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ABSTRACT: Based on the structure theory of thermoeco-
nomics, the thermoeconomic cost model and the global
optimization model were established to globally optimize a
300MW pulverized coal fired power plant. The Sequential
Quadratic Programming (SQP) mathematical arithmetic was
used to solve the optimization models of complex energy
systems, in which the global optimal solutions was obtained by
balancing the thermal efficiency of system and the investment
cost of each device. The results show that the thermoeconomic
optimization will decrease 4 percent of the total investment
cost of the energy system. And, the effect of the variation of the
external environment parameters and the independent variables
of system on the optimal solutions of the system was evaluated
by using the “sensitivity analysis methodology”. The results
indicate that the external economic parameters influence the
objective function and the optimal solutions more effectively
than the external thermal parameters. And then, the results of the
sensitivity analysis of the independent variables near the optimal
solutions show that the optimal solutions obtained insure the

energy system exhibits the globally minimum total annual cost.
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Tab.1 Thermoeconomic cost equations and the related investment equations of the major devices in the system
B i T AT T BB AT ST
B-SH 10 ep10=kBroci+kSiocrs, 10k Z1o Znor=T40exp((10P-28)/150)[ 1+5exp((T1—866) /10.42)] [1+((0.45-0.405)/(0.45-1))"18**
RH 13 cp13=kB13cetkS13crs 13tk Z13 Zp-su=(1-fru)Zo1, Zru=fruZpor
FWH 1-4,7-9 cp~kBicen +kSices Ak Zi Z}" = 0.02x3.30(1/(Trroa))™ (10AP) % (10AP)**x1000
Turbine  11,12,14-20 e, =kBicen HkScrs +hZ; Z} = 3000[ 1+5exp((71-866)/10.42)][1-+((1=77r)/ (1=17r))’ 1"
Pump 6,23 Cr=kB cry +kSicrs +kZ: Z! = 378[1+((1-0.808)/(1-7r))"]B" "
CND 22 cpp=kBaycep o+kWascpw ok Za, Zeno=(1/To8){217[0.247+(1/(3.24 V,* )] In(1/(1-))+138} (1/(1-1))S
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Tab. 2 The value ranges of the major variables
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Fig. 1 Schematic diagram of global optimization
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Fig. 2 Variation of the unit thermoeconomics cost of
the product in each component due to the optimization
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Tab.3 The values of the external environment
parameters in the system optimization
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Tab. 4 Results of the global optimization

A Ak ar x° e x"
7801 0.91802 0.90496
TPl 0.82624 0.84407
up2 0.90949 0.90204
p1 0.90779 0.90163
e 0.93463 0.90414
et 0.89003 0.91710
1Lp2 0.91176 0.84340
Lp3 0.93839 0.92082
MLp4 0.90426 0.91187
Lps 0.78556 0.81016
TFwp 0.78963 0.84939
TIBFPT 0.79889 0.79880
Tcp 0.80000 0.82343

Trrpewni/ 'C —1.70000 2.80000
Trrorwn2/ C 0.00000 1.15643
Trrorwns/ C 0.00000 —1.90529
Trrorwna/ C 2.80000 0.22169
Trrorwns/ C 2.80000 —-0.92037
Trrprwne/ C 2.80000 -0.73309
Trrorwnr/ C 2.80000 0.40515
Tsy/C 537.00000 547.61642
LEPEAL S A ($s) 2.4032371 2.3688085
B A/(10%9) 1.419213 1.357657
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Tab.5 Results of thermoeconomics cost analysis
under the optimal conditions

E ISV K Y154 S WL &Y =5 a AT Ak )5
5 WA Z/3 WA Z/8 epl(107°8/kT) cp(107°$/kT)
1 FWH7 1363149.44 149740238 13.988 13.663
2 FWH6 1080873.03  1203748.44 10.108 9.840
3 FWH5 94751934  1022862.47 8.936 8.765
4 FWH4 145332380  1449677.56 8.594 8.433
5 DTR 173323394  1587852.01 8.682 8.615
6 FWP  313396.14 520306.30 11.584 11.357
7 FWH3 1324819.86  1469952.65 7.654 7.657
8 FWH2 2029160.79  1789952.00 7.158 7.091
9 FWHI 1588756.14  1261279.09 6.999 6.948
10 B-SH 56166269.91 52791927.47 5.630 5.601
11 HP1 841031155  9585385.08 7.537 7.465
12 HP2 427730031  4112267.53 7.522 7.449
13 RH  7659036.81  7198899.20 5.243 5.196
14 TPl 620724531  6363669.60 7.422 7.383
15 1P2  6947359.56  5333705.55 7.480 7272
16 LP1 312469395  3610437.11 7.656 7.575
17 LP2  5397112.65 452426535 7.507 7.711
18 LP3  7124786.76  6023293.83 7.665 7.116
19 LP4 361797641  3744453.54 7.784 7.708
20 LP5  4931279.41 544079431 8.980 8.827
21 BFPT 203814132  1883227.57 9.572 9.565
22 CND  3654896.49  3638661.59 0.422 0.418
23 CP 44472 41 53422.63 10.938 10.701
24 GEN  9581305.63  9658234.53 8.017 7.896
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Fig. 4 Sensitivity analysis of the external environment
parameters on the annual cost and the total investment cost
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