Supplementary File
All data analysed during this study are included in the present article and it is also provided in supplementary information files. The supplementary materials contain the optimal control settings for all four case studies, convergence data, statistical analysis results are as presented in Tables 1-8. MATLAB implementation code can be made available from the corresponding author on reasonable request, subject to institutional approval.

Table 1 Best control variable settings for the transmission loss minimization objective of Case-1 offered by different algorithms 

	Control variables
	RCGA1
	DE1
	BBO1
	ML-PSO

	
 (p.u.)
	1.0927
	1.0915
	1.0987
	1.0934

	
 (p.u.) 
	1.0849
	1.0803
	1.0870
	1.0842

	
 (p.u.) 
	1.0573
	1.0528
	1.0637
	1.0567

	
 (p.u.) 
	1.0595
	1.0642
	1.0722
	1.0703

	
 (p.u.) 
	1.0980
	1.0792
	1.0989
	1.0965

	
 (p.u.) 
	1.0998
	1.0948
	1.0982
	1.0991

	
(MVAR)
	29.46
	29.49
	29.51
	29.54

	
(MVAR)
	09.66
	10.66
	10.04
	09.97

	
 (p.u.)
	0.9942
	1.0633
	1.0349
	1.03336

	
 (p.u.)
	0.9828
	0.9225
	0.9624
	0.9572

	
 (p.u.)
	0.9565
	0.9648
	0.9565
	0.9548

	
 (p.u.)
	0.9417
	0.9580
	0.9499
	0.9443

	
(MW)
	6.4638
	6.4516
	6.3672
	6.3214

	
 (p.u.)
	1.91622
	1.71145
	1.96196
	1.96536

	(1:Roy et al., 2011[27])




Table 2 Best control variable settings for  minimization objective of Case-1 offered by different algorithms 
	Control variables
	RCGA1
	DE1
	BBO1
	ML-PSO

	
 (p.u.)
	0.9945
	1.0002
	1.0004
	1.0002

	
 (p.u.) 
	0.9919
	1.0597
	1.0210
	1.0321

	
 (p.u.) 
	1.0190
	1.0192
	1.0131
	1.0120

	
 (p.u.) 
	1.0006
	0.9926
	1.0099
	1.0009

	
 (p.u.) 
	1.0399
	0.9934
	1.0354
	1.0326

	
 (p.u.) 
	1.0752
	1.0030
	1.0197
	1.0321

	
(MVAR)
	10.96
	22.66
	14.22
	14.68

	
(MVAR)
	16.68
	17.85
	11.19
	10.86

	
 (p.u.)
	1.0523
	1.0019
	1.0578
	1.0362

	
 (p.u.)
	0.9316
	0.9974
	0.9126
	0.9315

	
 (p.u.)
	1.0601
	0.9357
	0.9625
	0.9484

	
 (p.u.)
	0.9527
	0.9520
	0.9536
	0.9500

	
(MW)
	8.7194
	11.8264
	8.5574
	9.4220

	
 (p.u.)
	0.12719
	0.12688
	0.12415
	0.12302

	(1:Roy et al., 2011[27])



Table 3 Best control variable settings for the transmission loss minimization objective of Case-2 offered different algorithms 
	Control variables
	RCGA1
	DE1
	BBO1
	ML-PSO

