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The gas production operation in the gas refinery, in addition to creating
special and ordinary wastes, also leads to the production of industrial
wastes. Failure to properly manage special waste in such refineries will
cause environmental hazards and threaten the workforce’s health. This
research aimed to identify, differentiate and prioritize industrial wastes in
this refinery to eliminate or reduce environmental risks. After collecting
waste information, 19 cases of industrial waste were identified in process
units and facilities. Then the data was analyzed through documentation,
expert theory, and Delphi method, and according to the importance of the
multi-criteria decision-making method for ranking and waste management,
TOPSIS method was used for prioritization. The findings showed waste
Sulfur with an amount of 86%, has the highest priority of relative proximity
to high-risk waste, and mixed laboratory containers, with an amount of
20%, have the least priority of relative proximity to low-risk waste among
industrial wastes. Also, based on the percentage distance of the relative
closeness of the residues to each other, 5 groups (about 26%) are at the high
level, 6 groups (about 32%) are at the medium level and 8 groups (about
42%) are at the low level of industrial wastes were placed.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction
Choosing and applying

the best

distinct management; industrial wastes can be
very diverse depending on the type of production

waste and process of industrial units. The operation of

management method in many parts of the world
in order to reduce environmental, economic, and
social effects, which are called components of
sustainable  development, has  particular
importance. Considering that the management of
industrial wastes is very different from the
management of urban wastes due to the
difference in their type and quality, therefore, the
control of industrial wastes requires separate and
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gas production in the ninth refinery of South Pars
Gas Complex (SPGC), in addition to creating
special and ordinary wastes, also leads to the
production of industrial wastes, which, due to the
lack of proper management, threatens the
environment and the health of the workforce.

The purpose of this research was to investigate
the prioritization and management of industrial
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waste in this gas refinery, which leads to the
reduction of HSE costs and the elimination of
environmental risks. For the best waste
management method, the use of TOPSIS method
was applied as a multi-indicator decision.

Material and Methods

In order to prioritize waste management, several
characteristics of them should be examined.
Multi-criteria decision-making makes it possible
for different wastes to be prioritized according to
multiple characteristics and criteria. The
multiplicity and variability of refinery wastes are
one of the problems in using multi-criteria
decision-making methods. And on the other
hand, the reliability of using a suitable multi-
criteria decision-making tool in order to choose
the best waste management scenario Therefore,
multi-criteria  decision-making tools enable
decision-makers to make informed decisions and
achieve optimal results. Thus, by using a multi-
indicator decision-making tool such as TOPSIS,
it can be used to prioritize and compare different
options and choose the best option. In this
research, due to the need for more data for the
output of desirable and more concrete results, the
oth refinery of South Pars Gas Complex was
chosen as the place under study due to the small
amount and greater variety of wastes.

In this study, after collecting waste information,
19 cases of industrial waste were identified in
process units and facilities. Then the data were
analyzed through documentation, expert theory,
and the Delphi method, and due to the
importance of the multi-criteria decision-making
method for ranking as well as waste
management, the TOPSIS method was used for
prioritization,  which  according to the
arrangement, the main waste elements codes A1
to A19 were determined. Then, items including
costs, production volume, and separation of
waste, environmental effects, and aspects and
storage were also used, which were suggested as
14 primary indicators. After reviewing the
literature, an expert panel was formed, including
a group of experts (A group consisting of
engineering, technical inspection, environment,
and repair units (manufacturer of refinery waste)
who were fully aware of the quantitative and
qualitative status of production waste in all
process units, facilities, and buildings of the
refinery) and a methodology was selected with
scrutiny, analysis and using the Delphi method.
Finally, the 14 initial proposed indicators to 5
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indicators (waste management cost in millions of
Rials, production rate waste per month in kg,
effect intensity environmental by area level,
capability recycling in month as a percentage,
shelf-life waste) were restricted and ultimately
approved in 4 rounds of Delphi. Next, using the
qualitative evaluation model and the defined
range of indicators, and using the opinion of
experts, the indicators were quantified and
entered for scoring (from C1 to Cs) and scaling.
Then, to prioritize the wastes, the relative
proximity to the ideal value was sorted from the
highest amount of hazardous waste to the lowest
amount of low-risk waste, which it is stemming
from the -calculations such as index score,
Shannon entropy, unbalanced matrix and
intermediate calculations of the TOPSIS model
(these calculations were performed in excel
environment as well as due to the large volume,
only the main results were given). In this study,
waste sulfur is located as the first priority with
86% relative proximity, cake amine with 80%
relative proximity to waste sulfur in the second
order, as well as plastic containers and barrels of
various paints, oils and greases, and Plastic
containers for hazardous chemicals are next in
line. Finally, waste sulfur with 86% relative
proximity indicates the highest priority of
relative proximity to high-risk wastes, and mixed
laboratory  containers with 20% relative
proximity determine the lowest priority of
relative proximity to low-risk wastes. The
consideration of the relative proximity of the
wastes to each other (based on percentage) and to
the maximum ideal amount (waste sulfur) as well
as the minimum ideal amount (mixed laboratory
utensils), the wastes are used for planning and
use. The wastes were grouped into three levels:
high, intermediate, and low (Table 1).

