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Abstract — The economics of most chemical plants are heavily dependent upon the management of the utilities used in
the plants. The utilities are supplied by the centralized utility system of the plant. Among the various utilities the steam is
by far the most important energy source and the management of the electricity and the process water are greatly affected
by the steam. Therefore it is necessary to educate students and new employees the basic concepts about the effective dis-
tribution of the utilities and the fundamental strategies to apply the concepts in actual plant operations. The OOUS
(Optimal Operation of Utility System) is an GUI educational system designed to educate the effective generation of the
steam and the optimal steam distribution schemes within short period. The OOUS deals with various utility equipments
and processes and shows how to save operation costs by displaying the optimal operation conditions based on the pro-
cess models and the operational knowledgebase.

Key words: Optimal Operation of Utility System, Utility Plant, Motor/Turbine Process, Optimization, Steam Header,
Knowledgebase
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Fig. 1. The flow diagram of steam in steam distribution plant.
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Table 1. Operation range of typical variables
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Table 1. Continued

Variable Typical operation range Variable Typical operation range
X, (th) 10<X,<660 X5 (t/h) 0<X (<5
X, (t/h) 5<X,<121 X (t/h) 0<X ;<35
X (th) 35<X,<233 Xg (th) 0<X 5<35
X, (t/h) 10<X,<186 Xgo (t/h) 0<X (<20
X, (t/h) 12<X<99 Xy () 170<X,<781
X, (t/h) 13<X,<50 X, (t/h) 170<X,,<781
X, (t/h) 10<X,<192 Xy (t/h) 170<X,,<781
X (t/h) 0<X<102 X,; (t/h) 151<X,,<888
X, (t/h) 0<X,<397 X,y (th) 151<X,,<667
X, (t/h) 0<X, ;<397 Xys (t/h) 20<X,5<123
Xy (th) 0<X,,<93 Xy (/) 10<X <47
Xy, (th) 0<X,,<93 Xy, (t/h) 1<X5<9
X5 (t/h) 0<X <55 Xog (t/h) 10<X <45
X4 (th) 0<X,,<55 Xy (t/h) 8<X1<30
Xys (t/h) 0<X,5<397 Xgo (t/h) 10<X <37
X, (t/h) 0<X,(<397
Xy (t/h) 0<X,,<190
X5 (th) 0<X <190 et =
Xyo () 0<X,5<100 2-1. 37| ollC{(steam header)
Xy (/) 0<X5<100 7] due 571 2 ﬂx] oM Akt F571E 24| o
X (V1) 10<X, <245 9 BoIt FeAR Fe) T AT FAsh Ao B
o G | ah1sh Srelele] s, 1ol st Als) slol Sith 5
Xo3 (th) 10<X,;<40 Rl gl = e = il W T
Xy (t/h) 9<X,,<235 <71 vl 5719 dEel [L}E} 2k, sk, Y, 1A A
o) s % 5] Az TREn $37) Adze) 5] B 7 o
Xz: (t/h) 50;)(3:;151 o EE 55719 et xiE:l RS Slet Bl T2
X (V) S0<X0<151 7] el upel gelch. 7t dltjel $57] S AL e
Xy (t/h) 50<X,4<55 7}
X5 (t/h) 50<X;50<55 )
Xi? (th) 7SX§?§8 23189 4757] 3llt] (superheated steam header):
X5, (th) 7<X1,<8
X;;(t/h) 343)(;;70 m3+mgtms+m;;+mg+my +my—m; =-b, Q)
X5, (h 34<X4,<70
Xi: Et/h; 16£Xi:$33 38t 7571 &t (high-pressure steam header):
X35 (th) 16<X5,<33
Xy (t/h) 13<X,<20 my My + Mg+ Myy +Myy+Mys+ My Mg +My3+mys+my,
Xz () 13<X34<20 +myg—my—myp—myg—my—mys = —b, @
X3 (th) 9<X3¢<20
Xy (t/h) 9<X ;<20 =% 571 3t (medium-pressure steam header):
X, (th) 2<X,,<5
X, (t/h) 2<X,,<5 my3 +my; +Ms; + Mg+ Mgy +Mss—My—Myp—Myg—Myg—Ms,
X3 (t/h) 38<X ;<115 Cme—m. = b 3)
X, (th) 38<X,,<115 o
;((45 E%g 382((452; A 7] ] (low-pressure steam header):

46 <X46S
;((47 Egﬂ; gii”i}g Mg+ My) —Mg—M g —Myp—M3y—Myg— M3 —M3g—Myg— My,

48 —X348= _ _ = _]
Xy (t/h) 14<X 1o<15 Mso—Meo = ~by “)
X5 (h) 14<X5,<15
;((51 E%g 22(4552 2-2. E{dl 27| (turbine generator)
<o e B 7)) Ise kgt 28 oA (4 (5)el wiek
Xy (1) 19<X;<86 et 4 glom] F71ae] o] uel wTe WA S gk
X5 (t/h) 5<X4s<26
X5 (t/h) 0<X <4 -
Xs7 (t/h) 135X 7562 W= Zni(miAHi) ®)
Xsg (t/h) 1<X <7 !
o i Bl 719 B A thest .

