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Abstract

Due to the high potential of petrochemical industry in the creation of environmental impact, environment impact
assessment of the development of petrochemical industry is very important. The aim of this study is to provide and
test a fuzzy model for environmental impact assessment of petrochemical industries as a decision support system
in planning process and the development of petrochemical industry. To test this model, the Lorestan province was
chosen as the study area. In order to assess the impact of petrochemical industry in Lorestan, the combination
of RIAM method and fuzzy theory was used. First, using check lists and holding meetings with experts, the type
of petrochemical industry impacts on environmental factors was determined. Next, the effects of project activities
on environmental factors were scored; the fuzzy scoring was done using defined criteria in MATLAB software.
Environmental components considered in the method used were divided into 4 main factors including physical-
chemical, biological-ecological, social-cultural and economic-functional and 33 sub-factors, assessment of non-
implementation, construction and operation stage was carried out individually. The results show the most important
environmental impacts of petrochemical projects, water and soil pollution, air and noise as well as its socio-
economic consequences. The results showed that the operation in petrochemical industry will create more important
implications than the construction stage, some of them in terms of lack of control and environmental management,

are irreversible and damaging.
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Introduction

Economic and industrial activities, coupled with rapid population
growth, as well as the lack of interest in the efficient use of natural
resources have led to disrupt the ecological balance [1,2]. Inappropriate
land use change, pollution, the destruction of natural resources is
considered as some serious problems of environmental imbalances
around the world [3,4]. These problems indicate the fact that the
world’s natural environment has limited ecological power for human
use in some areas, nature with minimal loss provides the highest
development, and in others, minimum development and manipulate
in it leads to the irreversible effects [5]. Therefore, in order to reduce
these impacts, and achieve appropriate land development, especially
regional development, there is need to taking advantage of the features
and functionality of each part of the country for planning [6,7].
Whatever this plan is based on objective facts and the natural potential,
achieving to pre-determined targets will be more feasible. Moreover,
if the planning of economic development is done without attention to
social, cultural and natural issues, not only will not solve the critical
problems, but also makes them worse [8]. An important issue that
is considered in this research is that, often regional environmental
planning in Iran and many countries is prepared in large areas such
as provinces and large areas of the watershed where are facing with
the intensity or environmental crisis [9]. On the other hand, the
petrochemical industry, as an important source for manufacturing
needs of domestic industries has a special potential and place in the
national economy [10] and due to the potential of this industry in
creation of environmental impacts, environment impact assessment
of the development of petrochemical industry is very important [11].
Environmental impact assessment is one of the acceptable methods
for achieving the goals of sustainable development, and as a planning
tool can identify potential environmental impacts which appear after
implementation of petrochemical projects, and select the logical

options to eliminate and reduce them [12,13]. The most important
feature of environmental impact assessment is to predict the adverse,
negative and destructive effects of environmental loadings. In this way,
stakeholders at different levels of decision-making and executive, find
an unparalleled opportunity to familiar with the negative effects of
desired loadings timely and take appropriate measures to eliminate,
reduce and manage the unintended effects [14]. Prevention of
problems always is less costly than dealing with the issues. Now, there
is no means for environmental impact assessment in petrochemical
industry planning system. Therefore, this study tries to calculate and
determine the most important effects of the activities of petrochemical
industry on environmental factors for the lack of implementation
option and construction and operation in the Lorestan province using
the RIAM method as fuzzy, in the form of suitable software design for
development impact assessment.

Case Study

Lorestan Province is about 28157 km? It is in the west part of Iran
between 46’50 to 50°01” east longitude and 32° 40’ to 34" 23’ northern
latitude (Figure 1). The average height of Lorestan is 2200 m from
sea level. The lowest part of Lorestan is located in plains, 239 m and
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Figure 1: Case study, Lorestan Province.

the highest part of this Province is about 4080 m Oshtoran Kooh
Mountains in Zagros Mountains. This province covers about 1.72%
of total area of Iran by ranking 16" among provinces. Lorestan
Province is limited from north by Hamedan Province, from
northeast by Markazi Province; from east by Esfahan Province, from
southeast by Chahar Mahal va Bakhtiari, from south by Khuzestan
Province, from west by Ilam Province and from northwest side by
Kermanshah Province.

Method
Fuzzy ranking method

In this method to compare two triangular fuzzy numbers of 4
(a,b,c) and B (d,e,f) we change them to two crisp numbers and then we
compare them. The important issue is how to change a fuzzy number
to a crisp one with saving the characteristics. In the following the novel
method is presented.