Results

After identifying and implementing the TOPSIS
method, the main waste elements of the ninth
refinery were prioritized from the highest
hazardous waste to the lowest hazardous
industrial waste, respectively. After studying the
collection of refinery wastes, 19 industrial wastes
were identified, and based on their arrangement,
the main elements of the wastes were identified
in the TOPSIS decision-making matrix.
According to the results, the highest relative
proximity to high-risk wastes belongs to waste
sulfur with 86%, and the lowest relative priority
to low-hazard wastes related to mixed laboratory
containers at 20% is among the industrial wastes
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of the ninth refinery. After examining the
distance between the relative proximity of the
wastes to each other, 5 groups (about 26%) are at
the high level, 6 groups (about 32%) are at the

Table 1 Grouping wastes based on the difference

medium level, and 8 groups (about 42%) are at
the low level of the industrial waste of the ninth
refinery.

in the value of relative proximity to each other

Grouping Waste Waste Waste in Number  Code number of the main Waste
relative row level each level of elements in each level
proximity (%) groups

values (%)

51-100 1-5 High 26 5 A7¢A18<A10¢A11¢As

41-50 6-11 Intermediate 32 6 AscA3cA17¢A6cA13¢A2

1-40 12-19 low 42 8 A19¢A15¢A14¢As¢A12 <A9g <A16¢Al
Conclusions Acknowledgment

Industrial waste control requires separate and
distinct management, so using the TOPSIS
method, the industrial waste of the ninth refinery
of the South Pars Gas Complex was prioritized.
According to the prioritization and grouping of
waste in three levels, in addition to planning
based on the principle of cost-benefit regarding
waste, reducing and controlling their type and
volume can be done by using management
strategies and informed decisions.
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2021)
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SL The main elements Elementscode C; C, Cz; Cs Cs
number
1 Mixed laboratory utensils Az 3 1 3 1 9
2 Fiberglass insulation waste A 5 3 5 5 7
3 Metal and graphite tubes and gaskets Az 1 9 1 5 7
4 Molecular, activated carbon, activated alumina A4 3 9 3 5 9
5 Metal barrels related to a variety of chemicals As 3 5 3 5 3
6  Metal cuts and parts, cutting wastes, defective gauges As 1 7 3 5 7
7 Waste sulfur A7 9 9 7 9 9
8  Types of resins made of polymeric materials As 5 5 5 5 3
9  All kinds of plastic pallets, ggomembrane waste and pvc Ag 1 1 5 5 7
10  Plastic containers and barrels related to a variety of Ao 7 7 7 5 3
chemicals, paints, oils and greases
11 Plastic containers and barrels related to hazardous chemical Al 9 1 9 5 9
12 Gaskets, Oerings, rubber, polymer belts other than pvc A1 5 3 3 5 9
13 Types of air filters made of cellulose or polymeric materials A3 9 1 3 5 9
other than pvc
14 All kinds of wooden pallets, boards and wood waste A1 3 7 1 5 3
15 All kinds of filters for oil, gas, fuel or chemicals made of Ais 7 3 3 5 9
cellulosic, polymeric materials
16 Cover all kinds of wires and cables Ass 3 1 3 5 9
17 Sand blast operation waste A7 5 5 3 5 9
18 Cake Amen Ais 7 7 9 5 9
19 Empty fire extinguishers, storage of nhon-hazardous A1 3 7 1 5 9

chemicals, refrigeration capsules
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Table 2 Proposed indicators of decision matrix

SL Indicator

Collection and separation costs
Intensity of environmental impact
Waste management costs
Sustainability of environmental impact
The degree of separation in place
Environmental aspects

