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Abstract

Purpose: This study aims to evaluate the performance and productivity of Iranian petrochemical companies using the
network Malmquist productivity index. Given the key role of the petrochemical industry in the national economy, accurately
analyzing efficiency and technological changes in this sector is of great importance. Accordingly, this research develops a
network-based model grounded in Data Envelopment Analysis (DEA) to provide a more realistic representation of the
multi-stage performance of petrochemical supply chains.

Methodology: The research employs network DEA models to assess both cumulative and overall efficiencies. The
Malmquist productivity index was utilized as the primary tool for measuring productivity changes during the period 2016—
2019. Data from 20 petrochemical units were analyzed across three consecutive periods (2016-2017, 2017-2018, and 2018—
2019), and efficiency indices were calculated under both input- and output-oriented models.

Findings: The results indicate that most petrochemical units experienced productivity growth during the study period, while
only a few, such as Unit 4, showed regression. Unit 15 achieved the highest improvement among all units. Overall,
productivity enhancement across most units was driven by technological progress and improvements in technical efficiency,
as reflected by Malmquist indices greater than one.

Originality/Value: The originality of this research lies in the development and implementation of a network-based
Malmquist productivity model for evaluating petrochemical supply chains, which considers internal structures and feedback
relationships among sub-processes. The findings provide valuable insights for managers and policymakers to identify
performance gaps, enhance efficiency and productivity, and extend the proposed methodology to other energy-intensive
industries.
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Figure 1- Petrochemical process.
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Figure 2— Malmquist productivity index charts; a. Malmquist productivity index, and b. Malmquist productivity index.
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Table 1- Malmquist productivity index for cumulative efficiency in the nature of output for 2016-2017.

DMUs DIl D22 D21 D12 MPI
Di(t) DWl(t+l) D) Di(t+l]) CamdsSollo asli

DMUI  1.26 1.08 1.47 1 112
DMU2 136 1.01 1.68 1 1.12
DMU3  2.18 1.22 2.25 1.01 .12
DMU4 121 1.75 1.08 1.73 0.95
DMUS  2.57 1.63 2.4 1.33 1.07
DMU6 1.6 1.08 1.75 1.09 1.04
DMU7 155 1.36 1.83 1.06 1.23
DMUS  1.67 1.21 1.73 1 1.12
DMU9  1.01 1.46 111 1.25 .13
DMU10 1 1.01 1 1 1
DMUIl 175 1.42 1.91 1.33 1.08
DMUI2  1.54 2.58 1.55 2.32 1.06
DMUI3  2.03 1.4 2.17 1.14 1.14
DMUI4  1.39 1.13 1.59 1 1.13
DMUI5S  1.01 2.01 1 1.04 1.38
DMU16  1.07 1.01 1.26 1 1.09
DMU17  1.02 1.33 1.07 1.22 1.07
DMUIS  1.51 1 1.7 1 1.06
DMUI9  1.01 2.52 1.14 2.3 111
DMU20  1.01 1.07 1 1 1.03
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Table 2- Malmquist productivity index for cumulative efficiency in the nature of output for 2017-2018.

DMUs D11 D22 D21 D12 MPI
Di(t)  DY(t+1) DW(t) DY(t+l) —SemigSollo asLi

DMUI 125 112 1.34 1 1.03
DMU2 126 1.01 1.38 1.12 1.16
DMU3  2.48 1.12 2.12 1.12 1.12
DMU4 131 1.44 1.43 1.53 0.93
DMU5  2.57 1.54 1.75 1.23 1.17
DMU6 143 1.08 1.45 1.16 112
DMU7 129 1.21 1.73 1.06 1.27
DMUS  1.76 1.12 1.45 1 1.07
DMU9 1.1 1.33 1.13 1.12 118
DMUI10 1 1.01 1 1 1
DMUIl 145 1.42 1.62 1.25 1.14
DMUI2 143 1.68 1.59 2.74 1.14
DMUI3 176 1.34 227 1.23 1.23
DMUI4  1.39 113 1387 1.43 1.11
DMUI15 1 1.56 1 1.04 1.46
DMU16 123 1.23 1.76 1 1.13
DMUI7  1.07 1.23 1.07 1.05 1.09
DMUIS  1.54 1 1.23 1 1.03
DMUI9 1.9 1.65 1.45 1.14 1.17
DMU20 1.1 1.18 1 1 1.21
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Figure 3— Malmgqvist productivity index graphs for 2017-2018.
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Table 3- Malmquist productivity index for cumulative efficiency in the nature of output for 2018-2019.

DMUs D11 D22 D21 D12 MPI
D'(t) DHl(t+1) DY) Dit+1) Cnnsd 600 5L

DMU1 1.36 1.12 1.32 1 1.23
DMU2 1.36 1.04 1.54 1 1.14
DMU3 1.68 1.12 1.65 1.01 1.16
DMU4 1.11 1.45 1.12 1.32 0.97
DMUS 1.87 153 2.12 1.24 1.17
DMU6 1.54 1.18 1.34 1.09 1.24
DMU7 1.45 1.26 1.56 1.06 1.43
DMUS8 1.57 1.11 1.54 1 1.19
DMU9 1.13 1.35 1.11 1.12 1.03
DMU10 1.03 1.01 1 1 1.09
DMUI11 1.45 1.32 1.61 1.23 1.18
DMU12 1.86 243 1.54 76 1.01
DMUI13 1.78 1.33 1.32 1.14 1.04
DMU14 1.23 1.21 1.22 1 1.23
DMU15 1.12 1.65 1 1.04 1.57
DMU16 1 1.01 1.15 1 1.16
DMU17 1.12 1.18 1.07 1.12 1.11
DMU18 1.31 1 1.37 1 1.03
DMU19 1.08 2.09 1.09 1.76 1.19
DMU20 1.06 1.12 1 1 1.05
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Figure 4— Malmgqvist Productivity Index graphs for 2018-2019.
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Figure 5— Malmqvist Productivity Index graphs for 2017-2019.
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Figure 6— Malmgqvist productivity index graphs for 2017-2019 for units one to four.
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Figure 7- Malmqyvist productivity index graphs for the years 2017-2019 for units five to eight.