	
 (p.u.)
	1.0981
	1.1000
	1.0999
	1.1000

	
 (p.u.) 
	1.0806
	1.0961
	1.0901
	1.0931

	
 (p.u.) 
	1.0539
	1.0661
	1.0652
	1.0548

	
 (p.u.) 
	1.0658
	1.0754
	1.0756
	1.0759

	
 (p.u.) 
	1.0918
	1.0988
	1.0932
	1.0964

	
 (p.u.) 
	1.0998
	1.1000
	1.1000
	1.1000

	
(MVAR)
	24.49
	29.87
	30.00
	29.89

	
(MVAR)
	10.26
	10.00
	10.12
	10.18

	
 (p.u.)
	1.0572
	1.0442
	1.0212
	1.0200

	
 (p.u.)
	0.9000
	0.9523
	0.9835
	0.9904

	
 (p.u.)
	0.9653
	0.9652
	0.9593
	0.9615

	
 (p.u.)
	0.9385
	0.9597
	0.9559
	0.9572

	Xc3–4(p.u.)
	0.016499
	0.05843
	0.00566
	0.00572

	Xc19–20(p.u.)
	0.05290
	0.02962
	0.06409
	0.06421

	
(MW)
	6.4151
	6.3998
	6.3437
	6.2752

	
 (p.u.)
	1.87084
	1.95381
	1.94171
	1.95431

	(1:Roy et al., 2011[27])




Table 4 Best control variable settings for  minimization objective of Case-2 offered by different algorithms
	Control variables
	RCGA1
	DE1
	BBO1
	ML-PSO

	
 (p.u.)
	0.9991
	0.9982
	0.9981
	0.9976

	
 (p.u.) 
	0.9901
	0.9881
	0.9732
	0.9812

	
 (p.u.) 
	1.0178
	1.0149
	1.0163
	1.0132

	
 (p.u.) 
	1.0150
	1.0040
	1.0132
	1.0150

	
 (p.u.) 
	1.0000
	1.0747
	1.0161
	1.0000

	
 (p.u.) 
	1.0634
	1.0552
	1.0722
	1.0654

	
(MVAR)
	10.49
	17.53
	17.33
	17.56

	
(MVAR)
	12.08
	15.64
	17.42
	17.24

	
 (p.u.)
	1.0168
	1.0970
	1.0290
	1.0302

	
 (p.u.)
	0.9038
	0.9587
	0.9659
	0.9581

	
 (p.u.)
	1.0422
	1.0277
	1.0627
	1.0253

	
 (p.u.)
	0.9524
	0.9538
	0.9573
	0.9578

	Xc3–4(p.u.)
	0.01403
	0.00368
	0.00689
	0.0069

	Xc19–20(p.u.)
	0.03341
	0.02234
	0.002373
	0.00347

	
(MW)
	8.7563
	8.6474
	9.5745
	9.8921

	
 (p.u.)
	0.12320
	0.12290
	0.12063
	0.11780

	(1:Roy et al., 2011[27])




Table 5 Best control variable settings for  minimization objective of Case-3 offered different algorithms 
	Control variables
	RCGA1
	DE1
	BBO1
	ML-PSO

	
 (p.u.)
	1.0979
	1.0999
	1.1000
	1.1000

	
 (p.u.) 
	1.0871
	1.0899
	1.0902
	1.0900

	
 (p.u.) 
	1.0621
	1.0785
	1.0656
	1.0716

	
 (p.u.) 
	1.0825
	1.0751
	1.0757
	1.0755

	
 (p.u.) 
	1.0971
	1.0998
	1.0999
	1.0998

	
 (p.u.) 
	1.0994
	1.0999
	1.1000
	1.1000

	
(MVAR)
	28.91
	29.98
	30.00
	30.03

	
(MVAR)
	09.92
	09.99
	10.01
	09.97

	
 (p.u.)
	1.0661
	1.0788
	1.0148
	1.0542

	
 (p.u.)
	0.9179
	0.9064
	0.9938
	0.9954

	
 (p.u.)
	0.9592
	0.9612
	0.9630
	0.9613

	
 (p.u.)
	0.9544
	0.9569
	0.9581
	0.9594

	
(p.u.)
	0.05102
	0.05991
	0.03883
	0.04904

	
(p.u.)
	0.09645
	0.11597
	0.09318
	0.10371

	
(radian)
	0.03340
	0.02984
	0.02841
	0.02768

	
(MW)
	6.3583
	6.3504
	6.2919
	6.2634

	
 (p.u.)
	1.99725
	1.977151
	1.92949
	1.92672

	(1:Roy et al., 2011[27])




Table 6 Best control variable settings for  minimization objective of Case-3offered by different algorithms 