In this method three possible modes of a triangular fuzzy number
are considered which their presented in the following [14-16].

i) Triangular with no vertical side (a # b # ¢)

First, five vertical a-cuts with equal distances are drawn between a
and b (Figure 2).

b=a) andi=1,2,3,4and5 (1)

xh, =a+i(

Second, the places of each a-cuts to deal with the side ab are
calculated.

yh, = (%) *(xh,—a) andi=1,2,3,4and 5 @)
—a

This work is also would be done for side bc.
c—b

xh, =a+i( ) andi=6,7, 8,9 and 10 3)

yh = (ib)*(xhi —b)+1 andi=6,7,8,9and 10 (4)
.

And also, xh, = b and yh = lare assumed. Finally, the equivalent
weight of the triangular fuzzy number of 4 is

10

W, :Z(xhi *yh)+b (5)
i=1

ii) Triangular with a vertical side (a =b,b <¢)

First, ten vertical a-cuts with equal distances are drawn between a
and c (Figure 3).

xh —a+iE—%) andi=1,2,3,... 10 (6)
! 11

Second, the places of each a-cuts to deal with the side bc are
calculated.

yh, z(;lb)*(Xh" —b)+1 Andi=1,2,3,10 (7)
c_

And also, xh, = a and yh = 1 are assumed. Finally, the equivalent
weight of the triangular fuzzy number of A4 is

10 (8)
W, =Y (xh* yh'*') +a

i=1
iii) Triangular with a vertical side (b=c,q < b)

First, ten vertical a-cuts with equal distances are drawn between a
and c (Figure 4).

xh, =a+i(c—2) andi=1,2,3,... 10 9)

Second, the places of each a-cuts to deal with the side bc are
calculated.

yh,.:(—bl )*(xh, —a) andi=1,2, 3, ... 10 (10)
—a

And also, xh, = b and yh, = lare assumed. Finally, the equivalent
weight of the triangular fuzzy number of J is

10
W, = (xh, * yh**) +b (11)

i=1
By this method the weight of B is also calculated as ;. At end
the ratio of W5 : W are considered as the ratio of two fuzzy numbers
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Figure 4: Triangular with a vertical side (b =c ,a < b).

of 4:B.

It should be mentioned that although ten a-cuts are conducted
here but using more a-cuts leads to more accuracy in calculating the
equivalent crisp amount of a fuzzy number. Moreover, both vertical
and horizontal characteristics of a fuzzy number should be used
together. However, the horizontal intensity have to be more than the
verticals which is the reason of the 0.01 power of yh, in calculating the
W, or W;. The power of 0.01 is gained due to the many trial and error
calculations which led to the highest accuracy (Figure 5).

Fuzzy RIAM method

The rapid impact assessment matrix (RIAM) is a new tool for
execution of an environmental impact assessment [17]. In this study,
we used RTAM method [18] in order to evaluate environmental impacts
of petrochemical industry (Figure 6). This study is an assessment
procedure consists of three steps:

To hold a discussion meeting with experts to determine the effects
on environmental factors using initial checklist,

To determine the components of the rapid matrix including a and
b groups of criteria,

To evaluate using this matrix.

On this basis this matrix was composed of columns, which include
physical-chemical (PC), biological-ecological (BE), cultural-social (CS)
and economic- operational (EO) part in the first column. The most
important detailed activities are described in Table 1.

In the next step, the effects of project activities on environmental
components were scored using defined criteria. However, evaluation
criteria were divided into two groups based on the RIAM method:
1.Criteria that are more important and individually can change the
scores (group A consisting of criteria al and a2); 2. Criteria of relative
importance that are not able to change scores individually (group B
consisting of criteria b1, b2 and b3) (Figure 7).

In this scoring system, scores corresponding to first group are
multiplied by each other, thus; these criteria will weigh more in scoring
and as the scores of the second group are summed together they will
weight lower but they are considered in scoring yet. Both scores are
multiplied together to determine the final environmental assessment
score or ES. The scoring formula is as follow [18]:

(al)*(a2) = aT (12)
(b1)+(b2)+(b3) =bT (13)
(aT) *(bT) = ES (14)

In first group criteria al and a2 indicate the importance and
magnitude criterion of the impact respectively. In second Group
criteria bl, b2, b3, respectively, indicate the permanent reversibility
and cumulative criterion (Table 2). Obviously, it should be initially
determined if the effect is positive or negative and then the scoring
would be done.

