARY 0.21 UIM/KWh UATIAIGINGIAT Heat Rate 1991399116008 19m70

Specification NMNaININARGEA Tnadnan@n Wi WesatnwRag ag 5.33%



92

AN Heat Rate 1a4l5991us2asi19Tmne 1 luan19n1stseusdanaaani azA1ad

0.16 %

AN Heat Rate ‘ﬁd‘ﬁ ﬂﬂﬁt?ﬂﬂquﬁl'l@ﬂq\ﬂﬂﬂl‘ﬁLLLL"WI’]\WILZQH@N’WNMN@ nIn

ANTEIINTNRANAININUTAUNINNE ﬂ%”l,siéifnﬂuﬁmﬁu Gas Compressor #1n1327e i

dnuinuludag Off Peak An13anelatind 35 th waziinnslszusanaasny azn i ldAma

|
al

WFiEaPIgaNdAn Heat Rate 284199ausnaEg AN Specification NNNAINIINARGIgAN
nanan Widasetnwnes  4.73%uaznnidasumaTulaginnseamii Rows-Royce
RB211-H63azl4iA Heat Rate Na4n Aa 5,778.66 BTU/KWh ViaaRaL 9.27% AU UAARS

0.18 LN/KWh
5.2.a01Us18uan15938

AINNANITIFENLT A Heat Rate 284lselnisaeeing Hpngendnosin
AandlAan Specification wsINtindan1sapnIsNLszensldazinliflian Heat Rate #

A1 1A MANARTae A1 IALN191AUN Base Load Aaaaanidy a1uisadaslils

1
o o

Fn Heat Rate R34 usazdafudnyaasnemin 5iunsliiindeananuis szmelng A
danunsonian 8l waswnanunsainld sasenlifindidesnisteisdeeglugas Off
Peak azgnndndae Peak finlianaidusaldaingninludas Peak iflasann gnénaznlae
wnlulugos Off Peak wazasvisaneanigldeivluges Peak 11l Tunsiliuilgsdn Heat

Rate #inaundanisideiainnsannlalaenisdiudgaasasdnanan i wsesieiufing i

= a a dldd a o oA 1 . A 1 09/ @
Nlsz@nsn e LL@SﬂW?W@Qﬂﬂ?ML@?N Vi FEUU Water Fogging wran1anuLLu
Y o 1 dl % 1] dl o o &V d! o Y a Dd‘diﬁl =K
ﬁll'ﬂﬂsl,ﬂm_lﬂ’]ﬂqﬁﬂ'ﬂuﬂ@5L?JW@]Lﬂﬁ‘@\?ﬂ\iﬁuﬂ'ﬁ]sﬁﬁﬂZVI’]GLMLT]W']’]?LN’]LLMNVIWllu ﬁ")lﬂﬂﬂ\‘iﬂ’]i
A yaa! QI a 09-1 o 0% o =2 | all
L@’ﬂﬂi‘ﬂ'}ﬁﬂ’]?LWNN@N@ﬁ]?]'ﬂxillﬂu'] wazrann1stsendanasauaaili wanieniunzan lu

n315uil39pn Heat Rate 1iimiaw

andaniuuanisdnynnunenisiWindendauislssmalng fazfiod

A Ly A dl 1% v A a A a a v A a
ﬂ’]ﬁ‘lﬁ]ﬂ?ﬁtﬂ“ﬁu@’]ﬂﬂ'ﬂ’]&l?‘ﬂu%iﬂ@qﬂﬂ’]ﬂf«lqiﬁﬂL‘ﬂ'ﬂL‘WﬂQLW@‘]J??J@VIﬁﬂ”IW"lIﬂQﬂ’]?éLﬂLﬂﬂLWZN

ARALARINNITINNANAR NN AN ANNTAUNAS TidnaziTlulann viratinu Tuani3esay
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ASINARAAG Burunsdidamnaaman FlaNNILAULATEN Bunaundan Wi nanld Bunaslethinan s PG
Lnau /WA . _ . I (nnedms-gala) ()
(Rladne) L) S atalt ylag G
Auiuldies AuFuang Auiuldies AuFuang
3,289.00 @ 9.5 barg
5,734.20 @ 6.5 barg
@ = % N 1,548.10 @ 6.0 barg
UN9AN 2553 121,200 AN897115 606,822.76 | Au TNy 744.00 2,904.53 68,232.643 99,212.37

1,940.80 @ 8.0 barg
536.50 @ 8.0 barg

13,048.60 Total
3,537.37 @ 9.5 barg
5,378.90 @ 6.5 barg
2,002.20 @ 6.0 barg

NNNWUS 2553 121,200 fingsssntn® | 569,308.97 | A g 672.00 2,653.26 63,735.410 91,861.32

2,558.80 @ 8.0 barg
468.30 @ 8.0 barg

13,945.57 Total
4,174.00 @ 9.5 barg
FuAx 2553 121,200 Anmessuand | 658,067.00 | A il 744.00 2,968.35 73,915.050 108,504.12 5,962.10 @ 6.5 barg
2,143.90 @ 6.0 barg
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2,884.90 @ 8.0 barg
397.00 @ 8.0 barg
15,561.90 Total
3,5681.00 @ 9.5 barg
5,840.71 @ 6.5 barg
1,469.90 @ 6.0 barg
121,200 606,312.00 2,842.57 67,564.080 100,472.24
2,037.70 @ 8.0 barg
298.90 @ 8.0 barg
13,228.21 Total
4,195.00 @ 9.5 barg
4,018.10 @ 6.5 barg
1,927.50 @ 6.0 barg
NOBNIAN 2553 121,200 651,066.58 2,974.31 72,032.910 109,732.13
2,535.90 @ 8.0 barg
397.80 @ 8.0 barg
13,074.30 Total
546.00 @ 9.5 barg
714.70 @ 6.5 barg
qnunau 2553 121,200 122,167.37 801.73 22,545.790 15,040.15
276.90 @ 6.0 barg
424.60 @ 8.0 barg
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63.90 @ 8.0 barg

2,026.10 Total
2,934.00 @89.5 barg
4,450.00 @ 6.5 barg
N _ D 1,114.70 @ 6.0 barg

nINHIAN 2553 121,200 AN ATINTNR 535,635.00 | @"u Ty 744.00 2,585.24 60,444.930 86,237.210

2,456.90 @ 8.0 barg
444,50 @ 8.0 barg

11,400.10 Total
3,670.00 @ 9.5 barg
4,856.00 @ 6.5 barg
) ; ) o 1,939.90 @ 6.0 barg

A9AN 2553 121,200 AN 899NN 629,167.33 | @nw Uy 744.00 2,853.03 71,736.070 100,629.500