Store in a standard warehouse
Waste disposal costs

transport cost

production rate

Collection time

Existence of separation containers
Recyclability

Waste volume
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Table 3 Quantification of indicators based on defined intervals

Indicators Range of indicators

Waste 50>X 70>x>50 90 >x >70 100>x>90 x>100
management cost
(x) in millions of

Rials
production rate 100>y 500>y >100 1000>y>500  5000>y>1000 y>5000
Waste per
month (y) In kg
effect intensity 1 m? Waste generation Ninth refinery Range Site Two  Region
Environmental range area South
by area level Pars
Capability z>70% 70% >z > 50% 50% >z >30% 30%>z>10% z<10%
Recycling in
month (z) as a
percentage
shelf life 1 week > f>1day I mon >f> 1 week 3mon >f>1 6mon>f>3mon f>6mon
Waste (f) (Short term) (Short term) mon (Mid term) (Long
(Mid term) time)
A qualitative Very low low medium Much Very
criterion much
Equivalent to a 1 3 5 7 9
little
@5 ok 3B geizme o o8Vl sato wilewy saniuglsl ¥ Jgox
Table 4 Prioritization of industrial waste of the ninth refinery of South Pars Gas Complex
SL The main elements Elements ~ The amount of relative
code closeness from highest
number to lowest
1 Waste sulfur Az 0.863
2 Cake Amen Ais 0.803
3 Plastic containers and barrels related to a variety of chemicals, A1 0.734
paints, oils and greases
4 Plastic containers and barrels related to hazardous chemicals A1 0.557
5 Molecular, activated carbon, activated alumina As 0.530
6 Types of resins made of polymeric materials As 0.496
7 Metal and graphite tubes and gaskets As 0.446
8 Sandblast operation waste A1z 0.423
9 Metal cuts and parts, cutting wastes, defective gauges As 0.417
10  Types of air filters made of cellulose or polymeric materials A3 0.413
other than pvc
11  Fiberglass insulation waste Az 0.411
12 Empty fire extinguishers, storage of non-hazardous chemicals, Aig 0.407
refrigeration capsules
13 All kinds of filters for oil, gas, fuel or chemicals made of Ais 0.406
cellulosic, polymeric materials
14 All kinds of wooden pallets, boards and wood waste Ass 0.401
15  Metal barrels related to a variety of chemicals As 0.357
16  Gaskets, Oerings, rubber, polymer belts other than pvc A1 0.334
17 All kinds of plastic pallets, geomembrane waste and pvc Ag 0.263
18  Couver all kinds of wires and cables Ass 0.206
19  Mixed laboratory utensils A1 0.200
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Sy Wlony S oo 430 ey el ) koo Voe Sl aBS S 0 0l sl elide ,0 wlale jsbay ol oy

1 oae o pasls o5 jlitel ass jo g ol aslys ol 0ebie A sae o] atls o5 Ll a0 wead

Environment and Water Engineering ol (pwdige g S jlame Z@
Vol. 8, No. 4, 2022 V) e F ojlasi h ojgs (VS


bshahmorady@gmail.com
Typewritten text
850


AOY

oo Siloy S pie g Al

ol o Seop polie mbs (V) S5 Luly gl o
W oo slas |y Jloay) w5 o iSle polie 4 Lol
0585 3l fas (gxyaeby g ganlaglgl ulul (pl oS
(Sedl glaaSay g Bgyb el SIS (Slals
e (S Lo a4y Jld Glagn,S g g ) Y9Slge

g o 35 peie (oo (SU355

1.0000
0.9000
0.8000
0.7000
0.6000
0.5000
0.4000
0.3000
0.2000
0.1000
0.0000

Numbers of ideal values

Al A3 A5 A7 A9 Al11A13 Al15A17A19
The main elements of wastes

sdlie &y (ol jolie (o (a5 polie @bs Y S

Jlos] ponive 5 pou 35k
Fig. 2 Results of the relative proximity of the values
of the main elements to the maximum and minimum
values of the ideal
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Table 5 Grouping wastes based on the difference in the value of relative proximity to each other

Grouping Waste Waste level waste  Number Code number of the main Waste
relative row in each of elements in each level
proximity level groups
values (%) (%)
51-100 1-5 High A7.A18.A10A11.A4
41-50 6-11 Intermediate AsA3A17.A6A13.A2
1-40 12-19 low 8 A1.A15.A14A5.A12 A9 A16A1

irio Slowsy ol paie VA 1Y sl oYL ol o
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