In order to analyze results of the scoring in this method, resulting
environmental scores (ES) should be investigated in Table 3 range
bands. Therefore range bands of positive and negative impacts for each
component of the environment should initially be determined [19,20].
Finally we can select the option that has the least negative impact.

The main operators in fuzzy environment:

A= (al,bl,cl)

B=(a2,b2,c2)

A+B= (al+a2,bl1+b2,c1+c2)

If both are positive:

A*B= (al*a2,b1*b2,c1*c2)

_E D € B-ANAGB C D E
8 0

| I ' | I
-108 -T2 -35 -18 9 18 35 T2 108 X

Figure 5: RB in Classical method.

Figure 6: RB in fuzzy method.
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Economic-Operational

* Current and future land uses
» Economic structure
* Traffic flow

» Employment and unemployment

* Business, economic, industrial,
mining patterns

* Production,

transmission and energy consumption
development projects

* Tourist and touris m projects

* Income and expenses

* Land cover

-108 -1 -35 -18 -9 a

Social-Cultural

« Increase or decrease the exis ting and
future population

« Services and sanitation, education and
administrative

« Lands cape

« Historicsites and ancient

« Places and religious monument

* The quality of life of local communities
« Settlements and population
displacement

« Local solidarity and social cooperation

Phys ical-Chemical Biological-Ecological

* Air quality and air pollutant emissions « Terrestrial ecosystem

* Aquatic ecosystem

» Make noise and nuisance to humans * Vegetation

« Wildlife
+ Create an annoying and irritating noise on wildlife

* Protected areas
* Quality of surface and underground water

* Runoff and Drainage patterns

* Hydrology and Hydrography
* Soil permeability

* Soil pollution

* Erosion in the region

* landform and topography

« Create hazards and natural disasters such as flooding,
lands lides, and ...

Table 1: Indexes of environmental impact assessment for petrochemical industy.

RE inClassical method

9 18 35 71

-1 -0.6574 -03241  -0.1667

-0.0833 |0 00833 01667

03241 0.6574 1

RE in fuzzy m ethod

Figure 7: RB values in both classical and fuzzy.

Criteria
4 (3,4,5)
Al: 3 (2,3,4)
Importance
of condition 2 (1,2,3)
1 (0,1,2)
Q?t i 0 (0,0,0)
riteria s 234)
A2: 2 (1.2.3)
1 0,1,2
Magnitude of (0.1.2)
change/ (0,0,0)
effect 1 (-2,-1,0)
2 (-3-2-1)
3 (4:3-2)
1 (0,1,2)
B1:
Permanence |2 (1,.2,3)
3 (2.3.4)
1 0,1,2)
(B) B2:
Criteria | Reversibility 2 (1.2.3)
3 (2.3.4)
1 (0,1,2)
B3:
Cumulative 2 (1,2,3)
3 (2,3,4)

Scale Fuzzy Scale Description

Important to national/international
interes t

Important to regional/national
interes ts

Important to areas immediately
outs ide the local
condition

Important only to the local condition
No importance
Major positive benefit

Significant improvement in status
quo

Improvement in status quo
No change/status quo
Negative change in status quo

Significant negative disbenefit or
change

Major disbenefit or change
No change/not applicable
Temporary

Permanent

No change/not applicable
Reversible

Irreversible

No change/not applicable
Non-cumulative/single
Cumulative/synergistic

Table 2: Fuzzy RIAM method assessment criteria.

If one is negative:
A*B= (al*c2,b1*b2,a2*cl)
Results

In this study, the fuzzy RIAM method were used to assess the
environmental impacts of petrochemical industry on the environmental
factors, implementing intended included 4 major factors and 33 sub-
factors, and after implementation of the method used was prepared
in the MATLAB software, the results in the form of tables and graphs
for options of non-implementation, construction and operation stage,
which the results are discussed below.