2,730.30 @ 8.0 barg
267.30 @ 8.0 barg

13,463.50 Total
3,604.00 | @9.5barg
4,756.80 | @6.5barg
fueneu 2553 121,200 AN 899NN 617,853.00 | &1 iy 720.00 2,661.46 70,202.590 99,407.980 248960 | @6.0barg
2,941.80 | @8.0barg
293.80 @ 8.0 barg
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14,086.00 Total
3713.00 @ 8.0 barg
3977.30 @ 6.5 barg
o 1962.00 @ 6.0 barg
AANAN 2553 121,200 ANA5IINTR 604,915.00 & gl 744.00 2,722.30 68,948.373 96,442.250
2664.90 @ 8.0 barg
207.20 @ 8.0 barg
12524.40 Total
3,858.00 @ 9.5 barg
4,106.30 @ 6.5 barg
2,160.60 @ 6.0 barg
quﬂamﬂu 2553 121,200 AVEEITUTG 597,357.00 & ﬁﬁ% 720.00 2,638.52 67,040.228 96,364.35
2,787.50 @ 8.0 barg
379.30 @ 8.0 barg
13,291.70 Total
3,265.00 @ 9.5 barg
4,541.50 @ 6.5 barg
1,308.10 @ 6.0 barg
funAN 2553 121,200 ANT89INTR 603,327.00 & ﬁﬁ% 740.00 2,692.27 67,829.548 99,468.25
744.70 @ 8.0 barg
316.1 @ 8.0 barg
10175.4 Total
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Rolls-Royce

The RB211-H63

The winning formula for Increased power and efficiency




E Rolls-Royce

The RB211-H63

A power and efficiency upgrade Perfection in engineering

Deht g 1MW P bt In th 2 Anncurced n 2010 the new REZTT avolusion il 2 power Gop2 In the The Aol Sy 211 has boon procy g Bactricp o

aiﬁomu{l’ﬂmm“wm&q Irduniry ot Aty covenod Ly oener gas turtines. it wil o nedv 1o and Improved foe naarly 40 years Cartved from 1 300 namessts Tha HE3 daivers Up 10 44MA 3nd 1p 10.41.5% efickancy on natural

1o 41.5 par cant the H63 utlisas the bast tachnology from b thippea for both powst - har powers rumarcus S, the Incusmial angine has stwas bosn G sl for SIE0H 2 bass koac power genatation.

tha company’s float of R8211 and Trent units. Combine deNG SpEICITon om the find quarter of 212 tho uittmate biand of long Spenance an e bat of the aaiabia

this with 2 new high efficloncy, high speed RT63 power technoiogy. T resut sach Hme has boen 2 power genarstor of Machanicd arve

turbine and oparators benafit from a gas turbine with the y cutading relsbity, smplicty and mantastry. Comprasor orhe i 20d t 50000 shaft FONSpows! Continuos

best effickncy in tha 35SMW to 45SMW powsr rangs. operaIng on ranural gas with 3 St peec of S000pm ard bt
Today, by s 3 proven Trent Qi atvances the TRAched to the Hols-Rycs FFEE- 20 plpciing comprasor, with an
FED 1 & se0ing 15 shih cenerton upgrad to prodice 3n engine effickency of 82%
Wt 30 I Dot NG o AN

Tre g aciaven Al osc power In en minutes Iiom cold st
0 5 capatie of Crgng betwean Sguic 3no g lusts 3t 2l power
Iavds WERDWE Setamupbon 1o 1290 Try Low Smeusions OLEL Wit Low
Emsions (WLE) anc non DLE engings e avilsbic
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Rolls-Royce

Trent Intermediate Pressure Trent combustor m};ﬂh Rotoe support via Low lozs diffuser
Coenpressor blading and discs ww&uﬂ?ﬂ%ﬁ 2 forged struts tothe
provides the power and rent generator cuter exhaust
compatible with contralled rotor to
HEI power levels stator concentncity.
RE21T Trent High Pressure
style casing Turbine provides the B ! -
effidency and life |
required
RB211-GT '
Pressure
. )
}
ow 7
e ¥
(S % : &
2 e =g " '2 ”\“
WP ; @
b: N Aite
N \ S
3 T 7= :
I,‘l ] ’! o }=
T )
A EARE
(D |F | "SR
3 ' \J )
¥ 5 RB211 style free standing high
- i \ efficiency power turbine
S r \
un)ns,s{ : \\
Intercase
Teaditicna! hydrodynamic joumal
Blectnc starter system Re-profiled RB211-GT 2 stage turbo core uﬂmmﬁ_mm
new standaed for RE211 Intermediate based on proven dyramic stabdity, ity and long life.
pressure tusbine design :
efficency ed reaction
= HB3

The winning formula for Increased power and efficiency
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THE WINNING FORMULA FOR

INCREASED POWER & EFFICIENCY
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[ Rolls-Royce

The RB211 family

Poweer around the world
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SIEMENS

- e

Answers for Energy

Industrial Gas Turbines

The comprehensive product range from 5 to 50 megawatts

www.siemens.com/energy



Meeting your needs, driving your

profitability: Industrial gas turbines

from Siemens

A mitable, anvironmantally friendly and cost-affactve
power supply Is 3 lay driver for 3 profitable and sus-
talnabie business. Whether you are an oll and gas com-
pany, an EPC or architect enginest, 2 powar producas
of 3 powar us <, wa are abla to offer gas turbine bazed
solutions which wili axactly meat your neads and
incraase your profitability.

Our industrial gas turbine range comprises nine models
with capacities from 5 to SOMW, designe d with your prof-
1tabiEty in mind. Whatswer the application. cur gas tur-
bines mest the equirements for sffidency, mliability and
srvironmental compatibilty, ghing low ke-cyos costs
and the best pos=ibls mitum on Investment :
Whather for the production of power and haat or the
tracsport of ol and gas, our proven turbines 2 among
the most practical and econcmical prime movers.

Dry Low Emizsion (DLE) combustion iz standard through-
cut the product rangs. 1o minimitze NO, emissions and
@nsure that our turbines comply with both global and
reglonal emiszion regulations. Our kading-edge turbine
technology offers broad fust flaxibillty and outstanding
efficencies for sconomic fuel consumption and low C0;
emissions

Qur solutions Include :

B gas turbing genarating sets
n gas turbines for power generation
and mechanical drive applications

m gas turbines for maring applications

= full range of sxtended scope solutions
for the off and gas Industry

= fut range of axtendod scope solutions
for power prodamrs and wsers

B power plants

@ etime service and support packages

109



Industrial gas turbines

The comprehensive Stemens product range from 5 to 50 megawatts
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SGT-100

Power uaeration S.40MN (2)

u Foat Natueal gas*

u Frogoency- LIVEOHr

m ERcirica ardckancy: 3108

= Heatrake TLET3LMCWh (1), CO8Es W

m Turbing spaad: 17, 384rpm

u CompRssoc psson ratio: 1567

= Exhaust gas now: 70 Coy's (45 4ibve

u Exhaust tomparaiene: 537°C 9BE"F)

u NO, emisions with DLE, commecied to
19K 0; ery) < 25ppeW

Mechanical drive 57 0MW (7 6408hp)

= Fmt Nstura o=

n Elm: el 8

m Haat rate: 209430 54Wh (7, 73820 0hptt

= Turbing spaad: 13 200ipm

u CompRssoc pssune ratio: 14 %1

m Exhaust gas Now: 197 t3is (43 4twsy

u Exhaust tomparaione: 543°C (1 009°F)

u NO,emsions with DLE, commecind o
1580, ery): < 25ppeW

SGIr208

Power g Feleicn 6 7SMN®G)

| Fuor Nabural gy

» FRQUOTY- SHEDHY

& Dairics arschngy: 315%

» Wt ke 1418kEWh (0, 82 BiukwWh)

& Twbhe spoed: 11,053mpm

u Compssor prssorg tatio: 12,21

» Exhaust gas sow. 79.3ky's (64 S0y

= Exhaust tomparaiun: 466°C BT

o NO,omisions with DLE, comrecied 20
1R O, dry) < IponV

Nochanica! cove 7 62MN (12 300bhg)

m Foot Naturai gar

» Emclency. 33 0%

® et rake: 30,0060y WWh (7, 70880y bhphy

= Turbhe spoed: 10 950pm

u Compecssor prssarg tatios 12 21

» Exh3ust gas sow 79 Sky's (5. 0D

» Exhaust tompardiun: ABY'C (917°F)

