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As power consumption increases, more power utilities are required to satisfy the demand and consequently results in tremendous

cost to build the utilities. Another issue in construction of power utilities to meet the peak demand is an inefficiency caused

by surplus power during non-peak time. Therefore, most power company considers power demand management with time-based

electricity rate policy which applies different rate over time. This paper considers an optimal machine operation problem under

the time-based electricity rates. In TOC (Theory of Constraints), the production capacities of all machines are limited to one

of the bottleneck machine to minimize the WIP (work in process). In the situation, other machines except the bottleneck are

able to stop their operations without any throughput loss of the whole manufacturing line for saving power utility cost. To consider

this problem three integer programming models are introduced. The three models include (1) line shutdown, (2) block shutdown,

and (3) individual machine shutdown. We demonstrate the effectiveness of the proposed IP models through diverse experiments,

by comparing with a TOC-based machine operation planning considered as a current model.
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<Figure 1> Annual Maximum Power, Backup Power and
Power Reserve Rate[10]
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<Table 1> Production Capacities of Machines

<Table 3> Utility Cost and Inventory with TOC and Three

Models
Machine 1 2 3 4 5 6 7 8
Capacity 15|14 |16 |10 | 17 | 16 | 15 | 18 Utility Cost Total Inventory
TOC 3384.40(100%) 3360(100%)
<Table 2> Utility Cost Over Time LSM 2969.04(87.27%) 5894(130.66%)
BSM 2749.04(81.23%) 6396(156.13%)
Time Unit Utility cost IMSM 2699.04(79.75%) 6486(156.60%)
midnight-6am 5
6am-6pm 15 170.00
6pm-midnight 5 160.00
150.00 F
140.00 /
300 / —TOC
_ " . 130.00 \ L
-- -=-s 120.00 / ~ /
—— ™ --c 7 N E ——BSM
- ° —- - 110.00 7 \7 IMSM
© ~ 4 100.00 —
¢ / 90.00
TOC LSM 1234567 8 9101112131415161718192021222324
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<Table 4> 5 Scenarios for Production Capacity

Machine Capacily
CAPA1 | CAPA2 | CAPA3 | CAPA4 | CAPA5
1 16 16 15 15 15
2 15 13 11 11 14
3 18 18 16 16 16
4 10 10 10 10 10
5 17 17 17 17 17
6 15 15 16 16 16
7 11 11 15 13 15
8 16 16 18 18 18
<Table 5> 3 Time-Based Utility Costs
uc1 uc2 UuC3
Midnight-6am 10 5 5
6am-9am 10 15 5
9am-3pm 10 15 25
3pm-6pm 10 15 5
6pm-midnight 10 5 5

<Table 6> Total Costs with Capacity types

CAPA1 | CAPA2 | CAPA3 | CAPA4 | CAPA5

TOC 3430 3454 3430 3454 3384
3335 3372 3318 3362 2969

LSM
©97) | (098) | (0.97) | (097) | (0.88)
3080 | 32215 | 2990 3175 2749

BSM
090) | (093) | (087) | (092) | (0.81)
3007 3104 2888 3037 2699

IMSM
0.88) | (0.90) | (0.84) | (0.88) | (0.80)

4.2. 2 /‘] 2 A 2§

2 239 AFHIIE 93 <Table 5>l
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d AbsEe
205 7t ARggtth Folxl dE g gk 7t
2l 2183 TOC tH] H)-& H]&L <Table 7>3 #&
o} Aol HS7F S55 Al Y 8.&9] Apol7t &
T £ A7 a9 a2 FHd 35%<] d=€HnE 47t
k=N

423 #n] A7) 2m) -

Ao gabael mh su Ae gu] Fdo] weh
gEng 2 Agel it thakd Al 17] L ol

<Table 4>¢] CAPASE, FH|H|& o

<Table 7> Total Costs of Four Models with Three Utility
Cost Distribution

UCt uca2 Uc3
TOC 3390.40 3384.40 3384.40
3250.40 2969.04 2433.59
LSM
(0.96) (0.88) (0.72)
2890.40 2749.04 224248
BSM
(0.85) (0.81) (0.66)
2850.40 2699.04 218137
IMSM
(0.84) (0.80) (0.64)

<Table 8> Total Costs of Four models with Energy Consumption

Patterns
Fixed Variable Mixed
TOC 2080.0 1464.4 3384.4
LSM 1800.0(0.87) 1369.8(0.94) 2969.0(0.88)
BSM 1580.0(0.76) 1369.8(0.94) 2749.0(0.81)
IMSM 1530.0(0.74) 1369.8(0.94) 2699.0(0.8)
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ghel Aohe 2y gt A gAY 34 &
Aol mgolup W 71A Ao BYPANAE M 2
IE Hol= A& & F k. /i 7 Ao &=
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<Table 9> Total Costs with Three Setup Costs

10 20 40
TOC 3304.40 3384.40 3544.40
LSM 2784(0.84) 2969(0.88) 3296(0.93)
BSM 2599(0.79) 2749(0.81) 3049(0.86)
IMSM 2544(0.77) 2699(0.80) 2999(0.85)

<Table 9>+ 7] A A bsE S CAPAS, Al | A
g 082 UC2¥ A% W u&3 TOC v v

—_

W& hehd ol A3HE wH SC7t F7ks) )
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