As can be seen in the Table 4 and Figure 8 related to the lack of
implementation option, forecast and analysis of the works indicates that
the main consequences of the lack of implementation of petrochemical
project in the study include the following:

In the physical-chemical, and biological-ecological parts, almost
lack of implementation of the project won’t change the environment,
while the lack of implementation of the project for social-cultural and
economic-functional parts will have significant negative impacts, so
that the lack of implementation of projects in the social-cultural part
will have the most negative impact on congestion, increase or decrease
in population, services and sanitation, education and administration,
quality of life for local communities, displacement of settlements and
local population and social cooperation. It is better that the project is on
the agenda with the adoption of corrective procedures to improve the
environment to reduce the effects of project activities on environmental
factors. In connection with the economic-functional parts, impact
assessment shows that the project activities have significant negative
impacts on current and future land use, economic structures, traffic
flow, employment and unemployment, trade & economic patterns,
production development projects, transport and energy costs, tourist
projects and tourism, income and expenses and land cover and severe
have major negative impacts, and it is suggested to prevent the lack of
implementation of the project in order to reduce these negative effects.

As can be seen in the Table 5 and Figure 9 related to evaluate
the effects of construction activities in the petrochemical industry,
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Description ES Fuzzy ES ES s’ compare to the (0,0,108) or (-108,0,0) RB
Major positive change/impacts 72+ to 108+ (0,0,108) 1 +E
Significant positive change/impacts 36+ to 71+ (0,0,71) 0.6574 +D
Moderately positive change/impacts 19+ to 35 + (0,0,35) 0.3241 +C
Pos itive change/impacts 10+ to 18+ (0,0,18) 0.1667 +B
Slightly positive change/impacts 1+ to 9+ (0,0,9) 0.0833 +A
No change/status quo/not applicable zero (0,0,0) 0 N
Slightly negative change/impacts -1to-9 (-9,0,0) -0.0833 -A
Negative change/impacts -10to -18 (-18,0,0) -0.1667 -B
Moderately negative change/impacts -19 to -35 (-35,0,0) -0.3241 -C
Significant negative change/impacts -36 to -71 (-71,0,0) -0.6574 -D
Major negative change/impacts -72t0 -108 (-108,0,0) -1 -E

Table 3: Conversion of environmental scores to range bands [13,14].

RB +E +D | +C  +B +A N -A -B -C -D -E
PC 0 0 0 0 0 1 0 0 0 0 0
BE 0 0 0 0 0 5 0 0 0 0 0
SC 0 0 0 0 0 3 1 0 1 3 0
EO 0 0 0 0 0 2 1 1 0 2 3
Sum | 0 0 0 0 0 21 2 1 1 5 3

Table 4: The number and range of effects for non-implementation.

12
10
g g
] mP/C
o
£ 6
] mB/E
3 4
z s/C
2
E/O
0 /
+£ +D +C +B +A N -A -B -C -D -E
RB
Figure 8: The number and range of effects for non-implementation.
RB +E +D | +C +B +A N -A -B -C -D -E
PC 0 0 0 0 0 0 3 2 3 1 2
BE 0 0 0 0 0 0 0 0 3 1 1
SsC 0 0 1 3 1 0 2 0 0 1 0
EO 0 2 3 2 1 0 0 0 0 1 0
Sum| O 2 4 5 2 0 5 2 6 4 3
Table 5: The number and range of effects for Construction stage.
10
A}
z
2 5 P/C
% B/E
8 4 S/C
) E/O
=)
0
+£ +D +C +B +A N A B €C D -E

RB
Figure 9: The number and range of effects for Construction stage.

forecasts and analysis of the works indicates that the main works of
construction stage in the petrochemical industry in the study area
include the following:

In the physical-chemical part, there are major and significant
negative impacts, and major negative impacts are related to create noise

and nuisance to humans and wildlife of the area, and it has significant
negative impacts on erosion in the area and terrain and topography,
and it can cause the risk of natural disasters such as flooding and
exacerbate, landslides, landslides and so on. Therefore, it is suggested
that, at the of construction, to reduce nuisance and harassment noise,
corrective measures to be taken to control noise and vibration, and to
mitigate the negative impacts on the land form and intensification of
risks and accidents, it is suggested to take the necessary measures by
anticipation the type of hazards and their risk assessment.

In the biological-ecological part, the most significant negative
impacts is related to wildlife and vegetation, In the next step, the
negative impacts are related to land and water ecosystems and
protected areas. Various activities in the construction stage of the
project, such as transport, labor activity and other activities, all of them
lead to ecological imbalance and disturbance and damage to fauna and
flora of the region. For social-cultural part, the construction stage of
project only have negative effects on the landscape, historic sites and
ancient places, and but it should be noted that these impacts are not
very significant and negative, by contrast, they will have little positive
impact on social-cultural part. In the economic-functional part, impact
assessment shows that the construction stage of the petrochemical
industry has only significant negative impact on traffic flow, which
must be managed by corrective measures. Almost at the end of
project, the project activities has positive and helpful impacts on other
economic-functional factors, and it has the most positive effects on the
employment and improve the income of residents.