= NO,omisions (ith DLE, cotrecked 2o
VRO, 2y = ppeW

*NohGke o exigust Dsg other gaseous, Squid andordusl e options Haladbe

SGT-300

Powar generaticn 7.90MN ()

= Foot Nasural gas

» fRquancy. S0E0H:

» Badrncuerntoency: 30 6%

W feat rale TL77306Wh (11,158a0kWh)

n Turtine spoed: 14 0%rpm

» Compmssor pmssuw 1a%e: 1370

s Exbaust gas Sow: 30 2¢gs (C6 LD

s Exbauw somporatun: S43°C (1,008)

m NO,omssions with DLE, cormecked 10
ERO, Oys 5 150000

Muchanicl drva B2WIW (11,00005p)

u oot Natural gas

= fnconcy: 3405

» fieat rak 10, 40060%Wh (7 350 By ddphy

m Turtine spoad: 11 500:pm

n Compmssor pmssuwe 1a%e: 13321

% Exbaust gas Sow- 29.Cloys (L3 20

5 xbaust omporstun: 498°C 938°F)

u NO,omssions with DLE, cormecked 10
RO, oyr = 15000




SGT-400

Powar gammntion 12 50NV &)

» Rt Naturalgas

» Frguency: SE0HE

» ERcirical off 34.3%

= Haat rake: 10,355k Wh 09,31 SBtuwkwhy

» Turbie spaod- 9,500rpm

» Comprssor pRssun ratio: 165

= Exhaust gas fowe 3. 4kgy's (25 i)

» Exhaust tomparature: S55°C({1031F)

= NO,embsshans with OLE, comckd to
15% O, dry): < 1Sppa

Ako 2valable 25 14 40MW )

Machankal drive 13.40MW (18,0000 hp)

» Amt Naturalgas*

» Efficlancy: 26 2%

= Haat rate: 9,90k iWh (7, 02810y bhphy

» Turbi spead- 9,500rpm

» Comprssor pRssun ratio: 165

» Exhaust gas Nowe 39.4ky's (24 Biys)

» Exhaust tomparature: 555°C({1031F)

= NO,embsshans with OLE, comciad to
15% O, dry): < 1Sppa

Ako avalable 25 15.00W W{ 20,1 00bkp)

SGT/500

Powar 1010MWe)

» Fuet Natural gas*

» Frquancy: SE0R:

= Eldrks omoenc- 33.3%

w Haat rak: 10,664kK N h (10,17 1oy iwh)

& Turbire spaod: 3 600mpn

» CompRsIor pRSUD o 13-1

w Exhaust gas Now: 97.95y's 21591k

w Exhaust emperatur: I69°C (63 °F)

= NO,embskns fwith DLE, comackad o
15% Oy dry): < AZppav

Machanical drive 10.52MW (26,177 bhp)

» Fuet Natural gas*

w Efciancy: 34.5%

» Haat rake: 10,432kWh (7,373 8twbibph)

u Turbire spaod: 3, 450rpm

= COmpRSSOr pRSSU rato: 13:1

w Exhaust gas Now: 97.95y's (21591

w Exhaust emgeratur: I69°C (6 °F)

= NO,ombshns gwith DLE, comackad o
15% Oy dry): < 4Zppatv

“No itz ke or axhavst Dsg other gaseows, Mguid a0dar il el options adabe

111

SGT-600

Powar 2077MWR)

» Rugk Natural gas*

» Frquancy: SiY60H:

» ERciriaieMcincy: 342%

» Haat rale: 10,533kiiwh (999380 kW)

» Turbine spoad:7,700rpm

» CompR S pRISUR Tt 141

i Bchaustgas Now- BQ4by's (177.30v9

n Bchaust tomgaratux: S43°%C (1,009°F)

» NO,emiszions with OLE cormackd to
15% Oy dry): < 25ppmi¥

Machanicl dive 5. 40MF (34,100bhp)

» Rugk Natural gas*

u Efickncy- 35.9%

» Haat rate- 10,258kkwh (7, 2S08twbhph)

» Turbine spoad-7,700pm

» CompR s pRISUR o 141

n Bchaustgas Now- BQ4by's (177.30v9

n Bchaust tomparatux: S43°%C (1,009°F)

» NO,emiszions with OLE cormackd to
15% Oy dry): <25ppmiv




SGT-700

Power ganeration 31.21MW ()

» ek munlgas'

» Frogueocy - SOrE0H:

» Bociricileimao noy: 3840

» Haat rate: 9, 387% YeWh (3 307 Etwow )

» Turbine sxod £ S00rpm

» Comprassor prassum rathx 3B.ET

n Extoust g2 fow- 94ty's (208ivg

» Exhoust omparature: L28°C 983%)

n NGO, onisgions with OLE, comaciad te
5% O, diy) s 15ppev

Machankal deive 32.04MW (42, 966bho)

w Fuelk: Nalwral gas®

» Hficangy: V4%

» Haat rate: 9,4296VENN (6,80631wEhph)

» Trbine sxed & L00rpm

» Comprassof prassum rathx 3841

n Exhoust g2 fow: 94ta's (2071

n Exhoust omparature: L28°C 983%)

» N, omisgions dwith DLE, comaciad to
15% O, dry) 5 15ppey

GJ-750

Powar gars 35 93MW(e)

= Fook Ralunl g=*

= fraguncy: SYETMr

= Bochica emoency- 387%

= Ha3t1a%e 92005 N (B 211NN

& lurkéne sees £,100pm

» Comprassor prassere ratix 23 &1

» Exhoust gas tow: 113 3tgs 249 8y

» Exhoust mpetsaure. 4627 (BE4F)

n N, emisgorns (wih DLE, cormcond to
15% O, dry): = 15ppen¥'

Machanical drive 371 1MW (43, 76Sbhg)
» Fook Natural gas*
u Efncency -40.0%

= Heat 3% 9,007 5EWn (£ 3678ubhat)

» Turkina gxed 3 0506 405m2m

» Comprassor prassure ratix 23 81

» Exhoust gas fow: 113 3bgs (249 8ibvs

» Exhoust omparsaure. 4627 (BE4F)

u NO, emisgorns (with DUE, cormced to
15% 0, dry): < 15ppen'

*No Inkake or exhaus Joes: other g ous, QU 2ndior 2uat Tue) optiors 33l bie
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SGT-800

Powar gararation 47.00MN (e)

u Fuok Natural gas*

= Fregaency: SOVGDHr

= Euctrict - 315%

= Haat rane: 9.597EVEWD (R D965V R)

= Tutbine sz £,608pm

u Comprasser pressure ratie 19:1

= Exhaust gas now: 131 5kgs (229909

u Extoud omparatone: S44°C (L031F)

u NO, amésgons wth DLE, cormciad to
15% 0, dry):- < Sppety

AL vz labless S0 S0M Wk
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Wingas comprzssor station, Eischinben, Cetmasy: Mo Seneos
compRear 1IN 23 powesd by 3 30MW SLTT00.2 tortine,
bossting (e poeiine presum 1oy Natural gas* txasum.

