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ABSTRACT

This study aimed to analyze organic Rankine cycle(ORC) which recovers discarded heat from a gas turbine based combined

cycle cogeneration(CC-cogen) plant in terms of both performance and economics. The nominal electric power of the CC-cogen

plant is around 120 MW,, and heat for district heating is 153 MWjy,. The major purpose of this study is to compare various

options in selecting heat source of the ORC. Three heat sources were compared. Case 1 uses the exhaust gas from the HRSG,

which is purely wasted to environment in normal plant operation without ORC. Case 2 also uses the exhaust gas from the
HRSG. On the other hand, in this case, the DH economizer, which is located at the end of the HRSG, does not operate. Case

3 generates power using some of the district heating water which is supplied to consumers. The estimated ORC power

generation ranges between 0.3 to 2.3% of the power generation capacity of the CC-cogen plant. Overall, Case 3 is evaluated

to be better than other two options in terms of system design flexibility and power generation capacity.
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Table 1 Case explanations
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. . exploitin;
1 |heat source is the exhaust gas from HRSG D e
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available

heat source is the exhaust gas from HRSG
when the DH economizer does not operate.

heat source is some of the district heating
water which goes to customers.

H717ks 2 9hs) meAs 92 d9oR S Fig, 19
()9} o] Alzgo] T}

21,2 Case 2

EatdwshtA Zd oA AAF 7153 ZYgfo)
FaxoNA Q5= A ofHt Case 2+= ol2I]t A4S
tiu]sto] v s]=E de| o] Zfshcto] |eh A g o
F-nfo]#] (Fig, 19 DH ECO)E 7]—56‘]—1] okw1 gnkEo]
Hj7)17k29E B85ko] ORCE -5k A-9-olth o]
upol A 7L B4t E JJEH+J7I»— 2ko] 17,9%0]t},

Case 19] H|3| && Lxo] Hj7[ARE ORCE F5A|7|7]
ol 8 & £ 9e 5 ok 28y HYeave e
O] 17.9%5 Hdohs AGdEE o|ilentol A o|gs}
2] ok7] W&o Case 1M} T 2L oFo] | obdlE YA}
3HA Htt = Case 2= HEF7HsE59] 17.9%= +5
o Fart glokal (=87t gl 7Hdstal 1 g5 o]8-stod
ORC &9& F7I& Aibske Z-olth

1

ook
%

mlo

mlo H

[n

O

213 Case 3

Case 3= A|GHyS Qo 355 L2579 YHE o
g5h= 7olct, A Al2wlo] B 74 o] Sls) el
o2 AGH TP AW FFLES d ARATE A}

Botal Foles 2wt Aria FPFSHGIch whebA
Fig 1 (b)e+ Zo] ORC7} ARt o] case?] E3|4H=

w2 E HEE d3ste] ORCE FY5= A= =%
FIaHFY Wl gt 2™ 5 I E 513t} Remained
heat ratio(RHR)-Z 357 @it G092 2po|e}
A Fa57 s gt vE yepdin A () Zo] A2t
it & RHR2 HU337Fs9% & Q54 ¢l '
deFS %5 RHRO| 22458 deasfo] S5 g

Maximum heat supply— Heat demand A

RHR|%) = %100

Maximum heat supply

Table 10] Z} caseE= A28, Table 20| case®™ &
Y2AEL Helakct,

S=RAMD A =28 M20&, A1, 2017



Table 2 Inlet and outlet conditions of each heat source
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Table 3 Design specifications of ORC system

Cose 1 Temperature (C) 82.0 Parameters Modeling
ase
Mass flow (kg/s) 300.0 ORC Turbine Isentropic Efficiency (%) 80
Case Temperature () 151.3 Pump Efficiency (%) (6
ase
Mass flow (kg/s) 300.0 HRU Pinch Temperature(T) 10
Temperature (C) 102.3 Condensing temperature(C) 30
HRU Inlet
Mass flow (kg/s) 636.0
Case 3 . -
Temperature (T) 575 400 T r T T T T — 12000
HRU Outlet Mass flow (kg/s) 636.0 Maximum power point
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Table 4 Parameters for economic analysis

CHP Plant availability 0.7

Total project period (years) 20

Discount rate (%) 8

Power unit cost (won/kWh) 125.09

Heat unit cost (won/Mcal) 835

Exchange rate (won/$) 1050

ORC system O&M cost 2% of the ORC initial cost
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Table 5 Results of performance and economic analysis

Net |ORC power| Payback | NPV after

power |compared to| period 20 years l?;ﬂ]:{

[kW] | CHPI[%] [year] | [thousand ¥¥] °
Case 1 359.0 0.3 5.2 1,454,250
Case 2-1| 2762.9 2.3 24 15,751,050 179
Case 2-2| 2762.9 2.3 14.1 787,500 15
Case 3-1| 1207.4 1.0 3.2 6,229,650 179
Case 3-2| 1011.7 09 34 5,082,000 15
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