0 <Xe0=
Xe1 (th) 0<X4,<107 m; = m,+ms+mg 6)
Xgo (th) 0<X <5 _ . 7
X3 (t/h) 0<X ;<6 My = My T My @)
X4 (th) 0<X,<35 Myy = Mps + My (®)
X5 (t/h) 0<X5<6
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N, = ¢;+ 10 c,myH;+ 10 °cym,H, + 10 °c,m H; ©)
My =cs+t 1076‘36111211“121 + 1076‘37mzszz (10)
M3 =cgt 1076c9m24H24+ 1()J)Clomstzs (11)
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Table 2. Changes of steam demands at each header
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Table 3. The simulation results of distribution operation

After distribution

Equipment D;:gg
@® @ ®
Mitr 1 IM/IT IM/IT IM/IT IM/IT
Mtr 2 IM/IT IM/IT IM/IT IM/IT
Mitr 3 IM/IT IM/IT IM/IT IM/IT
Mtr 4 IM/2T IM/2T IM/2T IM/2T
Mtr 5 2M /2T OM /4T OM /4T OM /4T
Mtr 6 IM/IT IM/IT IM/IT OM /2T
Mitr 7 2M /2T 2M /2T OM /4T 2M/2T
Mtr 8 IM/1T IM/1T OM /2T IM/1T
Mtr 9 IM/1T IM/1T IM/1T IM/1T
Mtr 10 IM/1T IM/1T IM/1T 2M /0T
Mtr 11 IM/1T IM/1T IM/1T IM/1T
Mtr 12 IM/1T IM/1T IM/1T IM/1T
Mtr 13 IM/1T IM/1T IM/1T IM/1T

M: motor / T: turbine

Superheated steam header High-pressure steam header

Medium-pressure steam header Low-pressure steam header

D Decrease of 50t/h Increase of 40th
® Decrease of 25t/h Decrease of 40t/h
® Increase of 32t’h Increase of 35t/h

Increase of 30/h Increase of 20t/h
Increase of 35t/h Increase of 25t/h
Decrease of 55t/h Increase of 25t/h

3lerast 46 15 2008 22
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Table 4. Results of simulations of steam generation units

Equipment Item Unit Before optimization After optimization
SS generate (1) t/h 516.1672 417.5448
Fuel (76) t/h 35.9953 29.1031
CBD (58) t/h 5.1617 0.9904
ss HPH (54) t/h 67.1017 54.2808
SAH (55) t/h 19.6144 15.8667
Boiler Deaerator (57) t/h 47.8487 38.7064
Fuel heater (56) t/h 2.0603 1.6262
Attemporator (53) t/h 5.4597 44143
HS generate (2) t/h 5.0000 5.0000
HS Fuel (77) t/h 0.2724 0.2724
CBD (59) t/h 0.0500 0.6888
SS (3) t/h 137.2103 116.6397
MS before (4) t/h 12.3600 12.3600
MS water (62) t/h 0.3708 0.3708
MS after (7) t/h 12.7308 12.7308
Main LS before (5) t/h 93.7934 542797
LS water (63) t/h 2.8138 1.3083
LS after (8) t/h 96.6072 55.5880
Condensed water (6) t/h 31.0568 50.0000
Turbine Generator Electricity (78) MWh 23.0000 30.7386
SS(21) t/h 164.5779 215.0000
Minor 1 HS (22) t/h 154.5779 205.0000
Condensed water (23) t/h 10.0000 10.0000
Electricity (79) MWh 8.02123 12.1827
SS (24) t/h 74.0899 135.9051
Minor 2 HS (25) t/h 29.0899 107.1440
Condensed water (26) t/h 45.0000 28.7611
Electricity (80) MWh 10.0750 10.0000
In (9) t/h 78.2892 0.0000
1 Water (64) t/h 7.1141 0.0000
Out (10) t/h 85.4033 0.0000
In(11) t/h 57.8107 0.0000
2 Water (65) t/h 3.9595 0.0000
Out (12) t/h 61.7702 0.0000
In (13) t/h 51.6890 55.0000
3 Water (66) t/h 3.3110 3.5231
Out (14) th 55.0000 58.5231
Desuperheater
In (15) t/h 0.0000 0.0000
4 Water (67) t/h 0.0000 0.0000
Out (16) t/h 0.0000 0.0000
In (17) t/h 0.0000 0.0000
5 Water (68) t/h 0.0000 0.0000
Out (18) t/h 0.0000 0.0000
In (19) t/h 0.0000 0.0000
6 Water (69) t/h 0.0000 0.0000
Out (20) th 0.0000 0.0000
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Table 5. The results of optimization

