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Table A1. Purchasing cost, capacity of the supplier, capacity, production cost and refurbishing cost at the manufacturing plants
	
	Plant 1
(in $)
	Plant 2
(in $)
	Plant 3
(in $)
	Plant 4
(in $)
	Plant 5
(in $)
	Capacity of Supplier s
(units)

	Supplier 1
	641.44
	681.76
	600.48
	630.53
	779.82
	7,109

	Supplier 2
	665.21
	732.57
	738.94
	705.64
	661.26
	6,902

	Supplier 3
	628.10
	739.76
	641.86
	672.87
	744.17
	6,648

	Supplier 4
	754.94
	720.44
	638.08
	785.39
	645.79
	6,578

	Supplier 5
	776.99
	741.40
	609.47
	667.06
	736.06
	7,928

	Supplier 6
	746.90
	729.03
	745.88
	772.02
	610.99
	6,521

	Supplier 7
	661.78
	693.78
	730.22
	724.84
	637.50
	8,631

	Supplier 8
	751.11
	644.22
	607.53
	735.64
	761.10
	6,133

	Supplier 9
	617.13
	775.10
	730.73
	758.62
	636.65
	6,382

	Supplier 10
	709.57
	600.83
	638.03
	622.35
	667.88
	5,359

	Supplier 11
	650.89
	630.15
	624.66
	736.92
	648.93
	7,481

	Supplier 12
	735.11
	668.13
	663.05
	701.39
	766.96
	7,371

	Supplier 13
	692.06
	783.65
	657.47
	659.26
	753.25
	6,857

	Supplier 14
	704.68
	755.32
	799.20
	707.93
	653.19
	9,544

	Supplier 15
	763.66
	609.62
	712.11
	605.30
	647.02
	9,269

	Supplier 16
	645.01
	740.96
	730.68
	797.34
	669.28
	8,800

	Supplier 17
	634.33
	720.97
	685.52
	666.35
	799.43
	7,921

	Supplier 18
	732.19
	797.10
	657.26
	763.89
	782.48
	5,921

	Supplier 19
	747.67
	608.67
	618.30
	649.16
	766.82
	5,079

	Supplier 20
	656.80
	773.07
	640.84
	633.55
	715.39
	9,025

	Production cost -
plant m (in $)
	27.87
	31.86
	26.03
	33.18
	26.86
	

	Refurbishing cost –plant m (in $)
	6.95
	7.61
	6.62
	7.80
	7.17
	

	Capacity of plant m
(units)
	15,430
	23,295
	16,381
	18,922
	23,583
	


















Table A2. Capacity and fixed cost of warehouses
	
	Size 1
	Size 2
	Size 3

	
	Capacity
(units)
	Fixed cost
(in $)
	Capacity
(units)
	Fixed cost
(in $)
	Capacity
(units)
	Fixed cost
(in $)

	Warehouse 1
	9,927
	415,379
	14,108
	485,024
	21,159
	602,485

	Warehouse 2
	10,189
	419,745
	15,071
	501,072
	19,101
	568,214

	Warehouse 3
	9,111
	401,781
	16,999
	533,186
	20,208
	586,648

	Warehouse 4
	8,259
	387,590
	16,147
	519,002
	21,062
	600,878

	Warehouse 5
	7,338
	372,253
	16,650
	527,372
	18,516
	558,459

	Warehouse 6
	6,551
	359,148
	17,748
	545,677
	18,610
	560,024

	Warehouse 7
	11,429
	440,403
	16,342
	522,251
	18,049
	550,683

	Warehouse 8
	11,905
	448,339
	17,123
	535,253
	19,397
	573,142

	Warehouse 9
	8,528
	392,081
	17,437
	540,491
	20,912
	598,379

	Warehouse 10
	9,414
	406,834
	12,146
	452,351
	18,984
	566,264

	Warehouse 11
	10,872
	431,128
	16,382
	522,916
	22,186
	619,599

	Warehouse 12
	6,434
	357,184
	15,361
	505,906
	23,119
	635,151

	Warehouse 13
	7,176
	369,558
	13,283
	471,290
	23,461
	640,838

	Warehouse 14
	11,765
	445,996
	14,413
	490,108
	22,130
	618,672

	Warehouse 15
	7,880
	381,276
	12,422
	456,948
	19,374
	572,760

	Warehouse 16
	11,280
	437,919
	16,099
	518,195
	23,635
	643,737




Table A3. Capacity and fixed cost of hybrid facilities
	
	Size 1
	Size 2
	Size 3

	
	Capacity
(units)
	Fixed cost
(in $)
	Capacity
(units)
	Fixed cost
(in $)
	Capacity
(units)
	Fixed cost
(in $)

	Hybrid 1
	14,431
	535,055
	19,821
	604,168
	25,705
	679,620

	Hybrid 2
	15,483
	548,545
	22,142
	633,930
	24,469
	663,762

	Hybrid 3
	15,212
	545,063
	21,371
	624,042
	29,541
	728,810

	Hybrid 4
	12,053
	504,564
	21,501
	625,711
	29,035
	722,321

	Hybrid 5
	8,106
	453,949
	16,957
	567,441
	29,401
	727,003

	Hybrid 6
	10,912
	489,933
	15,642
	550,575
	25,261
	673,919

	Hybrid 7
	10,877
	489,485
	21,015
	619,481
	26,553
	690,486

	Hybrid 8
	12,208
	506,550
	19,956
	605,895
	26,477
	689,520

	Hybrid 9
	11,374
	495,855
	23,277
	648,485
	28,849
	719,929




Table A4. Capacity and fixed cost of recovery centers
	
	Recovery center 1
	Recovery center 2
	Recovery center 3
	Recovery center 4
	Recovery center 5