	Control variables
	RCGA1
	DE1
	BBO1
	ML-PSO

	
(p.u.)
	0.9976
	1.0037
	0.9982
	0.9968

	
 (p.u.) 
	0.9743
	0.9725
	0.9643
	0.9603

	
 (p.u.) 
	1.0167
	1.0159
	1.0192
	1.0198

	
 (p.u.) 
	1.0009
	1.0114
	1.0228
	1.0231

	
(p.u.) 
	1.0766
	1.0273
	0.9680
	0.9641

	
(p.u.) 
	1.0732
	1.0645
	1.0903
	1.0900

	
(MVAR)
	27.15
	25.75
	11.01
	11.10

	
(MVAR)
	12.87
	13.46
	12.16
	12.48

	
 (p.u.)
	1.1000
	1.0443
	0.9815
	0.9827

	
 (p.u.)
	0.9939
	0.9898
	0.9089
	0.9000

	
 (p.u.)
	1.0621
	1.0439
	1.0972
	1.0953

	
 (p.u.)
	0.9508
	0.9532
	0.9534
	0.9502

	
 (p.u.)
	0.00136
	0.00706
	0.00448
	0.0052

	
(p.u.)
	0.00484
	0.04335
	0.00310
	0.0023

	
(radian)
	0.02279
	0.09791
	-0.009049
	-0.00907

	
(MW)
	9.2840
	9.5839
	10.6887
	10.7608

	
 (p.u.)
	0.12335
	0.12258
	0.11857
	0.11498

	(1:Roy et al., 2011[27])




Table 7 Best control variable settings for minimization objective of Case-4 offered different algorithms 
	Control variables
	RCGA1
	DE1
	BBO1
	ML-PSO

	
 (p.u.)
	1.0996
	1.1000
	1.1000
	1.1000

	
 (p.u.) 
	1.0893
	1.0889
	1.0903
	1.0900

	
 (p.u.) 
	1.0630
	1.0638
	1.0667
	1.0653

	
 (p.u.) 
	1.0747
	1.0754
	1.0763
	1.0759

	
 (p.u.) 
	1.0981
	1.1000
	1.0885
	1.0834

	
 (p.u.) 
	1.0997
	1.0999
	1.1000
	1.1000

	
(MVAR)
	29.86
	29.88
	27.08
	27.02

	
(MVAR)
	10.08
	10.05
	09.99
	09.94

	
 (p.u.)
	1.0319
	1.0091
	1.0908
	1.0912

	
 (p.u.)
	0.9667
	0.9991
	0.9000
	0.9016

	
 (p.u.)
	0.9605
	0.9628
	0.9611
	0.9623

	
 (p.u.)
	0.9557
	0.9570
	0.9577
	0.9570

	
(p.u.)
	0.00469
	0.01676
	0.00484
	0.00492

	
(p.u.)
	0.05201
	0.01234
	0.01615
	0.01637

	
(p.u.)
	0.01814
	0.03854
	0.03648
	0.03728

	
(radian)
	0.02909
	0.02868
	0.02820
	0.02805

	
(radian)
	-0.01848
	-0.01624
	-0.01829
	-0.01834

	
(radian)
	0.00348
	0.00283
	-0.00447
	-0.00452

	
(MW)
	6.3051
	6.3006
	6.2868
	6.2744

	
 (p.u.)
	1.97871
	1.96219
	1.93453
	1.93146

	(1:Roy et al., 2011[27])




Table 8 Best control variable settings for  minimization objective of Case-4 offered by different algorithms  
	Control variables
	RCGA1
	DE1
	BBO1
	ML-PSO