No. Demand of steam header (t/h) Before optimization After optimization Difference
LS MS HS SS (W/h) (W/h) (W/h)

1 25- 30+ 0 40- 11,483,294 10,337,168 -1,146,126

2 20- 50- 10+ 20+ 14,374,133 10,057,643 -4,316,490

3 25+ 35+ 40- 20- 11,848,976 9,627,927 -2,221,049

4 15- 22+ 35- 12+ 12,183,367 11,426,465 -756,902

5 10- 25+ 30+ 25- 13,569,777 11,058,737 -2,511,040

+: increase, - : decrease

& 73-¢oll thstel #2515 S=338I3iTt. Table 4= Table 207141<]
@ell W 231743l g HA35} 53 o]} o]§-2o] 2] 2HF
AEE vERd Zold Table 55 HA3) AR 4TS QoK Ao]
o} 5714 &1 2704 Hl 4,316,490 W/h(No. 2), H 4 756,902
W/h(No.4)e] v]8-d7to] o]foizl Z1& slsh = gt

5. O0USe| Al2

00US A|2~ES A1ZshE Fig. 20 1291 vlel 22 input menu
o] YeRdT). Input menuoll= FA 4714 152 HE©] Sl
check HE2 FEEE ZHES] A 24 43S ERigt 5= A
3lolEth. Distribute HE-2 24A|2] Ho]~F o] g-ato] Z42te]
7] denict sk 55719 NkE s 38t Optimize
HIE2 distribute FlE2 &3 7571 e AAT vhaol AR
T e HELSEA AR ARE FHASshe A9 (minimum of
fuel), 7571 B1hE HAglshs Az (minimum of steam), ~1
g]a Mg S Hoslshe A Y22 (maximum of ele. power)t
2 7 s ARE = Q) 71EA o R E 7 2
So] B AEEo] Qo upx|eh O 2 results HES >%4]2] H|o]
25 o] &% 57 Wik H A gt A¥E A= nlaste] BojErt,

5-1. REEIE| SHES| ¢xlf ZME =01
Check HES 21 FEZlE] ZHE A A 2 J3s
e overall flow diagram ¢] YEFATHFig. 3). ©] <] st

a5 gt sl

Check operation state,

Distribute steam flow at each steam header,

Distribute

Optimize result of stearn distribution

Minirmum of Fuel Minimurm of Steam Maximum of Ele, Power

Compare Results between distribution and
optimization,

Fig. 2. Display of input menu.
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o= boiler, turbine, motor/turbine, desuperheater, cost H£©¢] 3IT}.
Boiler HE-2 22 E] SMEL] 24 A3} FollM 7] At &
Aol sk 2the] 218 571 BA2(SS boiler), 1St TF
7] HAZ(HS boiler), B7]7](deaerator)s E&sto] A5 71471
(oil heater), ¢t T 7F471(HPH), %712 37] 1¥7](SAH) &
Ful wkg2 HolEUh(Fig. 4). Turbine F1E-2 218 Ailo] ARRE=
32 EWl @7)E RoJSH (Fig. 5), motor/turbine HE-2 13t)
o] gy P F4E& HoFth(Fig. 6). 578> e
E] Fze] 4=57] ERlo] AMgeh= 57| A7) BE7F AR
sh= AEES 217 YERdT), Desuperheater HE2 2118k,
&, T, ASt 4559 7571 slvlel AdE e7l2) 7HSE Adu
& BolEth Cost HES Al 29 vE-5 HolFe o=,
23 Ago vlg, AR 55719 v)g, ALk AYe] v 8-S
eI

B 4o K

5-2. 2TK|A H|O|AS o2t 57| =l

Distribute =5 T2 input balance 3¢| LERATEH o] 2
Fo7] HE fstel 7 FuEe] 3he dYshe AREAF S
3oL} Cost ZLFolXE A8, 571, A8 71H4E st
balance TI5olM = A, S5, 1%, 283 2380 757 3l
WHIlE dHeitt. 57] a7 Aoz AEH 557] )
7} AEA o2 ARYE v wAATE veRaL 57l S
S RojF= overall flow diagram o] UEFATHFig. 3).