Siamens gas wrokw package AT FUMN(E) Meustrtsl gas burbine
coganetation pasage, indluding an SGT-300 gas turking, gemerator
and JuiQnes, poovizing a3t and powar

GAtabog EnorgiAR, Rya Cothenturg: Thee 4SMN () SGT-80 gas
turbices 3t the combined haat 3ng pawer piant peovide akicircity
and heating o the city = Cetharburg

Sases Tachnafogy (y) L% Soath Amice: The T1AMW SCT.400 gas

torting Is e ey component to e two pieiing COMpERD! RS
Inst3ind 3t the Xomatipoart conor Sse stalion.
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Power gensration and

industrial applications

Inde pandant power producars, utiiities and
municipalities

% Simple cycle and combined cycle power plants
for bass joad, standby powsr and peak lopping

% Cogenaration for industriai plants with high
It load and distnct heating schames

Powar users:

& Chemical plants and pharmae uticals

n Feod and bewarage plants

» Automotive plants, mining, hoavy Industsy

¥ Pudp and papor toxtties

u Hospitals, uniersities and cther butlding
complaxas

» Marine propulsion, other process and manu-
factuning Industries

Qitdind gas Industry

Upstream - onshom and offshore production,

fixod and floating:

% Prime mowars for water injection and crude ofl
pumping, gas iift gas/oil separation

= Wall deplationwelihaad boosting, natury gas
and sour gas Injpction

» Gas gatherng and export gas compression,
efrigaration comp® ssion for gas-processing
plant

& Power generation and power supply

Midstraam - pipelinas, storage ang LNG:

u Gas turbine driven comprszors and pumps,
©.g. for high-prassure gas transmission pipe-
lines and ofl pumping

u Power generation and mfrigerant comprassion
for bguefiad Natural ges® (ANG)

Downstmam - milnaries, petrochemicals, GTL:

u Gas to liquids (GTL) - power genaration

» Fefinery — power generation
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Cogeneration
Application Considerations

Introduction

Cogensration or CHP |Comdéned Heat ond Power]. Tha Srms

coganerction ong CHP o Lsed mascrongeably In this paser ond
ora gefinee oz tha comtined sEmulianaces generctian of heat cna

sisctrioy anergy with 1 commen sourca of 6t Common aammpkes

dmmommmwpmmwﬂg@
i, f00c onet chermicol processing pants. and District Hesting
%4 appicatons.

Sihcs tha begireing of tha 20th camtury, mnm
nwnmmwmmmnmmm)
nmwmmymtupmmmmpm
mmmd&mwmﬂyu&“n
mmmwmumwmnm
mwmmm«gwmmm«ywm
Wmmmm_amamgmm«mm
Theza key factors are cousing many inclsinial comoonias,
mmmmmwmmm .
mmmwcanmmg!g:
mm’nmxdm!gm“ncga‘vﬁnnmm
S0 masting ocg! eTvircnmants reguations

In tha past ond cortanly poor to 1960, Most Cogerencics
coplications wara GWekioes based Ol SR Wrbing Cogenanstion
sy=ters comsisting of corwentional fossk fred bolars In aadtion
%3 o7 industric! fype steam turting ond/or cominations of
mndustric! Yype stecm hurtines. Mare rocent fociors hove moce gas
trtine ond angine Hassd solutions highy desircbia, Nouding:

» Polemis sconamic benafits resutting from tighar
powur-1o-hoct ratios

« fising fual costs

* Oparationd fexkty

» Emanging environmential policias and Incentves

« Increcsed foous ond naed for power secunty

* Moottty of owite rengs of Syztem Integroton oprons
coopiod with cirocive coganeration system parformancs veis

These technofogical covonces 1 the area of “ust ficsbily, oz we
@50 hrting ond anging product dversficctan/ocaptoticn, hoave

Zervar 05 anobers to IMoks me cogenaTtion opportunities
Sozivie, whia moking cthers aven more attroctiva

17

Uniersal sengitivity to cur enviromment ond aewvkanmanaal
corsdanztons have Bd i the caveiopmant of peojeces that not
oniy minimize GRE Green House Gas| emisions, bul o=o hep ©
tispicos GHG emisions from existing plons a5 weil o3 othar
emEzcns scurces. Thus, ane of the more Sgrifizont ovomages
Aoroxs 3xbine, combined Cytikis onC Ga% RCIEMOCSHINg engines =
in potenticr far GHG recuCtions o5 compared 10 kess efficient
ZRtEmE. This monetization of GHS recuctions serves o ¢
Sgnificont averfincentve for the developmant of gos- turding ond
SN O PP 07 Poper s, a6l s, and Charmiod processng
plonts {0 commencicl and cic-5osed cppicotions ks hospiics,
:vmmﬁmmmmc'mw
'dmmwm Thevoriction of power-to-haat
it comeined wi afforences In godalquarty of nect
“Jsuch oswater, Sieom, and peocass heatirg/ooing) within
the cogenéFation oppICation SH0c % GKIIRG Both
bdv%nunh-\swdlumowm
an
The primary otfoctves of ths popar ars o
* Raviow mony of % techaios corsigorotions and otamove
opiens Cmocciaowith the aovelopmant of cogenarction
S
» Disouss some of the arviconmanial banafis that are patantioty
ovalabie INrougT CODENEIoTC, one to MMrocuss 6 corcept of
manetection Frmarty surounding To
* ILmtrote one provics tha OHP parformancs choractersics
czzociatod with GE'S Shvarse Gos burting and mcioroocting
005 engine prooct partiodas that cos utimatay oo
VErogea 1O proect anc WCNokagy SINENINgG PUTTLEs.
The tachnicol paramétars proviced INCute—out ora ot
fimtec to-pawet- 1o-mact ratio, ogupmant copecty
[ermed sectrica] and effcancy/FCF Fua Chargechie o
Pawer), ondfor SFC {Specic Fuel Consusmption] In the cozs of
redprocotng gas angnas

Tres papar reviaws meny of the techmics, economica! ond
erwFonmanial consioerotions I the daveloprment of
cogenarchion projects.



Cogeneration

Cogenarotion & faquently tafinea oz the soquantsai production
of necessory heat ond power islectrical or mechanicol] o

the recovery of low- kvet enargy far power proouction This
equantia anargy production yisias .6H sovings reictve 1o
seporoe enemy proauction foctities Soose both the haot anad
pawsr regUremants ore sotisfed fom a commen/sngia fust
soute, mmmmmumnnﬁ
FrO0CEON SRDTRES IS TRCOVERS ONG IVEroged o pIovicas
mmwmnmmmmmm
mwmomummmvg
Sgrfcan: tus sovings. v

Wth tha racent Incroases In gas and ol prices, mmmuu
gmmnumgm-mcwmmgnhnmw
WEn OWOridy 56 0ssTs 1 rediice GHE Geen Houss Gasl -
Smissions, INCToass Power SaCunty RReDugh iocolzotion of powsr

QENGITToN|, ona Giroctve cogenenation System affickncy e

rova sporked renewed Intarest i cogansrotion uppuﬂhm

Mmumhumngmbmﬁgcydsno
100G Cycie, DOWS” 5 QNGITEE ProT to te SoNery of tharmai
snangy 1o tha process. Typicoi 19pping Cydia aNoToes INCUTE.

