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Design of Economic Analysis Module for Waste Heat
Recovery based on Systems Engineering Approach
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Abstract : In the energy—guzzling industries such as steel making and cement, power plants utilizing waste
heat have been attracting attention to increase energy efficiency. However, the existing economic analysis
system doesn’t consider the special working fluids and the cost models of the main equipment used in the
waste heat recovery power plant. So it is difficult to estimate the plant economics accurately. Therefore, It
1s required to develop a economic analysis module that can more accurately evaluate for the power plant. In
this study, the systems engineering approach was used to design and develop the module that systematically
reflects the characteristics of the power plant and various requirements. Specifically, first, the special
working fluids and main equipment applied to the power plant were investigated. Next, the cost models for

each equipment were developed. Finally, the economic analysis module based on this was developed.
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{Table 2> Mission of Economic Analysis Module
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{Table 4> Stakeholder’s Requirements
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{Table 5> System Requirements
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[Figure 1] Cost Model of Pump
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[Figure 2] Cost Model of Compressor
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[Figure 5] Architecture of Economic Analysis Module (Level 1)
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A7}~ (Liquified Natural Gas; LNG) S 243]
HHE 319 AATMAE JRRENLS Ee 13 e
2 A71E Aabsta, o o wiEEE 1&g W)t
A2 NS =9 s o d71E Al |
t}. o] 9} 2 NGCC AlAEle Ae- 34 e} 3
2 dago AHE 7 glo] A Akdel 3l
de] AMEE AL Sk

NETLS NGCC X114 (Black, 2011) & wl=r
Montana A% ¥} North Dakota A|9¢] 512 MW
79 &= 88 7= NGCC A|ARS AMsh=t)|
T F AKNE EA e AEo|th NETL NGCC
Bz F Aol AMdsk= Atdle] tiste] Al
Alskal glom, 7+ AlElel] thste] CO, EAshH= 74
-2} CO.E ZATA ¢z A9-2 UH F 47149
% ARJH] 24 A (S31A, S31B, L31A, L31B)
£ AAlskaL gitk olef whet 2 AFexE COE
XA o= S31A AtElE AAsEltt S31A A
gl NGCC A48l a4 B4l 2 24d7] (Com—
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{Table 7> Basis and Consumption for Economic
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{Table 8> Calculation Summary

of Developed

Analysis Prototype
4 dojg 9 714 A=k = s 5
System Life 30 years 2 ° A
Economic Life 35 years Totgl Purchased 112,022,000
Design and Construction Year 1 years Equipment Cost
No of Labors 5 Total Onsite Cost 134,426,400
Working Hours per Year 2,600hour Total Offsite Cost 59,371,660
Average Labor Unit Cost $34.65/hour Z Total Direct Cost 193,798,060
Capacity Factor 85% A Total Indirect Cost 84,786,651
Equipment Installation 20% % Fixed Capital Investment | 278,584,711
_ [Land Cost 0-03% ) Start—up Cost 7,825,426
Civil Arch1te.ctural a.n.d. Structural 20% Escalated Start—up Cost 8,301,995
— serVICGdFS?CIIItle? — ng’ g Fuel Cost 3,729,571
Pz
nemeering an, tpervisor o8 - © Escalated Fuel Cost 10,188,835
Construction Cost and 159 - -
Contractor’s Profit (4 o Working Capital 3,439,355
Common Equity 2.95% % |Escalated Working Capital 3,648,812
Debt 6% AFUDC Total Current 18,549,480
Total Income Tax Rate 3.8% AFUDC Total Future 18,742,668
Purchased Equipment $112,022,000 Total Capital Investment 395.353.306
(TCLw)
bustion Turbine and Generator), ¥4 3|4+H U7 N Total Purchased 112.022.000
Equi t Cost ’ ’
(Heat Recovery Steam Generator; HRSG), 28 E quipment +os
Bl W ) (St Turbi 4G tor) T Total Plant Cost 206,921,000
=] =1 ) r rator),
.- eanj\Euu e at 5 e/:e Ao L Total Owner's Costs 79,197,000
o= = B
5571 (Condenser), 2% (Stack) 521 M2 Total Overnight Cost | 286,118,000
o) = S o] % 03_0_ Q
dEelgl. o] & Aa BNl $e) 9 Aol S TCI Multiplier 1.075
oo Washs el & el il A4 v 3
A 2Ele] olia 713 2 o)tk mebA] B ol i Total Capz{trzglh)westment 307,576,850
R
A= NGCC 34 = Odi Bl 4 vEdY)E A9 st
= = TEAA AFYE F AFYu| e}
2] AB]E gare s et = o
e g W e R St NETL % Al 7F 24o] () | 17.776.456
(D = Abs(TCIy—TCIyp))
= = I
422 & ANYHl 4 L H[W AR £ 259 23 (B) 5 739

AAY A mEY A% ATsLAL NETL
S31A AbleIA] ARGE T WA M) v
S e mE] Qesel, 29 & Aule
NETL S31A AH9] % AFJu]S vlwalair).

A, AAA B HaE 7)E dolE 9 7Hd
2 Table 73+ 0] NETL S31A Atele} Ed3}7]
destalon, o= oA THs TrEEN] 7T o
9 ] e, FENS, daEE AsH

ut

N

r

o

(E = D/TCIR x 100)

o] A4 :‘%‘—1% fJ & A5

rﬂ o
FﬂJ
N

JNAE AlAkstAl Ht.
| dlo]¥ 2 73} NETL S31A
#u}aoi ﬁ;q]/\% HM 1:1‘:0 OH

=
(¢
F73 F AdnlE $325,353,306 o]9loH,
¥

%
% AJglule} NETL S31A AFl9] % A1glu] 7

x}o]= Table 87 7o) $17,776,456 0.7 =+l
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¢l & (Internal
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