	Capacity (units)
	2,879
	5,084
	3,163
	4,943
	3,925

	Fixed cost (in $)
	480,177
	541,555
	488,090
	537,654
	509,293




Table A5. Square foot and energy usage at the recovery centers
	
	Recovery center 1
	Recovery center 2
	Recovery center 3
	Recovery center 4
	Recovery center 5

	Square foot
	6,402
	7,220
	6,507
	7,168
	6,790

	Energy usage (in kBtu)
	242,305
	274,248
	390,213
	257,461
	324,098



Table A6. Square foot and energy usage at the warehouses
	
	Size 1
	Size 2
	Size 3

	
	Square foot
	Energy usage
(in kBtu)
	Square foot
	Energy usage
(in kBtu)
	Square foot
	Energy usage
(in kBtu)

	Warehouse 1
	5,538
	215,777
	6,466
	379,272
	8,033
	419,296

	Warehouse 2
	5,596
	344,635
	6,680
	261,445
	7,576
	422,207

	Warehouse 3
	5,357
	178,968
	7,109
	443,189
	7,821
	400,391

	Warehouse 4
	5,167
	314,013
	6,920
	285,632
	8,011
	346,457

	Warehouse 5
	4,963
	181,407
	7,031
	313,430
	7,446
	347,031

	Warehouse 6
	4,788
	160,828
	7,275
	249,494
	7,466
	273,547

	Warehouse 7
	5,872
	268,769
	6,963
	370,119
	7,342
	246,184

	Warehouse 8
	5,977
	299,451
	7,136
	277,492
	7,641
	317,969

	Warehouse 9
	5,227
	227,259
	7,206
	256,340
	7,978
	295,932

	Warehouse 10
	5,424
	214,510
	6,031
	263,170
	7,550
	384,886

	Warehouse 11
	5,748
	203,576
	6,972
	318,288
	8,261
	503,890

	Warehouse 12
	4,762
	240,060
	6,745
	232,677
	8,468
	373,405

	Warehouse 13
	4,927
	286,270
	6,283
	276,086
	8,544
	401,002

	Warehouse 14
	5,946
	237,905
	6,534
	258,283
	8,248
	446,204

	Warehouse 15
	5,083
	263,741
	6,092
	369,369
	7,636
	271,710

	Warehouse 16
	5,838
	239,788
	6,909
	437,774
	8,583
	297,503



Table A7. Square foot and energy usage at the hybrid facilities
	
	Size 1
	Size 2
	Size 3

	
	Square foot
	Energy usage 
(in kBtu)
	Square foot
	Energy usage
(in kBtu)
	Square foot
	Energy usage
(in kBtu)

	Hybrid 1
	7,134
	338,373
	8,055
	370,150
	9,061
	368,781

	Hybrid 2
	7,313
	369,520
	8,452
	450,298
	8,850
	557,175

	Hybrid 3
	7,267
	289,272
	8,320
	417,118
	9,717
	555,445

	Hybrid 4
	6,727
	390,387
	8,342
	375,902
	9,630
	521,355

	Hybrid 5
	6,052
	268,720
	7,565
	351,328
	9,693
	327,957

	Hybrid 6
	6,532
	241,146
	7,341
	371,931
	8,985
	445,351

	Hybrid 7
	6,526
	259,353
	8,259
	416,970
	9,206
	549,877

	Hybrid 8
	6,754
	269,988
	8,078
	345,213
	9,193
	391,512

	Hybrid 9
	6,611
	352,918
	8,646
	494,414
	9,599
	340,004



OPTIMAL NETWORK DESIGN WITH THE PROFIT MAXIMIZATION OBJECTIVE
The optimal network design with the profit maximization objective is as follows: 
· Suppliers 1, 3, 4, 5, 6, 7, 8, 9, and 10 are selected to supply raw materials to the plants for producing new products.
· Plants 1, 2, 3, and 5 are used in new product production and plants 1, 4 and 5 are used for refurbishing the return products. Table A8 shows the product flows, and production of new and refurbished products in the plants. 
Table A8. Product flows, production and refurbishing in the plants 
	

	Production and forward channel flow
	Return channel flow (units)

	
	New products
(units)
	Refurbished products
(units)
	

	Plant1
	11,460
	3970
	3,970

	Plant2
	1,150
	0
	0

	Plant3
	16,381
	0
	0

	Plant4
	0
	3,485
	3,485

	Plant5
	15,589
	7,995
	7,995


· Warehouses and recovery centers are not used for distribution in the optimal solution.
· Hybrid facilities 2, 6, and 8, each of size 3 (refer to Table A3 for the capacities of the hybrid facilities for size 3), are opened. Table A9 shows the products flows and capacity utilization in the hybrid facilities. 
Table A9. Product flows and capacity utilization in the hybrid facilities
	Hybrid facility {capacity in units}
	Forward channel flow(units),
{% out of total flow}
	Return channel flow(units),
{% out of total flow}
	% of capacity utilized

	2 {24,469}
	21,493, {87.97 %}
	2,939, {12.03 %}
	99.85 %

	6 {25,261}
	19,866, {78.76 %}
	5,356, {21.24 %}
	99.84 %

	8 {26,477}
	18,671, {72.30 %}
	7,155, {27.70 %}
	97.54 %



The retailers’ demands are satisfied from hybrid facilities 2, 6, and 8 in the forward channel and the returns at the retailers are shipped to hybrid facilities 2, 6, and 8 in the return channel.