 Nan-condensing staam turting CyTies lKommcnly ussd m the
puip o paper Fousiy)

* Haot recovery and combined cyces iapplod in morny charmicol
plonesl whers axhast smengy for o gos turting o haot from ges
TeCErOCating SOgines provice thammcs energy that & Litimataly
wsad o satisfy e process ragUiemants

« Contro hacting/ cociing applcotions thot ewst In urban
Jocations Whers Clactric power stotions aiso SuppY therma
anargy (o milotly on o STOkr S2ole, whars haotng/cooing
requiraments o' recoveres from grs berbing of gos
redprocating engines to sotely bogbea, cvic or commeeoal
based CHE requiramenis]

In. bottoeTing QyCes, powss & producsd from the recovery of
process tharmot anergy thatwouid normoly 06 Tejectad 0 tha
nect snk Tyooo bottoming cycks sxompkes InTiuda

* Rower ganeration ressting from recovery of axcess thermal
anergy (comBingd Tycia o WItine cutput osnarstion|
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* Fower genarotion dervad Fom aathamic process mactions,
ona heat recovery fom dins, process heaters ond furnoces.

Thes poper foouses primarly on appiceticn considerations for
tCpping coganeration Cyoies

For comparaive Purpass Figuve ] RustioRs energy Leikotion
'@mmwmdmlwmhnmmm
“whicn i3 usais heot andfoe powsr for o typical mon- ranact cock
fired i rousrid pont configumation (trrse- stoge fasc wter
mmmomrsofuscpnglssm[xox oo f
S10°C) se0m canditions vs. g cogeneration fociny utiting the
oma fred bollr butw B ¢ non-condanzng stearm Wrthe
gunenain (ot supples Slacm 1 protess. This SagioT aUogess
thet mefctive to the Sypéodt cocl-fired power gancration cppiootion
jos previoy definad) the Gnamy LILGTEN QSZOCCLEE With an
equvciant cyzio with COENArcTien oo BG ITRIOVd By @5 Much a:
:!SH. This Improvermant In enargy utizction s moce possbe
5m tha process Camand decomes tha Peat sink for e

_Wmmmnrymm

-pmu'qvm): tha condarses

I s
Powaer Genarotion  » Ousut Output o5
| o Power anz
| Sower Procss
v Heot
%
Mm'
ok
AssDe 1% e
8% [pegos [
Cordensor Rexne
Lo Losses

Boss: 1] Typical ndustricl - cosl.frad
2 ENactvenass on Hgher heating value of coal

e 1 ruct UsEe04on SHeoMINTSS S5 iTod bolkn

This principal Is further lustroted by Figure 2, which highiigras tha
uancs of dacreasing the thermal enasgy to © process fromia
Stoom hebing opcia. AS e 51000 IS SEivVered 90 Droces, the
aiactrizoi ostput rotio (eictiva 1o the clectric autput at 100%
oo 10-2rD0ess) ICTensas, bocorming @ Mmoo of cbout 2.0
for tha o concitions aotad i no steam = delversd to procass
Tre ovarot afficiency decracses Som 34% %0 15% o5 process
<toom celvary is simincted
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1
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MM“W&
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% S0cm 0 ProcRSS

T Sascre corcecrs 1090 TN 1205 sw, S0 190

@a&-‘v

PIOUTR 2. Se00n: 12rbinG CYCT PRTGTIONGT £t WITDMS STCIEE SI0nT o

FRCIErONG 93 GNgNA COgENSNITion YA Far HETEi an £
mmpmmmmamm
Which In Srn provices process oo oon yiekd averal anengy
cifectivancss 'ovak batwean 80-B5% depanding upen process
oM condtions. in comporison, the same F-cloms gos turtine in
combirac cycie jond producing Dawer on) yieics an avarl
enargy effectivanass of botween S0-55% dapenaing upen the cycke
cegign. This comparkon is lustted hFigure X

1t s wortrTy to note that energy efectvancss o= pravicusly cafinea
affers fom efcency/THF affidancy In that THF EMcency s
aefined oz the wsatul enargy-out (CoMBINGS Ao and pawer]
dvidad by enamy-in [enargy In tha fuel, wharaos enargy
sfscivaness o0 orrounts for e enargy I tha oir By
compartzan tha efdunoVCHP offickncy for gos-turbing- bosea
coganerotion plonis are 30+% versus 80+% %or o conventanal
<o plant basod coganeration system

oN Elearicol
Combined OcR Y eonvricnl | Combined Cyce %
Powar Coy Output Cogencrasion Thermal
Outzut
=%
20% M=c. %
7o%  Sok 10% Msc
Condansos Sork
Losses

POUTE 3. U (BTN SHOCIVENESS KOmSNes Cyckalgas e ine basads
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Figure 1 ond Figure 3 clacrly ustrate that from o fuel utiction

permpecive, cogenonation Systom pariormances ore Signiiconty
7 patiar thon Yypico! Staom wibing or gos tWwrbine tormnined cycks
~Ihet oos Cesioned D oy Produce powst

Tocoy, across the gicha, mony locc! governmantal intentives have
bean Rstonited to heip promos the daveicpmant of naw
oogenarction appiicotons with an odjectva of drving fusl
Ltination. One Such Sxampis 15 tha SAP SMal Power Fant] in
Thaliond Wi such Incaniives ore not naw [for axompia, PLRSA I
tha US|, the undarying motvotions con be dFrent. Mars aften

“hen not, orTent incentives ars borma out of awortt, desira and

| n9@a 10 1S Grean HOLSR GOS BTSN, WHeras tha

“motvotons of the post may have foossaa mers o6 fudk utikzation

frorn on enargy morkat perspective jdsreoaiation ong marka
Wmmppmdmmmamanamy

rrarnais o pesition of N0ty B3 Ehp N the Teas 3 g%
LrDnG ane ooz ergine fus! ety ona emiEsios capanity, but
OS50 Cantinees to VOVE Wing-Tinss avanced techmoiagy with
foousad ressarch and daveloprnant efforts In thess creos.

Coincigentally, In tha case of tha cforamentionas reguations o
STAG |STaom And Gas{ cycke quaktication &fwes to provice about
£3% of 2= sigam genarction to procass At this cparcting congition,
the avercli periormancs approccres thet of o comvantionos STAG
POWGT ganarntion cycks. Latar I this popos inbies ora proviced
that cofine GE's gas tursing ono gos angine procuc
choractaristics, which i turn Bustrats the wits appiicotion ronge
ond fowbiny of thess procucts to Suppart coganenotion
cppicoionz

For purposes of the folowing tiscussions, “thermaoly optimed”
rogenarction systams oW definad os thoss developed wsing non-
condensing Sear fUThing genaroinrs o concensing units
cparcted at misimum flow 1o tha condansar for cooing purposes

Net Heot to Process ond Fugl Chorgeable to Power

In vciucting ona comparing GTerMoIVe DOgENEICon Cycias, Wo
concapts ar eyt Net Hamt to Frocess INHS; and Fual Chargectia
o Fower FCF). Both concapts ore *Btk ) occounting mathoes”
thot can b laveraged o provice normoited periormance
comRorisors betwacn difiarant s ec cogenarction symaTs ond
sffarant fachnoiogies. In tum, the prooucts of these methadoogles



2SCOMe the bazs of tha periormonos It & usad In the aconomic
moaking process

Nat Hact to Process is defnad os tha net anergy supplied by the
CagENSAation Systam to the peocess 10od, as depicad In Figuwe 4, it
= Necessory mmcmnnmmwbrdmhﬁg
cammwmm;&mmmm
mmmwbmmmwm

mmmmmxowmmwmh

thermal periormancs of @ fopping cogenarcticn symem. The LR

Mmunwm&mmmm
rective 1o tha fust neecs of o mywmwwmau
mumrmbymmqshmm
e, sﬁsmlmufwwmqmwtm
i, e Feremantal nect ~atal For g plam ganemting siectre
mmmmmnmnxnum

or kI WA Tha FC? concapt 5 ilistoatod b Figure 5

Steam Turbines for Cogeneration

Figure 6 shows svend steom turting configaratons thot oon 56
et o ganaato power whils satishying o process need for stoagm.
Stagm turtngs gancrolly con be oesigned 1o meat the spectfic
process heot nacds Unike gos burtines thot cro okt in spectfic
s2es ar frama s2es, Seom wrbine genaraions fove truckionally
266N CLUEOM-SRsioned Mocrings ond Seioom hava 100% kentico!
campanants o Sopobilties. Howover, ® shoud bo notod that mony
CEMs inciuding GE] cantinus to push more and mora toword
proouct ong oz a minimum compenant/norawere stonardzotan

wharsver possiia.

