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A Suggestion of Penalty Cost Appropriation Methodology
for Performance Acceptance Test of CGAM Cogeneration — Part II
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ABSTRACT : In this study, a penalty cost appropriation methodology for CGAM performance acceptance test
was suggested. As the result of CGAM performance test, there were 0.31% decreases in electricity output,
0.39% decreases in heat rate on electricity output, 0.31% increases in heat output, and 0.23% increases in heat
rate on heat output. As the result of penalty cost appropriation for above performance, the penalty cost was
calculated as —$20,837 in electricity output, —$25,930 in heat rate on electricity output, +$10,340 in heat
output, and +$7,715 in heat rate on heat output. Each penalty is appropriated as above fore kinds, however
the total penalty should be determined as how to combine above fore kinds of penalty. In our calculation, the
minimum total penalty was —$18,215 and the maximum total penalty was —$46,767. The methodology of total
penalty appropriation should be determined in the contract between ordering organization and construction
firm, and we can understand that it is very important.
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Fig. 1 Ambient temperature C.F for power output.
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Fig. 3 Ambient pressure C.F for power output.
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Fig. 2 Ambient temperature C.F. for heat output.
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Fig. 4 Ambient pressure C.F for heat output.

THE PLANT JOURNAL Vol.12 No.4 December 2016 = 33



SR
Power C.F. for Relative Humidity Heat C.F. for Relative Humidity
1.008 1.008 —
—Power Output : ——Heat Output
1000 ——Heat Rate — : ——Heat Rate
1.004 51004 T
g ik 43.79
= 1.002 3370 [F30 N r 170003
g 0.9995 = g : I
£1.000 + — £1.000 + —
°E0 998 L——T— | 47 ":“0 998 + 437 —
" 1 Qu. T o P
S ; 0.99933 © E 0.99838
0.996 0.996 +
s y = -1.58059E-08x? + 4.28258E-05x + 9.97488E-01 0004 L= 1.43348E-08x} - 3.410816:-05x + 1.00200E+00
i y = -9.T8081E-09%? + 2.70718E-05x +9.98417E-01 ' E o y=-3.45889E-08x +1 D34?5E (Mx + 9 93920E-01
0.992 0992 +— —— T
0 20 40 60 80 100 0 20 40 60 80 100
Relative Humidity [%] Relative Humidity [%]
Fig. 5 Relative humidity C.F for power output. Fig. 6 Relative humidity C.F for heat output.
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Table 1 Thermodynamic analysis on test value ‘Q‘Ea] 76“?‘ ‘714‘ 57] 359]' ol—aﬂ J&*J 357{1% UH—?‘ %9'—8}
o}, webA o A AU ol ozt 571 &
Temp. 15.24 T Ty
Ambient Pressure 1007 bara P, Table 2 Each penalty cost pricing
Rel.Humid. 43.79 % RH, | | |
Mass 1.6840 kals m » { Penalty cost pricing for output >
Fuel LHV 50,000 | kJ/kg LHV Cost 6,665,688 $ Dy Construction
Heat 84,200 kd/s QF =m w LHV Power | Output -0.33 % | A I/L% Decrease
Temp. 15.24 C Ty Penalty | —22,138 $ Py Non—pass
Vi\ﬁt?r Press. 20.000 | bara Py, Cost 3334312 | $ Dy Construction
Enthalpy 65.86 kdkg | hy=h( Ty Py Heat Output +0.35 % | A Q,A Increase
Power 31,432 | KW W Penalty | +11,661 $ Py Pass
Steam Mass 13.267 kals mg < Penalty cost pricing for heat rate >
Outout Steam Temp | 212.38 C Ty Cost 6,665,688 | $ Dy, | Construction
utpu
Steam Press | 20.000 | bara Py Power | Heatrate +0.37 % |ARyel  Decrease
Steam Enth. | 2,797.2 | kJ/kg hh( Ty Py Penalty | —24,348 $ | FPrir| Non—pass
Heat 36237 | kils | @ =mg(hghy) Cost |3334312| $ | Dy | Construction
Heat Power 2.679 kJ/kJ Ry~ Q‘, I Heat | Heatrate —-0.31 % &Ry Increase
rate Heat 2324 | KK | RyQplQ Penalty | +10451 | $ | Ppp Pass
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Table 3 Correction for performance test value

|
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< Correction of power output >

Ambient Temp. 1.05835 - p, = Fig. 2
Ambient Press. 0.99392 - p, = Fig. 4
Rel. Humid. 0.99933 - py = Fig. 6
Total C.F. 1.05120 - P PP
Measured 31,432 kKW W
Corrected 29,901 kw W.= W/p
Designed 30,001 kw W,
Difference -100 kw A W= W W
Ratio -0.33 % A Wy=0 W/ W,
{ Correction of the heat rate for power output >
Ambient Temp. 0.98428 - f, = Fig. 2
Ambient Press. 1.00020 - fy = Fig. 4
Rel. Humid. 0.99958 - f3 = Fig. 6
Total C.F. 0.98406 - f=firfaky
Measured 2.679 kd/kd Ry
Corrected 2.722 kd/kd Beyw = Ry / f
Designed 2.7112 kd/kJ Rpy
Difference +0.010 kd/kd ARy= Ry Rpy
Ratio +0.37 % ARy =0 R/ By
< Correction of heat output >
Ambient Temp. 0.95352 - q = Fig. 3
Ambient Press. 1.00484 - ¢ = Fig. 3
Rel. Humid. 1.00053 - q, = Fig. 6
Total C.F. 0.95865 - 4= 4G G
Measured 36,237 kd/s Q
Corrected 37,800 kJ/s Q.= Q/q
Designed 37,669 kd/s Q
Difference +132 kd/s AQ=QuQp
Ratio +0.35 % AQEAQ Q)
{ Correction of the heat rate for steam heat output >
Ambient Temp. 1.09245 - g, = Fig. 3
Ambient Press. 0.98932 - g2 = Fig. 5
Rel. Humid. 0.99838 - g, = Fig. 6
Total C.F. 1.07904 - 9 = 91929
Measured 2.324 kd/kJ i,
Corrected 2.153 kd/kd Reog=Ro/ g
Designed 2.160 kd/kJ fipg
Difference -0.007 kd/kd ARy=Regfpg
Ratio -0.31 % ARy =ARY Pm;
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Table 4 Total penalty appropriation [$]

Ve

{ Each Penalty cost pricing >

Output | —22,138 Py
Power
Heat rate | —24,348 Py
Output | +11,661 Py
Heat -
Heat rate | +10,451 Py
{ Total Penalty cost pricing >
Case 1) —46,486 Pyt Pyy
Case 2) —13,898 max( Py, Py rmax( £yt Fyp)
Case 3) —24,348 Max( Py Py max( Pyt Lypp)<0
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