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Abstract — To achieve safe operation and to improve economics it is imperative to monitor and analyse demand and
supply of utilities and to meet utility needs in time. The main objective of motor/turbine processes is to manipulate
steam and electricity balances in utility plants. The optimal operation of motor/turbine processes is by far the most
important to improve economics in the utility plant. In order to analyse motor/turbine processes, we need steady state
models for steam generation equipments and steam distribution devices as well as turbine generators. In addition heu-
ristics concerning various operational situations are required. The motor/turbine optimal operation system is based on
utility models and operational knowledgebase and provides optimal operating conditions when the amount of steam
demand from various steam headers is changed frequently. The optimal operation system also produces optimal selec-
tion of driving devices for utility pumps to reduce operating cost.
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Fig. 1. The Schematic diagram of steam generation units.
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Fig. 2. The flow diagram of steam in steam distribution plant.
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Fig. 3. The schematic diagram of desuperheater.
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Table 1. Specifications of Motor/turbine and driving state

Equipment Motor/Turbine Driving state
Mtr 1 IM/IT IM/IT
Mtr 2 2M/3T IM/IT
Mtr3 IM/IT IM/IT
Mtr 4 2M /4T IM/2T
Mtr 5 4M /4T 2M /2T
Mtr 6 IM/2T IM/IT
Mtr 7 4M /4T 2M /2T
Mtr 8 2M/2T IM/IT
Mtr 9 3M/3T IM/IT
Mtr 10 3M/2T IM/IT
Mtr 11 2M /2T IM/IT
Mtr 12 3M/IT IM/IT
Mtr 13 2M /1T IM/IT
M : motor/ T : turbine
Table 2. The results of knowledgebase
Equipment Driving state knowledgebase

Mtr 1 IM/IT IM/IT
Mtr 2 IM/IT IM/IT
Mtr3 IM/IT 2M/0T
Mtr 4 IM/2T IM/2T
Mtr 5 2M /2T OM /4T
Mtr 6 IM/IT OM /2T
Mtr 7 2M /2T 3M/IT
Mtr 8 IM/IT IM/IT
Mtr 9 IM/IT IM/IT
Mtr 10 IM/IT 2M/0T
Mtr 11 IM/IT IM/IT
Mtr 12 IM/IT IM/IT
Mtr 13 IM/IT IM/IT

M : motor/ T : turbine

Mg+ My) — Mg — My, —My;—M3p— M3y —Mzg—M3g—Myy— My, — My,
—mg, = -b,

my +m,+Mmg;— Mgy —Mss—My—My =0

Mgy + Mg +my+my —mg;—myp =0

Mg, + M3+ Mgyt Mes+mee+meg; +mgg+mgg—mg; = 0

Mg +myp—my; =0

Mgy +Mys—my; =0

Mgyt mge—mgy =0

m;+msg—my =0

m,+msg—mys =0

m;—my—ms—mg =0

m;—m,—mg, =0

mg—ms—mg; =0

My —My, —Mmy; = 0

My, —My5—Mye =0

myy—Mg—my =0

mp,-mgs—m;; =0

myy—mgg—m; =0

myg—mg;—m;s =0

slskEst

458 H3E 20074 6

mg—Mgg—my; = 0

My —Mgy—Mye = 0
My;—Myg = 0

Myy—ms3p =0

my;—my =0

m;;—my, = 0

m3s—ms3s = 0

my;—mzg =0

myg—my, =0

my; —my, =0

my;—my, =0

mys—mys =0

my;—myg =0

mye—ms, = 0

ms;—ms; = 0
0.069885m; —m,; = 0.077024
0.069885m,—m,; = 0.077024
0.0106m; —ms; = 0.0117
0.13m;—ms, =0
0.038m;—ms5 =0
0.004m; —ms, = 0.044
0.0927m;-ms; =0

B2 ) Aok A
W;—0.3750m;+0.2470m, +0.1749m;s+8.9999< 0
Wgo—0.3420m,,; +0.2595m,,+8.1498 <0
Wyg;—0.3301my, +0.2519m,5+7.0584<0
mg—0.03m, <0

mg;—0.03m5<0

mg,—0.0833m ;<0

mg;—0.0641m,<0

mg—0.0602m4<0

mg;—0.0833m ;<0

mgg—0.0162m 3<0

Mgo—0.1935m,;<0

Table 32 &3} A zE Qokst Zlolt), HollH & = 5
o] 97}4] 73-$- BollA] ol 10,036 W/h(No.5), 2 1,969 W/h(No.6)
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Table 3. The results of optimization

Demand of steam header(t/h)

No. Before optimization (W/h)  After optimization (¥/h) Difference
LS MS HS SS

1 10- 14- 30+ 0 247,837 243,771 -4,067

2 10- 12- 13- 40+ 248,934 243,625 -5,309

3 5- 8+ 6- 22+ 253,878 244,021 -9,858

4 0 0 5+ 2.5+ 247,606 243,603 -4,003

5 0 30+ 5- 2- 254,037 244,000 -10,036

6 10+ 20+ 30- 5+ 245,124 243,155 -1,969

7 20+ 3.5- 12- 5+ 247,626 243,599 -4,027

8 30+ 20- 5+ 2- 248,895 243,361 -5,534

9 50+ 20- 15- 0 248,789 243,381 -5,408
+: increase, - : decrease
a4 S sglon olF slal 4571 4, A% 4%, B4 Enes!
&, A APEF 55 i AR AAska, e mde o4
A2 Hjo|AE npgo g k= HZA 3} AJAES ST A 1. Maria, T. V. R., “Automate Steam Balance] Hydrocarbon Process.,
REER HA3h A0 RHE 7H 5E7) AFEAA T EE 56(7), 111-114(1977).
F=Z7)9] S Ee tEle] R QRS vEEA | o 2 F 2. Pilavakis, P. A. and Perrin, M. A., “Energy and Capital Savings

AT oK gel g oUH71% 31 AR (2006-000-
0000-3314) Aol €J3}o] o]Folxl Axhe] Aol Ao 7}

=y

=k
b, : balance of SS steam header
b, : balance of HS steam header
bs : balance of MS steam header
b, : balance of LS steam header
c; : constant of efficiency equation
Couer - cost of water [W/t]

Cper  : cost of bunker fuel oil C [W/l]

f : objective function

H,, : specific enthalpy of air [kJ/kg]

Hg.,  : specific enthalpy of fuel [ki/kg]

H; : specific enthalpy at position label 7 [kl/kg]

H,, : specific enthalpy of steam to desuperheater [kJ/kg]
H,, :specific enthalpy of steam from desuperheater [kJ/kg]
H,, : specific enthalpy of water to desuperheater [kJ/kg]
m,, :mass flow rate of air [t/h]

m; : mass flow rate at position label 7 [t/h]

m,, : mass flow rate of steam to desuperheater [t/h]
m,,, :mass flow rate of steam from desuperheater [t/h]
m,, : mass flow rate of water to desuperheater [t/h]

w : electiric power amount [MWh]

n; : efficiency of turbine generator
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