» Seoom 0 Process >
W "

wamnOon e
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Configurctions 1.3 ang & flusrotec nFigure § provice steam ata
"controfied” preasirs, corsistent Wit R0 process haodar
equeemans. Configurotion S NCUSRs WO uncontralad axioction
BpErings I 116 H6Cr Brbing Qansraior Gne provides staam that
mww 10 ¢ coeTynon N and prassurs-racucod ¥
mummmwwznmmrm
PIgher LoControlien oparing ot b6 L5ed Curing Sghtsr inod
oparotion af the trbing, whan the pressura ot the lower cpering &
toc iow dar process use. Lincontrofec-extroctian turtings of $vs
typa 16 typicaly LISC WhGN HFICESS GXATOCHIonS Gre STl
£0TPCrea 1o VAT trbing flow—0" WHEn pOIEsT NEeSs OF Ty
COTERaNt SRDSEE QUING ZHort LR, S COWN O STMDENCy
stuations:

erm@mmlo—uzmmm
gescncent giRRCtly CN PIOCess GITCNCR, ShCa no corensing
mwwmmmmmmm
iz and 4 of the o semand The ooditon of condensing
copouity (Configurctions 2, 4 and 5| providis oot power-
gancrating Saatiity. When o condansar i Lsad, power con be
ganerated indapendantly from 6 process steam damond
jessuming that tha Steom twibine &= sec accardingy

In “tharmoily aptrned” steam turbing cogenerstian cyckes, steam
£ Gxponced I non-condansing or cutomatic-Gitraction noo-
Conconsing S wWitine-gensraions that adract ond/ or swhoust
%0 tha process-steam haoosris) The FCF for thesa systams =
typicaly I tne 4000 20 £300 Biud WM HHY 4220 20 &750 kM)
ronge. Tha Influence of itiol sieom conditans and rocess Rear

Piont Supplying Flant Supplying
Heat Only Power ond Heat
Fus
wo
Procos ) P
T T
Az Powwne (31 Aszx Pow er 2
2 Fuwd 31— Faud (1)
= N - A Power [ + Aux Power (31
PIQer 5. rus ChMgeotin o Fowss 107
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Prassurs 07 The Cmount of oosnarctec power pet 100 mikan It should Ce namad, and it Moy aver Do oovicus, that therg 5a

2w/ 11055 GF ) NHP is fkstrotad In Figeee 7. Tha Increcse i corraiotion batwoan S price ona/or anergy prices ond the initial
COZeNGrTa0 power through tng Lo of higher INlia steam 2eCM conStion ssiaction or a gven opplication. Speciticaly, this
condtions, ona IOWar PIoCess DrRssutRs, I Teadly cpparent. pstroes that highar fust prices onalor anargy prices fovar the

Stutias Nove Shown Ihat hichar steomm condtions oon b i tnctin e mrwna

Soonomicolly ustfiad mors aosly In incumtnal plonts with scticly Even whan usiding tha most afactive tharmmaiy ootimbas staom

OIGE process SO oemonas Doto gven in Figure 8 provice writhe cogenaation systems, the omount of power that oo o
gaaance with 1egars 1o the niticf stecm conditions thatam Doosneraied without o concansing section to the =ecm brding,
normaty consdered for Inousiral cogenarotion oppscions. per uni of nect anargy devercs to process, will Lzualy NGt axcoed

2 i oo Conrad %"‘P‘m

3 SinglAurDmenic Berrocsion 4 Doutie Automotic Baroction
Tubine B Ganaroeor

‘/ o= |

ToProcems  Tofroces
! P2

S Uncontrofios Sctrocson
Sesom Torting Conerosr

To

QUi & S0am trting CONOUIDEINS £21 DOWST QArEYINGS SN YOS Naecs



obout BS WMt 0.6 WAIE net hom suppled. This = ganarcly
=55 power thon thot raguired to satisfy most ingust-io’ piont
slectrioa ansrgy Nascs. Thus, with tarmaty-ocptimaed stecm
Lrbing COoENaMItion SySiarms, T purchased power tie ar acaiional

KW Genarotod par 1 Midlion Stwhr (1055 MU hry
of Nat Heat to Process

ot Lo Heat Bats
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concanzing Seom wrbing is Ty nacessary o provioe ha
balonco of T Industrict plant power neads

Concansing PONGr Genantion (oithough not mecassarly energy
afficiont) has proven economic in many incustsiol apgiicctions.
FowoTehia Goonomics 0@ ofien ocioRcwitn Systoms where

o Coandensing power &5 LSeg 1D Costml purthased power damand
o Low-Tost A0S ar procass by product Lsls ae ovoictie

» Adoquuts low-laval process ansrgy & ovalabia for o hottorming
CogRneration Sysiem

« Condenzing provicas tha continusty of Zavice in critico! pront
openotions wihera lass of the slactr'c power £on 0= o mojer
cisruption In rocess oparctions andfor pront sofsty

+ Uttty zpecric Zhuotons fovoring power 209z, porticulorly ¥ iow
“os fusts oo ovalans

Seeom Turbine Performance Fizxability

Sgnificant fiexbilty = achigvad whan combining o noc-
CONGRNSING TSN with © ConCansing SIacT) turbing, or whan o
steom trbine supplies contralisd presmra SI00m 20 Moes than ors
process heocir. This 15 ocoommpished with © singie- o doubie-outo
GMrOCtion COTCENsing Steam Wrting genagtor (See AQUe 6)

Figwe 9 Iustates o performonca mop [fiow v Kiowatt outpu) for
© singla outs extroction Seom turtine genarator. Ths genarc
performancs map aopdes eoualy to Zngle aula Non-Conoensing
ond 1o single-Cuto Condensing steam tursing generctors. Tha
mosmum throttic: fow o [B-C) cefings tha moximum gueosias
=ecm fiow thet can e odmittad 10 tha Fgh-peessura iat of tha
Stoam DG, WHKIGOS the 2810 astraction Ing [E-O) shows tha
performanca of the steam wrding witn 260 axtroction. The ihe on
tha for left JA-Bf cefinas the performonca of the stecm turbing with
mintmum flow to axhaust. Thes pertion of the cuve denotes o
turbing operating witss crily cooiing Steom being wnt to the
@xhoust of the stoarm turbing and tha cakance of steam &
@ociad in N arco of the curva, the sioom turding is essantialy
oparating os ¢ non-concensing turtiine, Tha sicping nes In tre
center of tha parformance mop £'-01 o 8nes of corstant
@xtraction flow