5-2. 57| 242 ===}

Optimize HE-S F2H distribute HE-S ¢ A3t 57| &
Hl A7E o]-g3te] HAst ¥t HA3E AT woll= A
B ARE HA43) sl ABZE (minimum of fuel), 7571 A4S
A 3keh= A B2 (minimum of steam), 12|31 A8 AYARS FH
3Fsh= ABIZ7 (maximum of ele. power)0|2h= 3714 AEIZAS
AREEE &= Qi) 7|8 0 7= 71| Z7io] BF AElEo] Qiu)
HAs7b a4 0w A Qe A9 Ae Rtk AR UER
1 557) Hal ARS8 oJTE= overall flow diagram o] LERATH
(Fig. 3).
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5-3. Zue| Hluw

Results W& F= compare results “d°] YEFITH(Fig. 7).
Change of steam flow 15X+ 7+ 3llt] Q] 5715 WS ek
o}, Results of steam distribution 150l =%1X]2] H|o]A~E
o143t =57] Hl| % (before distribution), 2-%1#]24] Ho]A~F o]

831 =57] Full S(after distribution), 1811 57| Fuj A=
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Fig. 3. Display of overall flow diagram.
Clabier, HER) (=) Turbine, Generators, AEEl
SS HEADER
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[142,76079 164,57786 74,08985
[35.0067: 0.27240
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Fig. 4. Display of boiler diagram.

24 3}(optimization) 5 A= H|wE = QA S} o] IEol
= motor/turbine, desuperheater, turbine generator, boiler 0] $1¢]
FeEE ZWE] 7F X9 A S v]wd = Qlvk Fig. 7
2 HolE|9] FAIES v WSk boiler §1& HIFT Cost 150
A 2HA A Hjo]|~F o835t 7571 0l $-(after distribution)S}
T=7] Bx) A2 A 3K optimization)3t H|-§ WIS WojFL]

Fig. S. Display of turbine generator diagram.

ok ARE ARHE, ALk 5571 v]E, 28| ALk HE]
5 M= vlaeka F v Sk & 5 S slelErh 08
hckof|i= result of distribution initial operation values B3} result
of optimization initial operation values H=0°] 2lT} Result of
distribution initial operation values HE-> %144 Hlo]~F o] &
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Fig. 6. Display of motor/turbine diagram.

Eompare Besults

~Change of steam flow

LS Balance :
MS Balance :
HS Balance :
SS Balance :

~Results of steam distribution

Before distribution After distribution Optimization e
Motor / Turbine || Desuperheater || Turbine tor | Boiler | Mini of fuel Minmurn of steam [¥] Maximum of electrical power
After distribution Optimization
SS generate | 502.02125|t/h | 545,66584| t/h 417,54479| t/h Cost of fuel (W) | 13(913425][ | 10,639,841 ‘
: Fuel 35,00673| t/h 38,05683| t/h 10309| t/h
$S Boiler ™° I v [ B Sl v Cost of Steam (#) | 212815] | 182847
CBD | 5.02021|Vh | 5,45666/ t/h 0,52902| t/h
Cost of Ele. Power (#) | 313.073] | 327,707 f
HPH 65.26276| t/h 70,93656] t/h 54,28082| t/h
SAH | |g_|]'w| t/h I 20‘7353U| t/h I IEBBB?U|Vh Total Cost (W) 13,812,993 10,474,982 ,‘
Deaerator | 46, 5373—7| t/h | 50.58322| t/h 38,70640/ t/h
Fuel heater | 200389 t/h | 2.17826[t/h | 1,62618] t/h
ATM [ 53097 th | B77238|t/h | 441427 yh
[ Result of distribution — Initial operation values J
HS Boiler HS generate | 5.00000|t/h | 500000 t/h 5,00000] t/h [ ]
Result of optimization — Initial operation values
Fuel | 0.27240) t/h | 0.27240 t/h | 0.27240) t/h
CBD I IJ.I]SEIIJI]I t/h I U.USI]EIIJJ t/h | 0.48879| t/h [ Closs ]
Fig. 7. Display of comparing results.
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N =
b, : balance of superheated steam header [t/h]
b, : balance of high-pressure steam header [t/h]
bs : balance of medium-pressure steam header [t/h]
b, : balance of low-pressure steam header [t/h]
Coelectriciny: cOst of electricity [W/MWh]

Cper  : cost of bunker fuel oil C [W/1]

c; : constant of efficiency equation [-]

WS HARA 155
C,uer : cost of water [W/t]
f : objective function [W/h]
H; : specific enthalpy at position label [kl/kg]
H,, : specific enthalpy of steam to desuperheater [kl/kg]
H,.. : specific enthalpy of steam from desuperheater [kJ/kg]
H, : specific enthalpy of water to desuperheater [kJ/kg]
m, : mass flow rate at position label [t/h]
m,, : mass flow rate of steam to desuperheater [t/h]
m,,, :mass flow rate of steam from desuperheater [t/h]
W : electric power amount [MWh]
X; : variable at position label [t/h]
J2[o|A 2K}
uf : efficiency of turbine generator [-]
s
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