ﬂj%ﬁbﬁb&&&bx:w :fjbﬁ:wo)wb‘})éogj Sl :}@AWGWJV.&.& ‘ﬁ%éubb):@&
S s 1y A JSKE sl e o JBle 0593 4 S V=35 sladlu b il oS (Gl

172
11

09

=8=DNMU9

12
115
11
105
1

=8=DNMU11

DMU9
1/18

1/13

1/03

1 2 3
1/13 118 1/03
DMU11

1/18
1/14
l,fOS/’/

1 2 3
1/08 1/14 1/18

11
1/05

0195
0/9

=o==DMU10

12
11

1
0/9

=g==DMU12

DMU10
1/09

1 2 3
1 1 1/09
DMU12
1/14

1 2 3

1/06 1/14 1/01

.oa)'|5.> Ga Lgl.bb‘g ‘sb.) AA-47 LngJLm LS")'.’ C;.....S,S.Jla o904 ua?L.is ‘SLb)b,.os -A Ji.‘h
Figure 8— Malmgqvist productivity index graphs for 2017-2019 for units nine to twelve.
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Figure 9- Malmquest productivity index graphs for the years 2017-2019 for units thirteen to sixteen.
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Figure 10- Malmgqvist productivity index graphs for the years 2017-2019 for units seventeen to twenty.
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Table 4- Malmquist productivity index for cumulative efficiency in the nature of input.

DMUs t11 22 t21 t12 MPI
D)  D™'(tH) DY(H) Di(t+]) CemsdgSallo all

DMU1 0.78 0.94 0.78 1 0.97
bMU2  0.73 0.99 0.59 1 0.9
DMU3 0.45 0.96 0.6 1 0.74
DMU4  0.99 0.99 0.9 0.85 1.03
DMUS5 0.52 0.79 0.6 0.69 1.15
DMU6  0.56 0.95 0.46 0.92 0.92
DMU7  0.58 0.64 0.69 0.93 0.9
DMUS 0.56 0.99 0.74 1 1.14
DMU9  0.99 0.95 0.9 1 0.93
DMU10 1 0.99 1 1 1
DMUI11 0.55 0.63 0.5 0.72 0.89
DMU12  0.84 0.59 0.91 0.63 1.01
DMU13 0.38 0.99 0.56 0.83 1.33
DMU14  0.84 0.89 0.54 1 0.75
DMU15 0.99 0.44 1 0.96 0.69
DMU16  0.99 0.99 1 1 1
DMU17  0.98 0.92 0.93 0.87 1
DMU18 0.9 1 0.8 1 0.94
DMU19  0.99 0.65 0.87 0.62 0.97
DMU20  0.99 0.93 1 1 0.97
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Figure 11- Components of the Malmquist Index.
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Table 5- Malmquist productivity index for total efficiency in the nature of output.

DMUs t11 22 21 t12 MPI
DMU1 126 1.08 147 1 1.12
DMu2 1.36 1.01 1.68 1 1.11
DMU3 2,18 122 225 1.01 1.12
DMU4 121 175 1.08 1.73 0.95
DMUS5 257 163 24 1.33  1.07
DMU6 1.6 1.08 1.75 1.09 1.04
DMU7 1.55 136 1.83 1.06 1.23
DMU8 1.67 121 173 1 1.12
DMU9 1.01 146 1.11 125 1.13
DMU10 1 1.01 1 1 1

DMUI1 1.75 142 191 133 1.08
DMU12 1.54 258 155 232 1.06
DMU13 2.03 14 217 1.14 1.14
DMU14 139 1.13 159 1 1.13
DMU15 1.01 2.01 1 1.04 1.38
DMUl6 1.07 1.01 126 1 1.09
DMU17 1.02 133 1.07 122 1.07
DMU18 1.51 1 1.7 1 1.06
DMU19 1.01 252 1.14 23 1.11
DMU20 1.01 1.07 1 1 1.03
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Figure 12- Components of the Malmquist Index.
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Table 6- Malmquist productivity index for total efficiency in the nature of input.

DMUs t11 22 21 t12 MPI
DMU1 086 094 0.78 1 0.92
DMU2 073 099 059 1 0.9
DMU3 0.13 09 0 1 0.16
DMU4 099 099 1 0.85 1.09
DMUS5 052 079 0.14 0.69 0.55
DMU6 0.71 095 046 092 0.82
DMU7 058 0.64 0 1 0.06
DMU8 0.56 099 074 1 1.14
DMU9 099 095 0.9 1 0.93
DMU10 1 099 1 1 1
DMUI1 055 063 05 072 0.8
DMU12 0.84 0.59 091 0.16 1.99
DMU13 038 099 056 083 1.33
DMU14 084 0.89 054 1 0.75
DMU15 099 044 1 096 0.68
DMU16 099 099 1 1 1
DMU17 098 092 093 0.87 1
DMU18 0.9 1 0.8 1 0.94
DMU19 099 065 087 0.62 097
DMU20 0.99 093 1 1 0.97
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Figure 13- Components of the Malmquist Index.
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