The parformancs map [or ervelops] fows ond kiowatt procuction
pocurotaly defing tha ficuibilty of the stieom turbing, ond In he
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% ofAoted Stoam Turbine Outpst
Austo-Extrocting Condansing Stoam Turbinas Frovids o Wide

Range of Pow ar and Heat to Process Controf, indopendently

cass of o cambined oycie, defines much of the Sty of
that gycie coweil &t & poszidis o dewign tha Steam turting Sor
nghar madmum throtts flow: In ooing 20, the mgn-prassure
section of the stocm burbing & endorgad ona tha flow that
can o9 cemittod 1o thot section of tha turoing is Icrensod
Lkaws, the moximum theattia Sow Ihe may ba lowernes,
which mokas tha inket capadity R A similor chongs =
possbic by extanding the 2070 extroction e o tha right,
olow ng the 1UrHing 10 oroaucs Qodtonal kowatts with
2¢ro0 extroction fiow. In this coss, the axhoust motion of

the SacT burbine & eriarged

ThE wilring of seom turting copodity 30 the neads of

the Indusiric! process steqm usar s oo for modming e
faxdbity of the cogancration profect—aswell os optimidng
the atficiency of the cooenarotion Sy=tam

Cogeneration and Rehaat Seeam Turbine Cycles

In most instonces, thermal enargy In the farm of teom is
wtiked In Industral plants by condensing stearm N process
£S0t @CNANCRrs. SINCA Mos: PIOCRSses requre haot trunsior
ot o constont temparoture, high cogrees of Steam suparhact
ora not ceskobie ong da-zupar haating Isteam attemparation|
=iations o'a commonly appiee to contol Saom WeTperatures.

Lo
e
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In © S490 T Wibing cageneroton Cytia, conddarable de-mupar
NOTior Sproy Woter woult ba reguired ¥ ranect wos considened.
{n4azt, in mast instances the amount af “tharmaly optimetee®

LOCRNSIton PoWET woud 5% 1 in @ rehect Cycie compored to

T RaN-rEAEct 0yT0, CSRITING T S12a CONGEns are hait
CoRSiont. For @ampe, assaTeng a 500,000 iy (227 metric
tord hr process seam camand o 150 peig (103 bars sohated,
o non-reneat cycke with 1450 peig/SS0°F (100 5ore/S20°C) Intal
=0Cm CONGiions Woul coiver coout 28 MW. A ranact cyclawith
1450 pogfSSOF/950°F | 100 bors/E 20°C/S 100 woulo gonarcts
obout 27.3 MW, o 25% kess pawer In oddiEcn, the oycis
pormprastly CUE I Tehact woult crecss tha cost of the nuting,
Bafer and 0350C610d Sy=iams FECVe (o tha nan-reheat coss.
™% aconomics of rehoat stacm turines Gre ashanced in
coosnemtion When most of the 5taam is axponded 15 the
COTERNEOY B prockce skectnc powes L., for appications
wtglqnpmmmmm

Cogeneration with

Gas Reciprocating Engines

Gas Engines

Reciprocotng enging Qeneroior Sats Cne COGenarchion Sy=ems om
wal suliad 10 Ll mony cacentruiRed Snengy SUDDY meeds. Sama
wey fecturas of o products Indude:

o High sacteical effidancies up to 435%

» Overck afficiencias islactricnl ong tharmal] ovier S0%

o Mirimum N, smissions trough tha potented LEANCHE
* Lagn misture combustion

* Spocialy cesioned gus angines for utiizcton of ctarnctve,
FONSWODIS SORNgY S0UTDes fag ., Dogos or kand®ll gog and secil
Qoses .5, Gl MIng oos O Coke gox

» Mo¥mum cparctiona sofaty ong ovoiloity
* High power darmty
Tarough suppty of anaegy directly ot the load soue, t s

oiso posstia to recuca or ovakd ohogathar tromsport ong
mribution osses.



Cogeneration - Overall Efciencies

Wit combinec powar ona haot genaroticn {cagenarotion] tha
wasts neat InourTed Ang engine cparction s recavered ond
wHitec to sotisfy thermal systam procass reguirermants for fow-
grade s3eom ond/or hotwoter. in many coses e utizcton o
wasls hect resuts in overall ystemns of efficiencias of up 30.904% ¢
M¢MMMMmmutn@mwa
mnmmmwmdom%&rggm
GNGING COOMNETTHoN SySiams, COmpOred W En Camventions
SSpOra power a°d hect ganaeation. Figure 10 rapssents 6
uzikctice. from o typlcal anbachar gos recioracating erging
oacition, tha Sankey dagrom cfso identFies the voricls hact
arocted] (S

Power and Haot Urilzation G

In ganaral, Sor typoos cogenaration aopications uliing gas
rRCiorDcoting SNgines, e Power generated is foc loooted
cppications of hect ong powst The comEined heat and powsr
002z ars primarty Dosed Lpan tha consumption cequirsrrnts of
on incvioua! focty g, ospinic) wen excees slectrical andfar
theemal enangy fec into tha pubiic power grics ond/oe distrct
necting systams raspactivaly. It showld be noted that the tharmal
enaergy can be umsd for cithar for Doty the ganeration or Mot wotar
ondf or 2ecm production—aswel as forvarious fypes of process
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het. Gos engine Cogenarntion Sy=iams oro oo usad %o CO;
fertizotion 7 grecnhowsas angd trigenerotion systams (combinad

, ganeaation of pawer, haat, and coolng)
~ Ganorotion of heating watar. Cogenasation sy=ers capture

“anoezs hect rom tha engiee, which con ba used 10 Ganarats
“hegingwoter that can than be UBTSE by loci o district heating
systanms 1o cover thatr ost nect requremants. Seak hoot damond
o B COVGred trrough the combined wea of o buffer anc a pack
boker. Dus to vorying hact damanas during tha pacy, mut-angine-
| Instoiations are tha praferred sautan far gistrict hecting systams.

"mmmmmprmmsmmm

hanmor snergy generotad M @ gos engine onsisis of exhaust gas

_‘_?;alwmcmafcppmmmWCmdm
“Ba utited for $e procuction of Seom The remakning wasta hect
‘mergnmolrgmol cr aivf fuol gas miture,

uwuwbwgmpmupmmn
mmhmwm bosphiais 10 meat thal
requbamant for sterieation steam; onc foodstutt procrsing
operstionz The houst gos Som tha oos engws can oo bo
utiizas cirecty or rcirecsy o drying proceses e g, I brick
works, iha cornmic oustry, ond animal %asc dryingl. Overctl
efficiencies of mora thon 38% can ba cchived through e
recovary of the heat decharged from the cogenarotion piant by
way of feot auchangars and tha exhoust and madicton haot

CHP systams utiiza the wosta hoot incured during engine
operotion to generats ovarall plont efficencias of morg than S0%.

