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Startup and Shutdown Problem of Thermal Generating
Units with Constrained Total Nitrogen
Oxides Emissions (Part 2)

by Yoichi NAKAMURA and Susumu YAMASHIRO

When thermal generating units were constrained with the total nitrogen oxides
emissions, we determined the optimum operative pattern by the dynamic programming
method in the previous paper. However, using the dynamic programming method,
memory requirement will increase more in case of many grids requirement or many
informations given to these grids (in our previous example, when we gave informations
of the operative pattern to the grids, memory requirement increased from 17 kW to
98 kW).

In this time, we present the other method which decides the optimum operative
pattern than the dynamic programming method. And we apply our method to model
system, and report that our method requires less memory domain and computing time
than the dynamic programming method.
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Table 1. Characteristics of generator
F=a+bG+cG? [T H/#] Goio | Guas y=a+pG+7G? [kg/h] P
: b e |l | @ | P [ TO

1 9.334 0.9546 2.190 b i e (01§ \ 164.98 0.3652 3479 22
2 15.652 0.7971 3.153 27 101 164.98 0.3652 3479 20
3 8.019 0.8201 1.881 27 99 14.08 0.3329 4.259 4.6
4 13.446 0.6848 2.709 27 99 14.08 0.3329 4.259 4.6
5 25.718 0.7922 0.732 37 232 62.31 —0.5655 6.251 39
6 21715 | 0.8355 0.588 37 220 62.31 —0.5655 6.251 39
7 22.094 0.6806 0.630 | 3% 222 40.91 —0.5543 6.940 52
8 18.656 0.7177 0.504 37 236 4091 —0.5543 6.940 52
9 34.302 0.7513 0.438 144 344 10.43 —0.6147 5.738 —
10 28.058 0.7915 0.372 144 344 10.43 —0.6147 5.738 —
11 29.469 0.6455 0.375 144 344 43.58 —0.5194 4.686 o
12 24.104 0.6800 0.318 144 ‘ 344 | 43.58 i —0.5194 4.686 —




NO: D ZHHHELHW S W B EOK N REHBHEBEILME (B 28) 187
MW
2,500 |
2,000 }-
1,500 |
1 1 1 1 1 L 1 1 | - I 1
1 2 8 -4 R e 8 9 10 11 12#R9H
E5B A B i 8
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Table 2. Economic operative pattern
53 ] i
1 2 3 4 5 6 it 8 9 10 11 12
1 | Jax | ol Jax e exiax [oxr] % | % Fx
2 X X X X X X | X X X X
3 X XK 1o K X X
4 | X X X X
5 ’ X X |
6 |
7
8
9
10
11
12
| \ |
H B OB [t] 6.97 | 6.00 | 551 4.72v 422 | 488 | 565 | 634 | 536 | 523 | 5.36 | 5.89
i #i7 # [¥106] 5.24‘ 4.72‘[ 442 | 368 | 348 | 398 | 450 | 482 | 436 | 413 | 427 | 4.65
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Table 3. Optimal operative pattern with constrained total
emissions at 64[t]
53 5] i
% H® OB
it 2 3 4 5 6 7 8 9 10 145 4 12
1 X X X X X X X X X X X
2 X X X X X X X X X X
3 X X
4 X X
5 X X
6
7
8
9
10
11
12
H B & [t] 697 | 597 | 530 | 465 | 416 | 444 | 549 | 6.30 | 517 | 4.71 | 499 | 584
M 45 & [¥106] 524 | 472 | 442 | 368 | 348 | 399 | 451 | 483 | 436 | 4.13 | 4.28 | 4.66
N M
X: @y Y X Fi=5229 [¥10¢]
n=1lm=1
FAER REHHEHK Y=62[t] ©%HE 0 ki EH
Table 4. Optimal operative pattern with constrained total
emissions at 62 [t]
53 5] H
1 2 8 4 5 6 7 8 9 10 11 12
1 X X X X X X X X X X X
2 X X X X X X X X X X
3 X
y .
5 X
6
7
8
9
10
11
12
H B B [t 697 | 588 | 520 | 382 | 393 | 435 | 538 | 6.14 | 507 | 463 | 491 | 572
¥ 65 P [3¥106] 524 | 473 | 443 | 372 | 349 | 400 | 451 | 484 | 436 | 4.14 | 428 | 4.66
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Table 5. Optimal operative pattern with constrained total
emissions at 60 [t]

53 sl Giid
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1 2 3 4 5 6 7 8 9 10 11 12
1 X X X X X X X X X X X
2 X X X X X X X X X X
3
4
5
6
7
8
9
10
11
12
oW & [t] 685 | 585 | 5.11 | 361 | 323 | 417 | 530 | 6.00 | 4.96 | 447 | 478 | 5.67
T 5 B [3¥10°] 526 | 473 | 444 | 3.75 | 356 | 4.02 | 452 | 485 | 4.38 | 416 | 4.30 | 4.67

N M
X: Wl 5 % FA=5264 [¥10]

N M
I I F,[¥109

53.0 |

525

L 1 1 1
60 62 64 66 Y[

%6 RABHEH R T 5 REGEE R

Fig. 6. Total cost curve for constrained total emissions.
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