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Research on low carbon scheduling of multi-objective flexible job shop
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Abstract : Aiming at the low carbon job shop scheduling problem, a low carbon scheduling model of multi-

objective flexible job shop based on genetic variable neighborhood hybrid algorithm was proposed. When cal-

culating the carbon emissions of mechanical processing system, the carbon emissions directly generated by

machine energy consumption and indirect carbon emissions from waste treatment were comprehensively consid-

ered. The objective functions of completion time, total machine load and carbon emissions were established.

The multi-objective weighting method was used to sum up the objective functions. Finally, the genetic variable

neighborhood hybrid algorithm was used to optimize the scheduling model. The simulation results showed that

the model could reduce carbon emissions in the production process under the premise of ensuring the balance

of completion time and equipment utilization, which verified the feasibility and effectiveness of the model.
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Table 2 Processing data of each workpiece on different machines

Iﬁ: I}_\? M] M2 M3 M4 MS M6

0, 1.0/9/1/3.0 2.0/13/1/2.0 — 2.0/13/1/2.0 — 1.0/13/1/2.0
0, — 1.0/7/1/3.0 1.0/5/1/2. 1 2.0/14/2/72.0  3.0/13/2/3.0 —

J, 0, — 2.0/5/172. 4 — — 1.0/15/1/2.0 1.0/7/1/1.7
0, 1.0/12/1/2.0 — 1.5/14/2/2 2.0/12/1/2.0 — —

() 1.0/6/1/3. 1 1.0/6/1/3.2 1.0/8/1/1.5 1.0/7/1/2.0 2.0/4/1/1.2 1.0/8/1/1.5

Oy — — 2.0/15/2/1. 6 — 2.0/13/1/3.0 1.0/15/1/1. 6
0,, 2.0/13/1/1.5 — 1.0/4/1/1.0 2.0/16/1/2.3 1.0/11/1/2.5 -

A 0,, — 1.0/15/1/1.2 1.0/6/1/2.2 1.0/6/1/2.2 — 2.0/12/1/1.3
0, 1.0/5/1/2.3 — 2.0/13/1/1.6 ~ 2.0/10/1/2.6  1.0/13/2/2.3 —
0, 2.0/14272.4  3.0/15/2/2.7 1.5/5/1/1.0 1.0/5/1/2. 8 1.0/4/1/3.2 -

0,, — 1.0/6/1/2.0 1.0/7/1/2. 1 — 3.0/16/1/1.2 2.0/12/372.0

J3 O3 1.0/5/1/2.5 1.0/8/1/2.2 — 2.0/11/1/2.5 - 2.0/14/3/1.0
0,, — 1.0/6/1/1.5 2.0/17/1/2. 1 1.0/14/1/2.4  1.5/12/1/2.0 —

05 2.0/17/1/2. 4 — 2.0/14/1/2. 4 2.0/6/1/3.0 2.0/7/1/2. 4 2.0/13/2/2.3
0, 1.0/19/1/3.0 — 1.0/20/2/3.0  2.0/13/1/2.5  3.0/15/2/2. 4 -

0, — 2.0/10/1/2.5 2.0/7/1/1.0 2.0/1372/2.5 1.0/7/1/5.0 1.0/15/1/1. 4

Js 0, 1.0/4/1/2. 5 1.0/8/1/2.0 — — — 2.0/15/2/2.0
0, 2.0/10/1/3.2 — 1.0/6/1/1. 6 — 1.0/6/2/1. 6 —
0,5 2.0/15/2/2.6 2.0/8/1/2.3 1.0/15/2/1.7  1.0/13/2/2.0 — —

0, — 1.0/6/1/2.2 — 2.0/7/1/2.6 2.0/12/1/2.0 1.0/5/1/0.9

05, 2.0/8/2/4.0 — 2.0/12/1/2.6  2.0/15/2/2.5 — 1.0/8/1/0. 6

J. O, 2.0/13/1/2.4  2.0/12/2/2.3 — — 2.0/16/2/1. 6 1.0/7/1/0. 8
0, — 1.0/4/1/2.0 1.0/6/1/2.0 1.0/6/2/3.0 1.0/12/1/1. 4 —

Oss 1.0/13/2/3.2 — — 1.0/7/1/2.5 — 2.0/8/1/1.3

Oy 1.0/11/2/2. 8 1.0/3/1/2.5 2.0/10/1/2.5 2.0/12/1/2.4  2.0/15/2/1.0 1.0/5/1/0.9

Oy, — 2.0/11/1/1.2 — — 1.0/7/1/1.0 1.0/8/1/0. 8

O, — — 2.0/87272.0 2.0/12/1/3.0 — 2.0/4/2/1.0

Je Og; 1.0/10/1/2. 4 1.0/5/1/1.0 — 2.0/13/1/72. 1 — 2.0/6/1/1.0

Oy, 2.0/16/2/2.2 — 2.0/8/2/1.7 — — 3.0/12/2/1.1




- 08 -

B30 20204811 A 4535 % 556 8

A3 BLE BB 1A Fe e BB PG AL B
Table 3 Machine start-up time and

unit carbon emission at each stage

mE  ma p(COy)/ (kg - (KW - 1) )
B MR min pigy g R
M, 2.2 1.52 0.50 0.20
M, 1.4 1.75 0.40 0.15
M, 3.1 1.55 0.35 0.10
M, 1.5 1.68 0.42 0.15
M 2.3 1.72 0.36 0.10
M 1.6 1.45 0.25 0.10
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Table 4  The result of example running

KRGS Cpu/min W,/ min E,./ke
1 66.8 266.6 500.214
2 69.2 269.0 479. 194
3 84.5 277.0 467. 154
4 70.6 270.6 485.204
5 74.5 272.0 476.114
6 69.2 265.2 506. 194
7 78.5 270.0 479. 064
8 80.2 268.6 482. 694
9 81.5 271.6 481.954
10 78.5 270.0 479.041
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