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Abstract —This paper proposes a new methodology which can consider energy constraints effectively.

The authors formulate a generation-planning problem to consider energy constraints by Lagrangian Re-

laxation, and develop effective algorithm. As primal problem, this algorithm can obtain unit commitment

and its generating power with satisfying energy constraints. As dual problem, this algorithm can obtain

fast and accurate results. The usefulness of the method is verified by applying it to the test-set system and

the real system.
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Table 1. Characteristics of the generators.
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©General characteristics of thermal generators

i Cit= o (Pit)z +B, Pil +y, pmin prax start-up Appx Tiu[,min T dn™min lntitial

ni ! S 'y ' state
1 0.034957 31.811 160.53 50 200 1756 5 2 2 -10
2 0.002355 8.601 173.12 50 200 1756 5 7 5 -16
3 0.002428 8.867 178.47 50 200 1756 5 7 5 -16
4 0.001428 8.381 305.48 100 500 3512 8 10 8 20
5 0.036006 32.765 165.35 50 200 1756 5 2 2 -10
6 0.004433 26.001 248.23 100 400 3512 8 5 3 -16
7 0.002501 9.133 183.82 50 200 1756 S 7 5 -16
8 0.001471 8.633 314.64 100 500 3512 8 10 8 20
9 0.000879 4526 1042.34 600 1200 21072 1 100 100 30

© Characteristics of energy constrained thermal generator

Energy constrained Required fuel usage Calories Unit price Required fuel price

thermal generator [Ton] [Geal/Ton] [W 1,000/Gcal] W 1,000]
Unit 3 below 100 15.000 10.000 blow 15,000
Unit 7 over 200 15.000 10.000 over 30,000

Table 2. Unit commitment schedule.

Unit Commitment

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Unit

17 18 19 20 21 22 23 24

, Commit whether energy constraint is considered or not; ©, Commit when energy constraint is considered; X, Decommit
when energy constraint is considered.

Energy Engg. J (1995), Vol. 4(3)
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Table 3. Generating power of each thermal generator.

Stage 9 Stage 13 Stage 20
Unit
Not Consider Consider Not Consider Consider Not Consider Consider
1 - - - - - -
2 200 200 200 200 172 -
3 154 - 200 155 - -
4 432 409 500 500 362 358
5 - - - - - -
6 - - 100 100 - -
7 - 200 178 200 - 180
8 334 311 472 495 266 262
9 980 980 1200 1200 1200 1200
Table 4. Changes of energy cost and multipliers und- 46 [x 1008 ma1
er energy constraints. 2 ~
2 AP \v[ L AT O LAV AT
Not Cosider  Consider 2 _/\V\ /A T L O 0 W AL W
o)\ S O O A Y O O
Total pri 416,767 417,515 ol A M M M
. ‘ otal price s R “ N \Uj
nergy price .
[W 1,000] Unit 3 23,071 14,954 i:
Unit 7 17,116 30,732 8 ) X ) . . . . .
8 28 @  on 88 188 128 148 168
Unit 3 o, 0 0
Multiplier ©; - Afkel [ar]
Unit 7 o, 0 0.063 Fig. 4. Load pattern of real system.
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Table 5. Energy constraints in thermal units.

Energy constrained Required minimum Calories Unit price Required minimum
thermal generator fuel usage |Ton] [Gcal/Ton] [W 1,000/Gceal] fuel price [W 1,000]
Unit 1,2,3,4 21,000 13.000 12.959 3,537,807
Uit 5,6,7.8 15,000 11.191 3,117,420
Unit 25,26 8,500 4.550 9.455 365,672
Uait 30,31 12,000 10.667 7.462 955,165
Unit 32,33 13,000 8.800 8.793 1,005,919

Table 6. Changes of unit commitment schedule by energy constraints.

Unit Commitment

Unit
2 3 4 5 6 7 8 9 10
; S—
6
7 o O O O O
8 o o 0 O O

17 X X X X X
18
64

65

12 13 14 15 16 17 18 19 20 21 22 23 24

» Commit whether energy constraint is considered or not; ¢, Commit when energy constraint is considered; %, Decom-

mit when energy constraint is considered.

Table 7. Energy consumption on energy constrained units.

Energy constrained Required m?nimum Fuel pri.ce Fuel ;?rice Pseudo price
thermal generator fuel price (Not consider) (Consider) (1-6+5)
[W 1,000] [W 1,000] [w 1,000] 1
Unit 1,2,3,4 3,537,807 3,507,648 3,537,874 0.945
Unit 5,6,7,8 3,117,420 2,386,046 3,257,146 0.794
Unit 25,26 365,672 261,774 365,682 0.665
Unit 30,31 955,165 1,111,252 968,796 1.000
Unit 32,33 1,005,919 913,809 1,011,108 0.806
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