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Abstract— A utility plant is one of key unit plants in large scale refinery and petrochemical plants that supplies the
steam and the electricity using fuel oil and gases. As the energy cost and the concern on the environmental pollution have been
increasing, the energy saving and the operation optimization of the utility plant have received attention from both academia and
industry. This paper proposes a hierarchical optimization method for the utility plant optimization that consists of top and
bottom level optimization. At the upper level, the total utility plant including electricity supply and demand is optimized.
At the lower level, the solution for the steam generation obtained from the top level is refined to achieve the optimal load al-
location for the boilers. Various unit process models have been developed from the operation data and the material and en-
ergy balances. The key variables that mainly determine the operation cost for the utility plant have been selected and op-
timized. The optimization result has shown that the operation cost was reduced by 6.2 % and the average efficiency of the
boilers was improved by 0.3 to 1.7 % through optimal boiler load allocation.
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Fig. 1. Upper level : a steam distribution system.
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Fig. 2. Lower level : a boiler system.
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Fig. 3. Optimization using hierarchical method.
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the generated steam)
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Fig. 6. Systematic decomposition analysis for turbine modeling.
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Table 1. Optimization result of steam distribution(Upper level)

Operation Flowrate Temp. flow
optimization optimization
HP demand, kg/hr 172420 172420 172420
MP demand, kg/hr 24041 24041 24041
LP demand, kg/hr 46411 46411 46411
Total flow, kg/hr 327200 312410 329250
Temp., stm °C 510 510 490
Temp., bfw °C 111.5 118.7 150
Steam saving b 4.50 % -0.60 %
Temp., var. °C 398.5 391.3 340
Fuel cost, $/hr 4.58x10° 4.35x10° 429x10°
Cost saving Rk 5.00 % 6.20 %
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Table 2. Boiler load allocation result(Lower level)
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Total No. 1 Boiler

No. 2 Boiler

No. 3 Boiler Average

Steam T/hr Steam T/hr Eff. % Steam T/hr Eff. % Steam T/hr Eff. % eff. %

Operation 210 70 91.7 70 82.1 70 84.0 85.9
Optimization 50 91.2 110 87.9 30 82.8 87.5
Operation 240 80 91.9 80 83.9 80 84.5 86.8
Optimization 50 91.2 132 89.8 58 83.3 88.5
Operation 270 90 92.0 90 85.4 90 85.0 875
Optimization 50 91.2 140 90.2 80 84.5 88.7
Operation 300 100 92.0 100 86.7 100 854 88.1
Optimization 50 91.2 147 90.5 103 85.5 89.0
Operation 330 110 92.0 110 879 110 85.7 88.5
Optimization 60 91.5 150 90.6 120 86.0 89.1
Operation 360 120 91.9 120 88.9 120 86.0 88.9
Optimization 75 91.8 150 90.6 135 86.3 89.2
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ab,c :boiler efficiency regression coefficient
Coeum con : Steam cost [WON/KJ]
D : process demand [kg/hr]
F : steam and water flowrate [kg/hr]
H : enthalpy [kJ/kg]
m : designated unit process
n : unit process
N : total unit process
P, : electric power generation [MW]
P, : electric power demand [MW]
Q,user  : heat transfer amount from water to steam in boiler [kJ/hr]
Qg : heat energy from fuel [kJ/hr)
S : unit number for demand
T : temperature [°C]
az2|0lAa 2Kt
o, B :enthalpy regression coefficient
n : boiler efficiency
n : turbine thermodynamic efficiency
Ah : enthalpy change [kJ/kg]
S X}
add : letdown valve desuperheating water
ave : average
bfw  :boiler feed water
bld : blowdown
ex : turbine outlet

fuel
hd

i

in

j
out
stm

: fuel inlet

: header

: stream number, boiler numbef
: inlet

: stream number

: outlet

: boiler outlet

total  : total steam generation in boiler system
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