As can be seen in the Table 6 and Figure 10 to assess the
environmental effects of the operation stage of the petrochemical
industry, forecasts and analysis of the works indicates that the main
works of the operation stage in the petrochemical industry in the study
area include the following:

In the physical-chemical part, it has major negative impacts on
noise, soil, air and water pollution and the quality of resources, which
using monitoring programs, constantly and frequently, the amount of
emissions from industrial activities should be considered, it also has
significant negative impacts on other factors of this part.

For biological-ecological part, aquatic ecosystems and the fauna
and flora of the region are affected by the major negative impacts
of industrial activities, and for terrestrial ecosystems and protected
areas also significant negative impacts can be predicted, therefore,
it is recommended that location of petrochemical industry has great
distance with water ecosystems, and to mitigate the effects on the
fauna of the area, uncover places or places that are devoid of vegetation
should be selected for development of the petrochemical industry.
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RB +E +D +C +B +A N -A -B -C -D -E
PC 0 0 0 0 0 0 1 0 1 5 4
BE 0 0 0 0 0 0 0 0 0 2 3
SC 3 1 1 0 0 0 0 3 0 0 0
EO 5 2 1 1 0 0 0 0 0 0 0
Sum 8 3 2 1 0 0 1 3 1 7 7
Table 6: The number and range of effects for Operation.
6
5
4]
24
s up/C
€3
S B/E
S 2
z S/C
1
E/O
. I [ /
+£ +D +C +B +A N A B -C D -E
RB
Figure 10: The number and range of effects for Operation.
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Figure 11: Decision support system designed to fuzzy RIAM method.

For social-cultural parts, the slightly negative impacts on
landscape, historic sites and archaeological and religious sites, and the
monument can be seen, and the significant positive impacts can be seen
on density, increase or decrease in population, services and sanitation,
education and administration, the quality of life of local communities,
settlements and population displacement and local solidarity and social
cooperation. In connection with the economic-functional part, impact
assessment shows that the project activities have significant positive
and major positive impacts on current and future land use, economic
fundamentals, jobs and unemployment, trade & economic patterns,
production development projects, transfer and energy costs, tourist
projects and tourism, income and expenses and land cover and, and
the only negative impact of the operation is related to the traffic.

A picture of a system designed to assess by using the fuzzy RIAM
method is presented in the following (Figure 11).

Conclusion

The study of development projects of petrochemical industry
shows that, in the past planning, like many developing countries, the
importance and values of natural resources and the environment has
been hidden from the perspective of decision-makers, and many of
them have designed and operated without regard to environmental

considerations. The results and consequences of such measures
have been the incidence of severe pollution and degradation of
environmental resources. Certainly, petrochemical plants can also be
considered as plans and development projects which have the short
and long-term environmental effects. The results show that the most
significant environmental and exploitation impacts of petrochemical
projects are water and soil pollution, air and noise, as well as socio-
economic consequences. Petrochemical industries in the operation
will create more significant implications than the construction stage
on the environment, some of them in terms of lack of control and
environmental management, are irreversible and damaging. The
most important environmental effects of the construction stage of
petrochemical industries include changes in land use, increased noise,
disruption in transportation patterns, weather and air pollution and
waste production. The adverse effects of the operation stage of the
petrochemical industry include water pollution of acceptor sources,
air pollution, solid waste and hazardous wastes. Basically, the major
environmental problems of these plants, especially in terms of non-
compliance with environmental regulations and standards have risky
consequences, and impair the organic nature of human societies and
also wildlife. However, it can be said that, consequences and effects
of the activities of petrochemical projects, in the both of construction
and operation stages are different and they have obvious differences in
intensity and scope and importance. Thus, to evaluate petrochemical
projects, like other similar projects, several effects must be studied,
analyzed and dissected. It is also recommended that, to reduce the
negative impact of environmental factors on the development of the
petrochemical industry, both remedial and mitigation plans used. It is
also recommended that both corrective measures and improvement
programs are used to reduce the negative impacts of the development
of petrochemical industry on the environmental factors.
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