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Abstract

Purpose: This study aims to comprehensively analyze efficiency in oil industries, mainly petrochemical industries, using
Data Envelopment Analysis (DEA) models in network structures. The DEA method is one of the most well-known methods
for measuring the relative efficiency of decision-making units, which operates based on comparing the ratio of inputs to
outputs. In recent years, with the development of these models, it has become possible to examine efficiency in more
complex structures such as intra-organizational networks and supply chains. In the meantime, the petrochemical industry, as
a vital part of the oil industry, seriously needs accurate performance evaluation systems, especially in dynamic production
and market environments.

Methodology: This research has analyzed the supply chain and production process of a petrochemical company in detail.
First, using library studies, interviews with experts, and field visits, the production process and supply chain structure were
identified, and indicators related to inputs, outputs, and intermediate activities were extracted. Then, DEA models were
formulated using the network structure of the production process, and two multiplicative and envelopment approaches were
used to evaluate efficiency.

Findings: The analyses focused on data from 2016 to 2019, and the assessments were conducted at two levels: 1) cumulative
efficiency of the chain, and 2) the efficiency of each of the operational units. The results show that the network DEA model
can provide a comprehensive view of the overall performance of the system as well as the performance of its internal
components so that managers can accurately identify the system's weaknesses and strengths and make more optimal decisions
to improve performance.

Originality /Value: By providing a comprehensive efficiency assessment framewotk in complex production structutes, this
research has taken an effective step towards improving productivity and optimal resource management in the oil industry,
especially in the petrochemical industry, and can also be a model for analyzing the performance of other industries with a
network structure.
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Figure 1- Consolidation of organizational departments into a black box.
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Figure 6- Petrochemical process.
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Table 1- Supply chain data on the first floor.

Stage 1
DMUs Inputs Intermediate Output
x11 x12 x13 x14 x15 Z11 Z12 d
OBl Ol Obon pliee sl en s sl L 2Ol Obanole o ) ol anse

. ) Sl sgmmoslas axlyanse . ) Oeken Olsee
(05 ,152) (05 ,152) (5 )l (&9 )l52) OYs ,l50
1 620 325 64 4480 82 117 387 333650
2 540 280 73 5110 75 120 260 322500
3 720 460 123 8610 200 240 530 307500
4 120 1000 38 2660 122 147 650 81000
5 650 390 96 6720 135 170 290 43500
6 750 450 84 5880 180 260 370 427500
7 910 650 101 7070 215 370 440 562500
8 720 480 84 5880 190 320 280 450000
9 420 225 34 3480 132 217 387 433650
10 340 580 83 6110 95 320 460 622500
11 340 360 73 1610 100 140 130 207500
12 160 900 154 8660 202 127 750 61000
13 450 190 56 8720 235 270 390 83500
14 820 850 74 2880 120 160 870 327500
15 820 350 91 2070 195 470 940 862500
16 900 880 64 8880 290 120 580 750000
17 270 625 104 7480 172 470 790 733650
18 820 580 118 9110 175 460 270 522500
19 470 825 94 6480 182 570 940 807500
20 520 280 88 6110 145 120 880 765490
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Table 2- Supply chain data at the second and third levels.

Stage 2 Stage 3
DMUs input intermediate Inputs Output
X2 X2 y y X3 X3 x3 d
Sl 595 215 Ol e . L O O Ol

a>lg ai ;e Sl (59525 Slaas axlg anze
P ) (5,15 (5,132 (5,1
1 47 3456 317 182 42 447 4536 143
2 53 3786 360 175 35 472 6543 120
3 68 4327 550 200 35 620 5674 135
4 34 5367 180 122 17 197 5413 137
5 57 4298 325 135 24 397 7654 105
6 48 3987 450 180 36 497 5672 142
7 65 4871 595 215 52 710 6437 187
8 75 5001 380 190 40 464 9254 175
9 37 5456 417 192 62 447 4536 153
10 73 2786 560 165 25 272 5543 160
11 88 8327 250 100 75 720 8674 175
12 74 2367 190 212 47 870 2413 157
13 27 8298 225 235 74 297 9654 125
14 88 9987 650 280 26 497 3672 132
15 16 6871 195 315 82 410 7437 127
16 95 2001 880 290 20 964 2254 195
17 26 9871 217 192 94 897 9654 173
18 95 8001 860 125 86 297 9672 190
19 56 2871 250 220 72 910 8437 185
20 75 4001 380 121 90 264 8254 172
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Table 3- Results table based on the input nature multiplier model.

DMUS sl s2 s3 Overall

Oellasly ol oty gy Jewo g usly 5 ol

DMU1 0.295500 0.668100 0.016600  0.202300
DMU2 0.255500 0.675200 0.009000  0.175400
DMU3 0.153400 0.813700 0.008500  0.126100
DMU4 0.130700 0.468300 0.018400  0.062600
DMUS 0.036200 0.563200 0.006200  0.021200
DMUG6 0.255200 0.914800 0.012200  0.234200
DMU7 0.256000 0.636800 0.007600  0.168800
DMU8 0.311300 0.507500 0.006600  0.168400
DMU9 0.301400 1.000000 0.020200  0.299500
DMU10 0.322100 0.804400 0.011100  0.260200
DMU11 0.226300 0.272600 0.005900  0.066600
DMU12 0.087900 0.272200 0.018700  0.025800
DMU13 0.097300 0.707500 0.010300  0.071000
DMU14 0.146100 0.688500 0.009100  0.101400
DMU15 1.000000 1.000000 0.17700  0.991900
DMU16 0.246700 1.000000 0.018100  0.245400
DMU17 0.909800 0.714100 0.014200  0.653200
DMU18 0.173200 0.881900 0.005400  0.152000
DMU19 1.000000 0.457800 1.574600  0.457000

