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(Optimal Operation of Industrial Cogeneration Plant with
Back-Pressure and Extraction-Condensing Turbine/Generators)
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Abstract

This paper presents a novel algorithm for determining the optimal operation of a cogeneration plant
with back-pressure and extraction-condensing turbine/generators. The proposed algorithm determines the
optimum load of boilers and turbine/generators, using only one parameter, the steam mass flow rate,
which can be obtained directly from on-line measurement during plant operation. The proposed algorithm
consists of the non— linear operating cost function, and its correlated constraints. Furthermore, it has been
successfully applied to an actual industrial cogeneration plant, with satisfactory results. Comparison of
these results with actual operating data has revealed that using the proposed algorithm results in at least
1.2~4.5( %) operating cost saving, depending on the process steam load. Furthermore the proposed algo-
rithm can be easily installed in a process control computer because the required input data can be easily
obtained from information available on-line.
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Fig. 1. Electric and therma energy flow diagram of in-
dustries with cogeneration plant
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Fig. 2. Diagram of cogeneration plant with back-pres-
sure and extraction-condensing turbines
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Fig. 3. Relation between the consumed steam and elec-
tric power output in extraction-condensing tur-

bine
= gusle FAT WSS Ao $3L e
g fskn 43 DED 3¢ Aalse 49

—_—

A F oy B4rE @435 olg A

Aok F7] EFENE ¢ - £ ¥ F
hel 23 o] goz FAY £ o s L
JejvlolN ARE dgvie B4 AHFIe B
2olm g2 shte AY UM 2249 Ag
g Agate] BAAelt. 1Y 3L F7] 5TH
Bl M 229 ZUiEs A TARSY] BAE &
Al Aol

Z7] B4 - #8418 £E3TUE He
o 2 7HE AT

(1) %71, 371371, 853719 542 43%
A Aojdot.

(2) RE 37137133} B4371%9 §e F5 7
23} g},

olg} 2& 7HYstol mgEIvlD AYEH FolA
o ¢l - 284 4 (4), (5)9} o] FHA.

e mo L ok
a o rl

4

|

Phj(rilmj) =b, +b22rhmj+ li)z;sfi"lmj2 (4)
Pl](rhcj) =by+ bszfi'lcﬁ' bsaf'hcjz (5)
o714

Py . TEI A HakE 2 (MW)
Pyt AGE AN BadE 23(MW)
m,; . TYERS] FF71%F(T/H)

Journal of KIEE, Vol. 12, No.2, May 1398



m,; : ALER S FF7|F
(ZYER F71F—-F71571%) (T/H)

27 BEEUGN A A4 AFH 28
Y 27133 AL A W HEERE A6
3 2o] £2ET.

P(Mp, mg) =Pymy,+Pimg
= (by +by) +bzzf:ﬂm;+ bz3r’.nm;2
+ b+ bame’
:CI1+CIZrhm,+C13rhm12
+Cp Mg CigM, (6)
My 3715l A BAE AA AEF(MW]

de BE ¢ - 29 BrE A4 BN 21
HolEls) E¥ AALY] HFE ¢ BEHA T
% slek.

2.2.3 E4359 3R ATAY

wjoteiula} 7] BENE A8 SHEF A
ZAE HH3 FAE dAdde AL FHY IR
3 oA g FESH FFNRAN BHPFE 3
423271 Holth. FHEE HeeH 285HE
ANl 22 BE By JdEHEH YR E
Bg| Fujste wjdu|ge] Fog o]Foixict. ofu
Faplo) th3k A7z o)z, FHAEY QAN
BERRH S e uge gAStn s F
Ao 2Agss) olio] A8 Brbed 2IES
W37 st ZWE &g HES AT AlgE
< uEt. olHT HAs FHES HA &
AAulo| tig Ay &<4=(Cost Function)e 4(7)
3} o] ZYHT}

Cr=UPOX (S i)+ 3 Fiin)

FUPEX{Py— 5P (1) = 2 P, )} (7
o714

Cr: EUEY AA &40 4

UPO : dgu] @74 $ /L)

IR65 - BRFBRIFH G B128 H25%k 1998F 57

A2

UPE : 95255 7¢stes spdg7H § /Kw)
PD ! 349 AA 28 W% (Kw)

n: BYENIE Ry ¢

k:F7185 HUR B +

4 (7)9] 7A¥] g4E B Y (Mass Balance)#
4 8)%9 (Facilities Capacity)dl 35 = A AL
E€ 1Ese oga 2ol HAANH 5 Qi

- S ol st ®stAre
- 33%7 ¥5x4

n k
Zmb,+ 2 My
=1

= St 3 (o) =1y ®)
9714

m: F71EFENY 27137 F(T/H]

my A T 28 F71F(T/H]

- Mu|s 2ol chEt ®sAL

— BYy $H=xA

M imin < 1 S M (9)
MM imin < M < M ma (1)

- 247 ¢12d

RUARG ML}

l’irlcymms rhcjsmcjmax (11)

Hs td SHE du|5Y2 AR ¥4 €
AU AQ%d whet ude fFo] AYEF BY
] §gol meh el —2d7] &3] ZHH) WE
of APFF AL APl € F U €8T
LHFE TR 28 FRafel mebA TAsE ¥
AEE FAFHT Y Y AT dE 2F
FEE FFA T 29T W SYEY EE A
ol&g o] EuY WA wt eHE JUH
Ho| Qlth. 2ER oA TR A AY RaF
S SHE 2AFS YR RY Foiss njAF
3 2oe 4 (09 237 BS5EHY o

[ k
PD:‘EPi(mmi) + 2 Pj(rhmj—r:ncj) :rha (12)
= o+l

(201) 73



ERL BREKHLIS KBS EXHE ARG FBEAEQ BEER

97)A
Py R2Rg 7ot fAFMW]

AR G BAE S T2 A
dAe W THFol flolx T AHREE
FEA FFL & e 4% FA AdulE 2F
71 dEd g 2AEREY BN -7
7h FANE GAUAE wpolH Ao A, ZH2WiHE
olg3te] IR FHEAFE AzAHY el
A7 gl Aol

Rl

rlr wj

3. AlEdiojd

AR ¢nYFE A A T H AXTH
A 3 Y AA FRES Hlwdo Al gl
ANsgT. o] FREE shte) wigteuln 2749

E: 3 1. Bal2{e] Al
Table 1. Specification of boliers
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Table 2. Specification of turbine—generators
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Table 3. Coefficients of boiler 1/0 functions

Items ai, an a2, az a, aza—‘
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Table 5. Upper and lower limit of each boiler steam
flow rate

Unit No. | Min (T/H)

Max (T/H)
246 82.0

#1
#2 455 130.0
#3 455 130.0
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Table 6. Upper and lower limit of condensing steam

flow rate

" Unit No. | Min (T/H) | Max (T/H)
#2 | 46 300
#3 | 20 100.0
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Table 7. Simulation results
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Fig. 4. Trend of boiler load and condensing steam flow
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