	
 (p.u.)
	1.0067
	0.9993
	0.9982
	0.9980

	
 (p.u.) 
	0.9861
	1.0117
	0.9623
	0.9845

	
 (p.u.) 
	1.0191
	1.0136
	1.0188
	1.0174

	
 (p.u.) 
	1.0168
	1.0061
	1.0176
	1.0183

	
 (p.u.) 
	0.9571
	1.0361
	1.0108
	1.0098

	
 (p.u.) 
	1.0505
	1.0282
	1.0900
	1.0904

	
(MVAR)
	21.22
	27.50
	03.81
	04.41

	
(MVAR)
	17.82
	12.70
	17.30
	17.21

	
 (p.u.)
	0.9708
	1.0577
	1.0216
	1.0238

	
 (p.u.)
	0.9742
	0.9903
	0.9000
	0.9900

	
 (p.u.)
	1.0207
	0.9784
	1.1000
	1.0869

	
 (p.u.)
	0.9575
	0.9538
	0.9569
	0.9534

	
(p.u.)
	0.04548
	0.04155
	0.07996
	0.08326

	
(p.u.)
	0.12569
	0.08370
	0.10476
	0.09883

	
(p.u.)
	0.05420
	0.04518
	0.08333
	0.08534

	
(radian)
	-0.05987
	-0.05472
	-0.065141
	-0.066217

	
(radian)
	-0.01571
	-0.01624
	-0.018255
	-0.018250

	
(radian)
	-0.01357
	-0.01353
	-0.01350
	-0.01356

	
(MW)
	9.4469
	8.8012
	11.2305
	11.0468

	
 (p.u.)
	0.12158
	0.12110
	0.11726
	0.11360

	(1:Roy et al., 2011[27])



Table 9 Sensitivity of ORPD objectives to renewable penetration
	RES penetration (%)
	 (MW)
	TVD (p.u.)
	Optimal range (p.u.)
	Optimal  range (°)

	20%
	3.8922
	0.0613
	[-0.039, 0.016]
	[-3.3, 2.9]

	40%
	3.7544
	0.0579
	[-0.042, 0.013]
	[-4.12, 3.2]

	60%
	3.6825
	0.0542
	[-0.045, 0.011]
	[-4.9, 3.4]

	80% (base case)
	3.6126
	0.0514
	[-0.048, 0.009]
	[-5.2, 3.9]

	100%
	3.5888
	0.0497
	[-0.051, 0.006]
	[-5.6, 4.3]



Table 10 Sensitivity to FACTS devices placement for  minimization objective
	TCSC locations
	TCPS locations
	 (MW)
	% Change from base case

	27, 28, 36 (base case)
	25, 27, 36 (base case)
	3.6126
	NR*

	28, 36, 8-28
	27, 36, 12-15
	3.6422
	+0.81

	27, 36, 8-28
	25, 36, 12-15
	3.6288
	+0.44

	27, 28, 8-28
	25, 27, 12-15
	3.6216
	+0.23

	NR* means not reported in the literature.



Table 11 Post-contingency performance optimized using the MLPSO technique
	Contingency
	 (MW)
	TVD (p.u.)
	Maximum voltage violation (p.u.)

	No contingency
	3.6126
	0.0514
	NR*

	Line 2-5 outage
	3.8543
	0.0688
	1.101 (bus-5)

	Line 27-28 outage
	3.9216
	0.0723
	1.097 (bus-28)

	Windmill at bus 11 outage
	3.7457
	0.0591
	NR*

	Solar PV at bus 8 outage
	3.8013
	0.0617
	NR*

	NR* means not reported in the literature.



Table 12 Parameter sensitivity of the MLPSO method for  minimization
	Parameter variation
	 (MW)
	Convergence iterations
	Success rate (%)

	Population=20
	3.6322
	279
	91%

	Population=40 (base case)
	3.6126
	209
	100%

	Population=60
	3.6159
	194
	100%

	Layers=2
	3.6255
	239
	93%

	Layers=3 (base case)
	3.6126
	209
	100%

	Layers=4
	3.6143
	224
	100%

	=0.4
	3.6220
	229
	95%

	=0.6 (base case)
	3.6126
	209
	100%

	=0.8
	3.6182
	198
	97%




Table 13 Robustness comparison across algorithms (for Case 4)
	Algorithm
	Success rate (%)
	Std. Dev. of  (MW)
	Worst-case  (MW)
	Robustness score

	RCGA
	87%
	0.144
	3.891
	6.1/10

	DE
	91%
	0.120
	3.844
	6.7/10

	BBO
	89%
	0.131
	3.866
	6.4/10

	MLPSO
	100%
	0.097
	3.720
	8.9/10
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