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Abstract — The numerical analysis of energy and material balance, and plant performance has been carried
out when applying the heavy residual oil instead of heavy oil to the existing heavy oil power station. The
performance analysis model has been constructed for A heavy oil power station in Korea, and the modeling
results were compared with the design data in order to ensure the validity of the model, and further com-
pared with the plant operation data. With the heavy residual oil, the simulation gave 315 MW in power out-
put, which is higher than that of the heavy oil combustion, but the plant efficiency turned out to be lower.
The sensitivity analysis of heat rate for the changes in cooling water and ambient temperature, flue gas recir-
culation and power output has provided valuable information for the optimal operation of the power station.
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Fig. 1. Flow chart for developing system analysis
model.
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Fig. 2. Thermal energy and material balance for the steam cycle of A power station.
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Fig. 3. Thermal energy and material balance of the boiler of A power station.
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Table 1. Results of steam turbine modeling.

AAAE AL 100% FaplAe] 4 9 2AFLAE 7]
Fo2 AAREE TH397] ol Al AR}
T ] o7} AR 4 glv}. Table 12 37] H
Wle] FQ el gt AA delEet m® AAE
wimal Zolet, #5718k AAFVIY F, ¢, &=
of gt F ke wlae USaeE AAE HelEn.
Table 2014 = wpe} ko] 1, 24 F<= 7pd7|e] &
718} el Wigt ek, &, HEF of2 A A
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A dolele] ¥Fo2 wd S A= vEd & ¢

Item Unit Design (100% Load) Modeling (100% Load)
Steam turbine output kW 300,000 300,015
Mass flow kg/hr 896,323 896,900
Superheater steam Temperature °C 538 540.6
perheaic Pressure ata 165.3 165.3
Enthalpy kecal/kg 812.8
Mass flow kg/hr 796,898 776,600
Reheater st Temperature °C 538 537.7
eheater steam Pressure ata 26.93 29.93
Enthalpy keal/kg 845.8
Temperature °C 314.8
HP TBN extraction Pressure ata 3333
Enthalpy kecal/kg 722.5
Temperature °C 314.3
HPTBN exhaust Pressure ata 32.52
Enthalpy keal/kg 722.7
Temperature °C 2213
LP crossover Pressure ata 2.469
Enthalpy keal/kg 695.5
Mass flow kg/hr 587,067 570,600
LP TBN exhaust Temperature °C 35.79
Pressure ata 0.0598 0.0599
Table 2. Some results of feed water heater modeling.
. FWH #1 FWH #2
Item Unit - - -
Design Modeling Design Modeling
Mass flow kg/hr 25,730 54,502 53,670
Extract Pr. (TBN) ata 0.26 0.29 1.47 1.54
Extract steam Extract temp. (TBN) °C 67 67.9 179 174.1
Shell Side Pr. ata 0.2736 1.467
Saturation temp. °C 67 66.58 110 110.1
Drain temp. °C 40.48 110.1
Mass flow kg/hr 730,129 719,800 730,129 719,800
Feed water Inlet temp. °C 39.5 40.48 63.93 64.92
Outlet temp. °C 63.93 64.92 107.26 108.4
AT °C 24.43 24.44 43.33 332
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Table 3. Results of condenser modeling.

Item Unit Design Modeling
Turbine load kW 300,000 300,015
Vacuum ata 0.0599
Cleanness % 80 80
Condensate mass flow kg/hr 711,700
Condenser heat release kcal/sec 90,751.8
Inlet temp. °C 21 21
Outlet temp. °C 30.4
Cooling water AT °C 9.4
Mass flow kg/hr 36,448,000
Velocity m/s

Aot Bul E3el A4 A AFT whe Zo] wip-
zZ A3 AAE HFT Qri(Table 3 F:2).
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Table 4. Analysis of heavy oil and residual oil.

Heavy oil Residual oil
C (wt%) 85.50 85.30
H (wt%) 11.67 10.34
O (wt%) 0.12 0.13
N (wt%) 0.27 0.45
S (wt%) 2.44 3.77
Ash (wt%) 0.01 0.08
Density (kg/m’) 899.6 1,037.0
HHV (kcal/kg) 10,350 10,100
Excessive air (%) 122 16.2

Table 5. Modeling results for heavy oil and residual
oil.

ltem Hez}vy Resi_dual
oil oil
Power output (kW) 300,015 315,060
Heat rate (kcal/kWh) 2,144 2,155
Efficiency (%) 40.10 39.91
Internal power consumption (kW) 13,598.4 13,882.1
Turbine heat rate (kcal/kWh) 2,024 2,038
Total heat input (kcal/sec) 178,712 188,557
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