DMU20 0. 00800 0.239200 0.009800  0.012500




e 1081 g Juloxd 31 08Ul b 15 ol o /1854,

OGS Ll 13355 Ly o 5 53 ey b)) S ALy Tl st I3 V0 a3l S s e e e il a4 ASSL
MJQL:«JLAMé&&))b@’m\ﬁdbgjéﬂ}u)&&blsdﬂjdﬁ sVJS.:: 3'3)

OverallEfficiency and Stage Efficiency (Input
Orientaion)

0.000002
0.000002

0.000001

0.000001

0.000001

0.000001

0.000001

0.000000

| | 0.000000

mEsl
W E.s2

E.s3 “ “
m Overall Effi. |||| U L

O RPN LI O DD
FFFFF IS PO

FTATFFFT T T

il 2 IS 5 0355 JS )5 -V U8
Figure 7- Efficiency of the entire chain and efficiency of each stage.
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Table 4 - Results table based on the multiplicative model of the nature of the output.

DMUS sl s2 s3 Overall

gl ety el dsly O Jews g3 dely S 28
DMU1 0.297053 0.52579 0.000242  0.105361
DMU2 0.257162  0.501555 0.000211  0.091121
DMU3 0.154257  0.554847 0.000208  0.067056
DMU4 0.130305  0.392881 0.000347  0.032143
DMUS5 0.035933  0.398486 0.000241  0.011208
DMU6 0.256226  0.640369 0.000243  0.125873
DMU7 0.257838  0.433388 0.000267  0.089227
DMU8 0.313607  0.380474 0.000283  0.089066
DMU9 0.302115  0.730194 0.000246  0.155698
DMU10  0.324055  0.520806 0.000298 0.13488
DMU11  0.227211  0.190647 0.000538  0.034385
DMU12 0.08791  0.287836 0.000229  0.013317
DMU13  0.097619  0.722543 0.000164  0.038245
DMU14  0.146041 0.492417 0.000146  0.052429
DMU15 1 0.566669 0.00124 0.57501
DMU16  0.248806  0.664761 0.000207  0.127915
DMU17  0.915081  0.654236 0.000275  0.344542
DMU18  0.174679  0.504999 0.000464  0.080118
DMU19 1 0.430626 0.000257  0.228352

DMU20 0.16542 0.54652 0.000245 0.34210
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Figure 8- Efficiency of the entire chain and efficiency of each stage.
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Table 5- Results table based on cumulative efficiency of the input nature multiplier model.

DMUs sl s2 s3  Agregate

ol ooty el piasly o3 Jews go ooty 5 26
DMU1 0.6682 0.2707 0.0545 0.6618
DMU2 0.6561 0.2845 0.0334 0.6485
DMU3 0.2895 0.1452 0.0192 0.2854
DMU4 0.2899 0.0487 0.0840 0.2861
DMU5 0.0563 0.2203 0.0162 0.0553
DMUG6 0.5311 0.3133 0.0273 0.5247
DMU7 0.5825 0.1402 0.0257 0.5742
DMUS8 0.5470 0.2241 0.0210 0.5381
DMU9 1.0000 0.2263 0.0666 0.9884
DMU10 1.0000 0.4836 0.0424 0.9898
DMU11 0.4829 0.0403 0.0418 0.4743
DMU12 0.0995 0.1212 0.0712 0.0982
DMU13 0.1543 0.0975 0.0220 0.1509
DMU14 0.5508 0.0837 0.0487 0.5414
DMU15 1.0000 0.0615 0.0175 0.9822
DMU16 0.9156 0.4185 0.0670 0.9094
DMU17 1.0000 0.0726 0.0213 0.9770
DMU18 0.5324 0.1116 0.0186 0.5218
DMU19 1.0000 0.2100 0.0234 0.9846
DMU20 1.0000 0.2370 0.0254 0.9854

DMU2

DMU1
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Figure 9- Cumulative efficiency of the chain and efficiency of each stage.
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Table 6- Results table based on cumulative efficiency of the input nature multiplier model.

DMUs sl s2 s3  Aggregate

orillasly  wlpiasly 3 Jewo gously 5 216
DMU1 0.297053 0.668047 0.082275  0.125521
DMU2 0.257162 0.675037 0.051482 0.10824
DMU3 0.154257 0.813736 0.067213  0.073573
DMU4 0.130305 0.46834 0.293703  0.043523
DMUS5 0.035933 0.563095 0.280041 0.014176
DMU6 0.256226 0.914829 0.052005  0.131082
DMU7 0.257838 0.636699 0.044825  0.108016
DMU8 0.313607 0.507331 0.039077 0.116572
DMU9 0.302115 1 0.067347 0.155674
DMU10  0.324055 0.804505 0.042791 0.14906
DMU11  0.227211 0.272361 0.088062 0.053503
DMU12 0.08791 0.272087 0.724795  0.020727
DMU13  0.097619 0.706864 0.14569 0.04436
DMU14  0.146041 0.688326 0.090032 0.061836
DMU15 1 1 0.017858  0.574317
DMU16  0.248806 1 0.073677 0.127894
DMU17  0.915081 0.6943 0.021754  0.402804
DMU18  0.174679 0.881834 0.035708  0.084963
DMU19 1 0.458064 0.023763  0.312764
DMU20 1 0.438001 0.024341 0.321823
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Figure 10- Cumulative efficiency and efficiency of each stage.
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