T

HE1
Mixtura intarcooiar - 7-10%
HE2
Cd axchange heatar ~ 453
HES

Engina jocketwatar hect axchange~ B-13%

HES
Exhoust 9as nect awchanger « 20-23%

rgurd M SoTkoy Bogram D ool 04 applcoson Wi CIE OIS SSCEROmNg sngnd



€O, fertiization in gresnhouses. Heat, Ight one £0, pramota the
crowth of pionts b greenhauses With criticicl Sghting, plonts
o=t avan more CO,. f e greantoesa ctmospnen is annchac
win OO0, plont growth and consaquently ths hornmst yisid can be
increemsed by up o 0% Tris process—ose odied 0,
Lrtiation—ls atia to moks wsa of the 005 contoinad in the-
Ghrost g of 0 aus enging through calaytic coswarter
purficolon, 46 0 rasut, gresnhouses WIENG g5 anging
mmwmmmmmﬁ
&mmigmngmmungnmm@m
mammamgm,dmmmstgm/

WNMndpqmmmm
mxmommhrgnmamcuﬁugm
rofgamntion Thewosa haot Som e midurs NRmmocks:, e angs
O £ @G CO0kNgG WA, CNG the DN gas SaVEs & OVE
mhrmmlmmommmmw
wpsmn*gamnnmmmcfsmdm
reat for cooling. mmnmmm
efficiences [power and o conditioning adamdqn
75%, Increasing bath annual copectty Gne averal piant oficiancy.
Agres 11 ond12 are Grophicdi reprasentotions of both the
clectrioz and tharmel eramy ovalabi from GE's 50ond €0

Jenbocher gos mecipiocoting engines a3 a function of engine
modl Az identfied on tha grophs the thanmal output & dosed
Lpon hegting cn ncoming watar zoutce from 70°C to a dischange
sampercturs of 30°C.

Totves 1e, I, 2o and 26 ore parformances sumimary tobies for GES
5C and &0 Kz gos reciprocaling Gngings. For comveniencs dats has
2ean provided in DOth S and Engleh unks.

Fuel Fiexbility and Gos Raciprocating Engines

Cne of tha moes signiiicant choroctershoshy oues of G2
Jesnbacher gos enginas = s fudr fiokbitty, Not ondy are sianoord
sngines caposie of burning notural gos, DUt spacioiaec angnes
oo are avoichke for 2urning unique gasas sucn as flare ges ona
other speciolaod pases Such as biogos, iondfE, sowoge, cool ming
0°C coke oosesl The voilus of 1ha siandond @ngines s thot they ora
waill 2.tod far production of refictia, docantirolaec ansrgy os
Soported by @ wel-es2odEnac, relalic NIUND 925 SupRl Sy=em
infrostructures. The volue of tha gas angines revoives cround the

oct tnot thay are copabile of gansrating Leshul energy [both neat
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und powar| fom fudl sources that atherwize would hove Dean
WISIa0 ond which otharwise woudd Hove seved az an ecologicol
gatrimant. To this am, Siogas, landfil ges, one cogl mine gos
fuciod angings hova bean cartfiod os GE "scomogination” products

/By or hospendant ooendy. It Is asoworiny 12 not tnat 1 odditon
/;nnumgumwcfﬁu Bewblity In teers of fual

TompaEton ond heat CromCianstiss, Cotner vake which
reciprocating engines affond i that thay are copetis of burming
low peresire fue s Thus, thay require Ikt ar no fusf gas
CorTENRSSion jas comperned to akermnative tachnology sakitions]
Fiare gas. This & on czmocicted §os cotoined curing crude of
Spiorction, lorgay consisting of mathana ond higner

 hygrocoroone. The uss of fore gas-which & genaraly ovalabia

'h&otmacmm&mowmbtm

* BilE powsr gansrotion ond, I required, tha Sngines oon G0 prvide
~:¢‘fwsuppyhrmurung'm Consaquantly this prablem
'wguz.mcﬂuvg 1t aff whie cousing ecolegicai axpozsm. con
~ D00 SCONAMCTly 07 procteoily

“Blogos: Fora wice ronge af omgonic substonces from agriculture,

foodstu®, andfaec Incustries, anoarobc farmamtation s a suparior
ohianative fo compesting Blogas—o mikcure of methone ond
orbon doxdde—Is fanmed i the fermentotion procsss of awids
ronae of orgonic substances from tha ogricukturs, fooasasf, ond
foad industries. it Is a figh-enargy fusi with a colortic vous of 5-
KN thct can substitists foosi fusi energy. Due 1o the argenic
raturs of the componants of bloges, tuming 1 b o gos angne for
POWST genarctian emits the some oot of CO; Into tha
DMOspOene s wos origiholly absorec guring tha procass al
phatooyminests In tha naturoi 00, oyoa. Using Blogcs it gas
angnes prometes proger wasts dispostl, and oiows the us of the
end peoducts fom the femamation process os fortiber

Londafll gos. 7hiz & Sloges i that ¢ i formee as o resut of tha
gecompositicn of ok Suostonces It consisk of meEthong |CH, |
oorbon Josdce iC0,1 nitrogen (N onc a smel arnount of cwygen
12} To slow for proper re-cutvotion of ancfis, prvert offonsve
sl smoukdening fres, of tha migration of loncfll gas into the
WRISIWOYE $hess goRs MUt 06 continuousy eatracted Lnder
controfisd conditions. With o coorfic volue of cbout & to 5 KWNTEN,
ionatil gas consiiees @ HghYoluG 4.5 for gasengings one con
theradone hia oconarmicoly utitoed for pawer gemerction.
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GE Jonbacher, Gas Reoprocating Engine, Genarator Drve - Bectrical & Tharmat Farfarmance Summary (S0 He, SI Units)
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GE Janbooher, Gas Reciprocating Engine, Ganerutar Drive - Blactricol & Thermes Parformancs Summary (50 He, St Units)
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GE Janbocher, Gas Recprocating Engine, Gansrutar Drive - Blectricol & Thesmas Parformancs Summory (50 He, Englsh Units
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GE Jonbocher, Gos Reciprocating Engine, Ganaratar Driva - Bectrical & Thermal Parformance Summary (S0 He, Englsh Unitst
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GE Jjenbachar, Gas Rsciprocating Engine, Genarator Driva - Elctrical & Tharmal Ferformance Summary 50 H2, English Units)
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Sewage gas. This & 0 by-prod.ct of the fermentotion of zawoge Gas Turbine and Combined Cycles
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Fuel Flexibility and Gas Turbines
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Injociod into the combusior a5 a meones of recucing/ ontfoding
emissions Svaks. Howsver, & should o b notad Eha: wataror
00 NECtion 37 GO b6 LESE Q5 @ Meo™s of gas brting
SOWSr CuTENIItEN.

Tabwe I fstrones © cizsFocton of the Mar aranatve fEx ana
rEnAWDDIa, OInassig 0 oS witines

Gos Tufine Exhoust Heot Recovery

The economics of gas hurbings In process cppiootions usoaly
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tnrough u=g of eifectva heat recovery = fustraned In Figure 17
Tha mom commen uss of this enamy i for Staom genarction in
HRSGz with untirod oz wall o frec dasgns Haweva, the gos
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recover cpprondmotaly 25% of tha energy In the turbing ewnoust
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SveE Cre posEbie; POWEVEr, tha increasec cost of tha hect tansfer
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ot the suppismantory-frad HRSE fus! consumption £ ko= Do
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sieom prodaction from wepplementory firing coove thotofon
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lowar heat valua of the fusl firod. The amount of incremantai 61
will be adout 1056 to 20% ez thon for o noturoi-gos-fired power
Soliar providing tha samae Incramentol TCreasa in Som produced.
fa praviousy sated, the unfrad HRSE witn nigher steam
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HRASG Steam Production Rates
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Cycle Configurations
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